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PREFACE 

I  hope  that  this  book  may  raise  in  the  minds  of  those  who  read  it 
more  questions  than  it  answers.  Enormous  as  the  science  of  phyisio- 
logical  chemistry,  or  bio-chemistry,  has  grown  to  be,  covering  as  it 
does  the  whole  of  the  chemical  and  physico-chemical  phenomena  of 
living  nature,  only  a  beginning  has  as  yet  been  made  in  it.  To  few 
of  its  fundamental  questions  can  we  now  give  an  answer.  The  great 
discoveries  remain  for  the  future.  To  arouse  interest  in  the  subject, 
to  stimulate  curiosity  and  inquiry,  are  the  main  objects  of  every  teacher. 
I  hope  that  in  the  pages  which  follow  I  have  not  hit  too  wide  of  this 
mark. 

Of  so  large  a  subject  one  can  be  personally  familiar  with  but  a  small 
part.  It  is  difficult  to  estimate  the  value  of  work  done  in  fields  other 
than  those  in  which  one  has  worked.  Tt  may  be  that  the  emphasis  has 
not  always  been  put  in  the  riprht  place.  Some  parts  of  the  subject  have 
been  treated  far  more  fully  than  others,  and,  possibly,  more  fully  than 
their  importance  deserves.  The  chapters  on  the  chemistry  of  the  carbo- 
hydrates, fats  and  proteins  and  the  physical  chemistry  of  the  cell  are 
longer  than  is  usual.  But  a  thorough  knowledge  of  this  part  of  the 
subject  is  essential  to  a  comprehension  of  physiology  and  pathology.  On 
the  other  hand,  this  has  necessitated  a  briefer  treatment  than  they  de- 
served of  some  other  matters.  T  have  not  been  able  to  consult  the  whole 
of  the  vast  literature  of  biochemistry  and  I  know  that  many  valuable 
and  suggestive  papers  have  probably  escaped  my  attention.  At  the  end 
of  each  chapter  there  will  be  found  a  short  list  of  papers  bearing  on 
the  subject  dealt  with  in  that  chapter.  Many  of  these  should  be  read 
by  students,  and  material  may  be  taken  from  them  for  conferences.  Most 
of  these  papers  are  recent.  They  have  been  chosen  not  because  they  are 
necessarily  better  than  older  papers,  for  the  reverse  may  be  the  case, 
but  because  in  them  the  oWer  literature  is  cited  and  they  reflect  the 
more  modem  point  of  view.  While  I  have  expressed  opinions  here  and 
there,  I  have,  as  far  as  space  permits,  given  definite  experiments  rather 
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than  conclusions  only,  so  that  the  reader  may  judge  the  evidence  for 
himself. 

In  the  preparation  of  the  practical  work  I  have  been  assisted  by  my 
colleague,  Professor  P.  C.  Koch,  whose  aid  is  gratefully  acknowledged. 
For  the  derivation  of  the  scientiiSe  words  and  their  meanings  I  have 
relied  on  the  excellent  Medical  Dictionary  of  Stedman.  I  have  drawt 
freely  for  tables  and  cuts  on  other  works. 

Ukivkbsitt  or  Chicago, 
May,  19IS. 


PREFACE  TO  THE  THIRD  EDITION 

In  the  third  edition  the  practical  part  has  been  rearranged,  largely 
rewritten,  many  new  and  important  methods,  such  as  those  of  blood 
analysis,  have  been  added,  and  many  revisions  made  in  the  text  required 
by  the  development  of  knowledge  since  the  second  edition  was  published. 
This  revision  has  been  most  extensive  in  the  chapter  on  vitamines. 

Cincinnati.  May,  1920. 
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CHAPTER  I. 
THE  GENERAL  PROPERTIES  OP  LIVING  MATTER. 

The  various  objects  on  the  surface  of  the  earth  may  be  divided  into 
two  great  classes,  the  living  and  the  lifeless;  the  former  being  char- 
acterized by  the  possession  of  certain  properties  which  the  latter  lack. 
The  first  of  the  distinctive  properties  of  living  matter  is  the  power  of 
movement ;  and  of  movement  having  an  internal  rather  than  an  external 
origin.  These  movements  are  either  from  place  to  place  as  in  animars; 
or  movements  of  growth  and  foliage  as  in  plants.  It  is  by  the  property , 
of  movement  that  we  instinctively  distinguish  living  and  lifeless.  A 
second  property  is  that  of  growth;  growth  not  by  the  apposition  of 
particles  to  the  outside  of  the  living  thing,  but  growth  from  within,  by 
the  intercalation  of  substances  within  the  organism.  Another,  the  most 
characteristic,  and  the  only  property  it  is  certainly  known  that  some 
of  the  simpler  organisms  possess,  organisms  too  small  to  be  seen,  is  that 
of  reproduction.  Such  organisms  are  called  living  because  they  are 
capable  of  indefinite  multiplication.  Finally  we  have  two  properties 
which  often  require  special  apparatus  for  their  detection,  but  which  are; 
none  the  less,  fully  as  fundamental  as  the  others,  the  properties,  namely, : 
of  respiration  and  irritability.  All  living  things  respire,  that  is  they 
consume  oxygen,  liberate  energy  by  combustion  or  oxidative  changes, 
and  they  give  off  a  gas,  carbon  dioxide ;  and  they  are  irritable ;  that  is 
they  respond  in  some  way,  either  by  a  change  in  the  rate  of  reproduction, 
in  movement,  in  growth,  or  in  some  other  of  their  functions  when  their 
surroundings  change.  We  cannot  directly  obsei-ve  that  many  of  the 
smaller  forms  of  life  are  irritable,  but  we  believe  from  analogy  that  they 
must  be  so. 

These  five  properties,  movement,  growth,  reproduction,  respiration 
and  irritability,  are,  hence,  those  properties  possessed  by  living  thingis, 
and  not  possessed,  or  at  least  not  all  of  them,  by  any  non-living  thing. 
Their  possession  defines  a  living  thing.  When  we  speak  of  life  we 
mean  this  peculiar  group  of  phenomena ;  and  when  we  sipeak  of  explainr 
ing  life,  we  mean  the  explanation  of  these  phenomena  in  the  terms  of 
better  known  processes  in  the  non-living. 

How  it  happens  that  living  things  have  these  properties  which  are 
lacking  in  the  non-living  has  only  within  comparatively  recent  times  be- 
come a  subject  of  scientific  investigation.     For  many  centuries  the, 


4  PHYSIOLOGICAL   CHEMISTRY 

problem  was  regarded  as  solved.  Since  living  things  are  apparently 
lifeless  things  plus  something  else,  it  was  assumed  that  there  was  in 
living  things  a  spirit,  an  energy,  an  entelechy,  or  a  demon,  which  did 
not  exist  in  lifeless  matter,  and  to  this  spirit,  or  entelechy,  all  of  these 
peculiar  vital  properties  were  ascribed.  It  was  not  until  the  end  of  the 
eighteenth  and  the  beginning  of  the  nineteenth  century  that  this  explana- 
tion was  doubted,  and  only  since  then  has  the  attempt  been  made  to 
discover  the  origin  of  the  vital  properties. 

Tc  the  solution  of  this  problem  many  men  have  contributed  and  it  is 
perhaps  invidious  to  pick  out  anyone  for  special  mention,  but  physio- 
logical chemistry  certainly  took  a  long  stride  forward,  if  indeed  it  may 
not  be  said  to  have  originated,  about  1775-1793  in  the  work  of  that 
great  man  of  science,  Lavoisier.  In  that  beautiful  series  of  papers 
published  in  the  Memoirs  of  the  French  Academy,  papers  which  should 
be  read  by  every  student  of  the  science  as  true  examples  of  real  scientific 
work,  embodying  the  happiest  combination  of  imagination  and  experi- 
mental verification,  Lavoisier  showed  that  the  heat  of  the  body,  that 
peculiar  property  of  the  living  body,  was  due  to  the  burning,  or  com- 
bustion, of  its  substances, — a  burning  analogous  in  all  respects  to  the 
combustion  of  a  candle,  or  of  a  piece  of  coal.  Animal  heat  and  animal 
respiration  were  thus  correlated,  and  the  living  energy  was  seen  to  have 
its  origin  in  the  combustion  of  hydrogen  and  carbon. 

It  remained,  however,  for  the  histologists  to  show  what  was  the  real 
physical  substratum  of  the  living  phenomena,  and  this  grew  immediately 
out  of  the  discovery  of  the  compound  microscope.  Living  things,  in  their 
outward  form,  are  extremely  diverse,  but  when  they  are  examined 
microscopically  it  is  found  that  all  are  composed  of  microscopic  units 
called  cells.  Within  these  cells  there  is  a  substance  of  a  peculiar  and 
unique  nature  found  nowhere  else ;  a  substance  called  by  Dujardin,  who 
first  described  it  in  animals,  sarcode;  and  by  von  Mohl,  who  saw  it  in 
plants,  protoplasm  *  ( protos,  first ;  plasma,,  form ) .  This  sarcode,  or  proto- 
plasm, Dujardin  described  as  a  sticky,  viscid,  clear,  or  slightly  granular, 
substance,  which  would  adhere  to  a  glass  rod  and  could  be  pulled  out 
in  long,  thin  stramds,  much  as  candy  can  be  puUed  out.  In  it  was  a  more 
refractive,  spherical  body  called  the  nucleus,  discovered  by  Robert  Brown 
in  1831.  It  was  not,  however,  until  about  1861  that  sarcode  and  proto- 
plasm were  recognized  as  essentially  identical  in  all  plants  and  aU  ani- 
mals, and  the  conclusion  drawn  that  it  was  the  real  living  basis,  the 
physical  basis  of  life.  Max  Schulze  especially  contributed  to  the  estab- 
lishment of  this  conception. 

The  recognition  of  the  fact  that  all  living  things  had  in  them  a  sub- 
stance essentially  identical  in  its'  main  features  in  all  cells  provided  at 
once  a  basis  for  those  peculiar  and  common  properties  of  living  things. 

'  The  name  was  given  by  Purkinje  in  1839. 
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Irritability,  respiration,  growth,  metabolism,  movement  are  the  properties 
of  living  matter,  or  protoplasm.  It  is  the  chemistry  of  this  substance  and 
its  products  with  which  the  science  of  physiological  chemistry,  or  bio- 
cJiemistry,  has  to  deal. 

The  physical  appearance  and  consistence  of  this  living  matter  varies 
in  different  cells,  sometimes  being  jelly-like  in  its  rigidity ;  at  other 
times,  or  in  other  locations,  decidedly  fluid.  It  may  be  seen  in  many 
vegetable  cells,  such  for  example  as  the  fine  stamen  hairs  of  the  spider- 
lily,  Tradescantia,  or  in  Nitella,  to  be  in  active  movement,  the  proto- 
plasm keeping  up  a  circulation  within  the  cells ;  its  Sowings  may  carry 
unicellular  organisms  from  place  to  place;  even  in  the  cells  of  higher 
animals,  as  in  the  eggs  of  one  of  the  tunicates,  the  external  layer  of  the 
protoplasm  appears  fluid  and  may  flow  about  the  egg ;  and  in  the  nerve 
cell  of  the  vertebrate  brain  its  movements  are  supposed  to  make  and 
break  those  fine,  inter-cellular  connections  at  the  basis  of  memory,  asso- 
ciation and  thought.  On  the  other  hand,  protoplasm  may  be  quite  jelly- 
like and  semi-rigid  and  highly  elastic,  as  in  the  epithelial  and  muscle 
cells  of  vertebrates;  and  it  may  be  now  rigid  and  now  fluid  as  its  state 
changes  with  its  condition  of  activity.  These  facts  have  been  established, 
in  part,  by  Kite's  and  Chambers'  microscopic  dissection  of  cells  by  very 
fine  glass  needles. 

The  optical  appearance  of  living  matter  is  that  of  a  cleat,  trans- 
parent ground  substance  in  which  are  imbedded  a  great  number  of 
granules  of  different  sizes  and  often  of  different  densities  and; different 
tints.  It  is  generally  believed,  because  of  its  uniformity  and  universality, 
tliat  the  clear  ground  substance  with  the  nucleus  is  the  living  substance 
itself,  and  that  the  granules  represent  raw  materials,  or  secretory,  or 
waste  substances.  The  granules  are  generally  colorless,  but  they  may  be 
colored  as  in  pigment  cells,  or  in  the  blood  cells  of  the  sea-urchin, 
Arbacia,  where  they  are  a  beautiful  deep  red.  They  may  be  either 
spherical,  or  rod  shaped,  ellipsoidal,  or  crystalline.  When  stains,  enter 
living  matter  they  may  combine  with  and  color  the  granules,  but  the 
ground  substance  does  not  appear  ever  to  color  while  it  is  living.  Finally 
living  matter  is  always  probably  very  slightly  alkaline  in  reaction,  but 
it  becomes  acid  on  dying. 

Living  matter,  therefore,  is  a  substance  found  in  all  living  things, 
essentially  the  same  in  all,  but  differing  somewhat  in  its  physical  appear- 
ance ahd  chemical  composition  in  each  particular  kind  of  cell. 
The  physical  and  psychological  complex  of  phenomena  to  which  is 
given  the  collective  name  of  "  life  "  is  associated  always,  so  far  as  we 
know,  with  this  substance,  although  each  individual  property  may 
be  independent  of  it;  and  it  is  the  problem  of  the  science  of  physi- 
ology to  discover,  to  analyze  these  phenomena  and,  if  possible,  to  find 
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how  they  arise  from  the  physical-ehemieal-psychic  constitution  of 
protoplasm. 

How  the  differentiation  into  living  and  lifeless  arose  on  the  earth 
is  still  unknown,  but  most  physiological  chemists  are  of  the  opinion  that 
since  living  matter  is  to-day  being  constantly  made  out  of  lifeless,  and 
we  have  no  reason  .to  believe  that  the  course  of  events  was  different  in 
this  respect  in  the  past,  that  living  originated  from  lifeless ;  and,  prob- 
ably, not  at  one  step,  but  as  the  result  of  a  series  of  transformations 
taking  in  the  first  instance  a  very  long  time.  It  must  be  remembered, 
too,  in  considering  the  gap  between  living  and  lifeless,  that  while  this 
appears  to  be  wide  and  profound,  if  we  consider  the  higher  organisms 
such  as  man  himself,  it  is  not  so  profound  if  we  consider  the  very  sim- 
plest forms  of  life.  Living  forms  exist  so  minute  as  to  be  almost,  or  quite, 
beyond  the  realm  of  microscopic  vision;  such  forms  can  have  only  the 
simplest  structure,  since  their  volume  is  so  small  that  they  can  contain 
only  a  small  number  of  molecules  of  the  size  of  those  in  living  matter. 
The  difference  between  these  forms  and  lifeless  matter  would  seem  to  be 
reduced  almost  to  a  simple  chemical  difference.  In  fact,  the  differences 
between  living  and  lifeless  appear  on  closer  examination  to  be  quantita- 
tive rather  than  qualitative. 

Living  matter  is  nearly  always  in  movement,  movements  of  growth, 
of  active  streaming  or  of  changes  of  shape;  and  since  to  move  objects, 
such  as  nuclei,  requires  that  work  be  done,  and  since  energy  is  that  which 
does  work,  living  matter  must  be  the  seat  of  energy  transformations. 
It  might  be  supposed  that  this  energy,  or  capacity  for  work,  was  due 
to  some  peculiar,  non-physical,  vital  force  or  spirit,  but  experiment  has 
now  clearly  demonstrated  that  this  is  not  the  case,  but  that  this  energy 
comes  ultimately  from  light  and  immediately  from  the  union  of  the  living 
matter,  or  its  constituents,  with  oxygen.  The  law  of  conservation  of 
energy  in  living  things  is  the  most  fundamental  law  of  biology.  Living 
matter  is,  indeed,  a  machine  for  the  transformation  of  chemical  and  other 
forms  of  potential  energy  into  various  forms  of  kinetic  energy,  or  into 
the  chemical  energy  of  new  compounds. 

The  kinetic  energy  of  living  things  may  appear  as  heat,  as  mass 
movements,  as  light  or  as  electrical  energy.  Thus  all  forms  of  living 
matter  are  exothermic;  they  constantly  produce  heat,  so  that  their 
temperature  is  more  or  less  above  that  of  their  environment.  The 
chemical  transformations  of  living  things  are  necessarily,  for  the  most 
part,  exothermic.  In  some  cases,  however,  .the  energy  appears  as  light 
rather  than  heat.  This  is  the  case,  for  example,  in  the  luminous  organs 
of  the  fire-fly;  and  probably  in  the  phosphorescent  organs  of  the 
Ctenophores  and  in  Noctiluca ;  in  these  forms  combustion  produces  light, 
and  the  liberation  of  heat  is  reduced  to  a  minimum,  so  that  the  light 
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of  the  fire-fly  may  be  said  to  be  the  most  efficient  lamp  in  existence,  in 
the  sense  of  there  being  least  waste  of  energy  as  heat. 

Another  form  of  energy  set  free  by  living  things  is  electrical.  Elec- 
trical disturbances  occur  in  all  cells  when  combustion  takes  place  in 
them,  but  in  some  instances  nearly  the  whole  of  the  energy  appears  to 
take  this  form  instead  of  heat.  This  is  well  illustrated  in  the  electrical 
organ  of  the  Torpedo,  in  which  stimulation  causes  a  strong  electrical 
current,  so  that  this  organ,  made  of  modified  muscle,  is  a  very  efficient 
battery  and  a  study  of  its  physiology  may  ultimately  show  how  fats, 
sugars  or  other  carbon  compounds,  or  carbon  itself,  may  be  burnt  with 
the  liberation  of  electrical  energy  in  place  of  heat.  But  the  most  striking 
example  of  this  kind  is  found,  probably,  in  the  nerve  impulse,  which 
though  it  is  accompanied  by,  or  is  due  to,  the  production  of  a  large 
amount  of  carbon  dioxide,  and  is  hence  a  direct  or  indirect  oxidation, 
nevertheless  appears  to  generate  no  heat,  but  only  a  well-marked  elec- 
trical current  of  momentary  duration.  On  the  other  hand,  the  muscle 
cell  has  developed  a  mechanism  by  which  much  of  the  energy  appears 
to  be  used  in  producing  molar  movements;  although  here  the  larger 
proportion  still  appears  as  heat. 

Finally  in  all  these  cases  some  of  the  energy  is  re-transformed,  with 
some  consumption  of  heat,  into  the  potential  energy  of  new  chemical 
compounds,  forming  thus  new  combustible  substances. 

Thus  far  a  very  important  manifestation  of  living  things  has  been 
omitted,  namely,  the  psychical  phenomena  which  accompany  the  energy 
transformations  in  our  brains,  and  which  we  must  believe  arise  in  some 
way  from  simple  phenomena  of  the  same  kind  perhaps  occurring  in  every 
chemical  transformation.  These  psychical  phenomena  are  omitted  be- 
cause it  has  not  yet  been  possible  to  show  that  consciousness,  or  intel- 
lectual activities,  represent  any  portion  of  the  transformed  energy ;  and 
they  are,  at  present,  not  supposed  to  be  in  the  chain  of  physical  cause 
and  effect.  They  are  generally  regarded,  in  other  words,  as  outside,  or 
concomitant,  or  epiphenomena,  which  occur  parallel  with  the  physical 
changes,  and  which  appear  to  be  dependent  upon  them,  but  which  do  not 
themselves  produce  or  influence  such  changes.  It  cannot  be  denied,  how- 
ever, that  this  is  a  most  unsatisfactory  solution  of  the  most  interesting 
of  all  problems,  since  if  consciousness  has  this  position  it  becomes  difficult 
to  attack  the  problem  as  all  other  physical  problem?  have  been  attacked. 
It  is  perhaps  wiser  to  wait  until  more  light  has  been  thrown  upon  this 
subject.  Negative  evidence,  the  failure  to  detect  loss  of  energy  accom- 
panying consciousness  changes,  is  not  a  satisfactory  basis  for  any  firm 
conclusion.  It  may  prove  to  be  the  case,  although  the  evidence  is  cer- 
tainly not  favorable  at  present,  that  consoiousness,  or  rather  the  psychical 
basis  of  it,  should  be  put  together  with  heat,  light  and  electricity  as  one 
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of  tHe  accompanying  manifestations  of  energy  transformations  in  living 
and,  presumably,  in  lifeless  things  also. 

It  is  very  important  to  remember  in  the  course  of  the  transformation 
of  potential  into  kinetic  energy  in  living  matter  that  the  kinetic  energy 
may  appear  in  various  forms,  and  that  if  it  appears  in  some  other  form 
than  heat,  the  heat  which  one  might  expect  to  appear  does  not  do  so, 
but  it  is  replaced  by  light,  electrical  currents,  movements,  possibly 
psychic  energy,  if  there  is  such  a  thing,  or  some  other  form  of  energy 
of  movement. 

Since  living  matter  is  constantly  giving  off  energy  in  these  different 
forms,  it  must  be  receiving  it  from  some  source,  or  creating  it.  Careful 
experiments,  which  will  be  cited  later  in  the  book,  prove  that  living 
matter  does  not  create  energy,  but  that  in  it  energy  is  simply  trans- 
formed from  one  kind  to  another,  as  it  is  elsewhere  in  the  universe. 
Living  matter  must  then  get  its  energy  from  some  source.  This  source 
is  the  food  and  the  oxygen  of  the  air.  The  chemical  system  consisting 
of  oxygen  and  foods  contains  potential  energy.  This  system  is  formed, 
with  its  potential  energy,  by  the  action  of  chlorophyll,  the  green  coloring 
matter  of  plants  and  the  protoplasm  of  plants.  Sunlight  acting  on 
these  green  plant  parts  in  the  presence  of  carbon  dioxide  and  water 
brings  about  a  separation  of  the  carbon  and  oxygen  of  the  carbon 
dioxide.  The  energy  of  the  sunlight  is  transformed  in  this  process.  The 
carbon,  with  a  small  part  of  the  oxygen,  becomes  converted  into  various 
food  substances  (carbohydrates,  etc.)  and  the  oxygen  accumulates  in 
the  air.  This  separation  of  carbon  and  oxygen  requires  that  work 
should  be  done  and  consequently  the  expenditure  of  energy,  and  this 
energy  is  obtained  from  the  light  absorbed  by  the  green  leaves.  All  the 
energy  of  living  things  comes,  therefore,  in  the  long  run  from  the  svm. 
The  food  and  oxygen  thus  separated  contain  between  them  potential 
energy,  since,  under  favorable  conditions,  not  well  understood  but  such 
as  exist  in  living  matter,  they  will  combine  again  to  form  carbon  dioxide 
and  water  and  set  free,  in  so  doing,  the  energy  required  for  their 
previous  separation.  The  energy  of  living  things,  whether  it  appears 
as  heat,  light,  electrical  disturbances  or  movements  of  masses,  is  due  then 
directly,  or  indirectly,  to  the  Combustion  of  the  carbon  and  hydrogen 
of  the  body  by  the  oxygen  of  the  air.  Living  matter  is  a  combustion 
engine,  with  cylinders  and  connecting  rods  of  molecular  dimensions 
and  provided,  possibly,  with  an  electrical  sparking  device  not  so  dis- 
similar in  principle  from  that  of  an  internal  combustion  or  explosion 
engine.  The  discovery  of  the  origin  of  the  energy  of  living  protoplasm 
in  the  combustion  of  carbon  and  hydrogen  was  one  of  the  greatest,  if 
not  the  greatest  and  most  fundamental,  discovery  in  chemical  biology; 
and  it  is  considered  more  at  length  in  Chapter  VI. 
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But  it  must  not  be  thought  from  what  has  preceded  that  combustive 
dianges  are  the  only  kinds  of  chemical  changes  occurring  in  living 
matter.  The  fact  is  quite  otherwise.  There  are  also,  in  the  first  place, 
reducing  reactions.  In  order  that  any  substance  may  oxidize  it  must 
also  be  reducing.  A  reducing  substance  is  one  which  has  the  power 
of  combining  with  oxygen.  Now  all  the  food  and  organic  substances 
of  protoplasm  have  the  power  of  combining  with  oxygen  under  appro- 
priate conditions,  hence  living  matter  is  seen  to  be  made  of  reducing 
substances.  If  it  happens  that  there  is  not  sufficient  free  oxygen  for 
these  reducing  substances  to  unite  with  when  they  enter  into  an  actively 
reducing  condition,  and  how  they  come  to  enter  such  a  condition  will  be 
considered  presently,  those  which  are  the  stronger  reducing  steal  the 
oxygen  away  from  other  weaker  reducing  bodies  which  have  got  a  little ; 
or  the  reducing  particles,  finding  no  oxygen  to  unite  with  and  being  in 
a  condition  to  unite  with  something,  join,  or  condense,  together,  two 
or  more  parts  of  molecules  uniting  to  form  new  substances ;  and  in  this 
way,  probably,  the  fats  are  formed  from  the  sugars.  Since  no  cell  ever 
has  a  sufficient  supply  of  oxygen  to  oxidize  all  the  reducing  substances 
set  free  or  active,  and  since,  indeed,  it  cannot  continue  to  exist  if  ever 
the  oxygen  becomes  thus  plentiful,  all  living  matter  has  a  steady  reduc- 
ing action  and  there  are  a  great  many  reducing  reactions,  as  well  as 
oxidations,  going  on  in  cells.  It  is,  indeed,  as  we  shall  see,  this  play 
of  oxidation  and  reduction  which  accounts  for  many  of  the  synthetic 
transformations  in  protoplasm.  Furthermore,  since  the  absorption  of 
o\yg(^n  must  be  proportional  to  the  surface  of  the  cell,  whereas  the 
requirement  goes  proportional  to  the  mass,  the  size  of  cells  must  be 
regulated  or  fixed  in  some  way  to  secure  the  proper  balance  between 
oxidation  and  reduction. 

A  very  large  class  of  chemical  transformations  in  protoplasm  con- 
sists of  hydrations,  as  would  be  anticipated  in  a  medium  containing, 
as  protoplasm  does,  80  per  cent,  of  water.  By  a  hydration  is  meant 
the  union  of  water  with  a  substance.  "When  this  union  takes  place 
some  substances  become  unstable,  for  some  reason  not  understood  by 
the  writer,  and  fall  into  fragments.  This  process  of  decomposition  with 
the  taking  on  of  water  is  called  hydrolytic  decomposition,  or  cleavage 
(Gr.  hyddr,  water;  lysis,  separation).  And  among  the  disintegrative, 
or  catabolic  {Kata,  down)  chemical  changes,  this  is  one  of  the  most 
important.    All  digestive  changes  are  of  this  kind. 

Besides  oxidations  and  reductions,  condensations  and  hydrolyses, 
there  is  finally  another  great  class  of  chemical  reactions  known  as 
dehydration  syntheses.  It  is  a  singular  fact  that  protoplasm,  although 
it  is  four-fifths  water,  nevertheless  synthesizes  complex  substances  such 
as  proteins,  carbohydrates  and  fats  by  a  process  which  involves  the 
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liberation  of  water  and  which  is  ordinarily  duplicated  outside  the  cell 
by  means  of  high  temperature,  or  by  strong  water-attracting  substances, 
such  as  phosphorus  pentoxide  or  sulphuric  acid.  These  dehydration  syn- 
theses taking  place  in  such  a  wonderfully  aqueous  medium  have  been  a 
great  puzzle.  It  has  been  suggested  by  Drechsel  that  many  of  them  are 
dehydrations  produced  not  by  a  simple  taking  out  of  water,  but  by  a 
reduction  followed  by  an  oxidation.  There  is  reason  to  believe  this 
explanation  in  some  instances  to  be  well  founded,  although  syntheses 
of  the  more  complex  of  these  bodies  by  this  method  have  not  yet  been 
produced  outside  the  cell.  The  subject  requires  further  investigation. 
One  fact  strongly  in  its  favor  is  that  such  syntheses  are  retarded  if  the 
respiration  of  the  cell  is  reduced  by  deprivation  of  oxygen,  by  anesthetics 
or  in  other  ways ;  or  if  the  reducing  power  of  the  cell  is  destroyed  by  the 
supply  of  too  much  oxygen. 

There  is  still  another  feature  of  cell  chemistry  which  must  strike 
even  the  most  superficial  observer,  and  that  is  the  speed  with  which 
growth  and  the  chemical  reactions  occur  in  it.  Everyone  knows  that 
sugar  dissolved  in  water  does  not  rapidly  oxidize  to  carbon  dioxide, 
but  remains  intact  for  a  long  period;  but  in  the  cell  it  oxidizes  with 
surprising  speed,  liberating  heat,  light,  or  doing  work  by  the  energy 
set  free.  It  has  been  found  that  if  glucose  is  dissolved  in  water  and 
exposed  to  air,  particularly  in  the  light,  it  undergoes  a  very  slow  oxida- 
tion and  decomposition.  The  difference  between  its  behavior  in  and 
out  of  the  cell  is  a  difference  of  speed  of  decomposition,  rather  than 
a  difference  in  kind.  A  similar  fact  is  seen  in  the  behavior  of  starch. 
Starch  boiled  with  water  does  not  easily  take  on  water  and  split  into 
sweet  glucose,  but  in  the  plant  cell  it  changes  into  sugar  under  appro- 
priate conditions  very  rapidly.  How  does  it  happen  then  that  the 
chemical  changes  of  the  foods  go  on  so  rapidly  in  living  matter  and 
so  slowly  outside?  This  is  owing  to  the  fact,  as  we  now  know,  that 
living  matter  always  contains  a  large  number  of  substances,  or  com- 
pounds, called  enzymes  ( Gr.  en,  in ;  zyme,  yeast ;  in  yeast)  because  they 
occur  in  a  striking  way  in  yeast.  These  enzymes,  which  are  probably 
organic  bodies,  but  of  which  the  exact  composition  is  as  yet  unknown, 
have  the  property  of  greatly  hastening,  or  as  is  generally  said,  catalyz- 
ing, various  chemical  reactions.  The  word  catalytic  (Rata,  down ;  lysis, 
separation)  means  literally  a  down  separation  or  decomposition,  but  it 
is  used  to  designate  any  reaction  which  is  hastened  by  a  third  substance, 
this  third  substance  not  appearing  much,  if  at  all,  changed  in  amount 
at  the  end  of  the  reaction.  Living  matter  is  hence  peculiar  in  the  speed 
with  which  these  hydrolytic,  oxidative,  reduction  or  condensation  reac- 
tions occur  in  it ;  and  it  owes  this  property  to  various  substances,  cata- 
lytic agents,  or  enzymes,  found  in  it  everywhere.    Were  it  not  for  these 
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substances  reactions  would  go  on  so  slowly  that  the  phenomena  of  life 
would  be  quite  different  from  what  they  are.  Since  these  catalytic  sub- 
stances are  themselves  produced  by  a  chemical  change  preceding  that 
which  they  catalyze,  we  might,  perhaps,  call  them  the  memories  of  those 
former  chemical  reactions,  and  it  is  by  means  of  these  memories,  or 
enzymes,  that  cells  become  teachable  in  a  chemical  sense  and  capable  of 
transacting  their  chemical  affairs  with  greater  efiSciency.    Whether  all 


Nucleus  - 


Attraction-cph^re  enclosing  two  centrosomes. 


Plastids  lying  in  the 
cytoplasm 


Vacuole 


Passive  bodies  (meta- 
plasm  or  paraplasm) 
suspended  in  the  cy- 
toplasmic  meshwork 


Fia.  1. — Diagram  of  a   cell  according  to  Wilson,  illustrating  the  organization  and 
Epeclalizatlon  of  the  cell. 


our  memories  have  some  such  basis  as  this  we  cannot  at  present  say, 
since  we  do  not  yet  know  anything  of  the  physical  basis  of  memory. 

Living  reactions  have  one  other  important  peculiarity  besides  speed, 
and  that  is  their  "  orderliness."  The  cell  is  not  a  homogeneous  mixture 
in  which  reactions  take  place  haphazard,  but  it  is  a  well-ordered  chemical 
factory  with  specialized  reactions  occurring  in  various  parts.  If  proto- 
plasm be  ground  up,  thus  causing  a  thorough  intermixing  of  its  parts, 
it  can  no  longer  live,  but  there  results  a  mutual  destruction  of  its 
various  structures  and  substances.  The  orderliness  of  the  chemical 
reactions  is.  due  to  the  cell  structure ',  and  for  the  phenomena  of  life 
to  persist  in  their  entirety  that  structure  must  be  preserved.  It  is  true 
that  in  such  a  ground-up  mass  many  of  the  chemical  reactions  are 
presumably  the  same  as  those  which  went  on  while  structure  persisted, 
but  they  no  longer  occur  in  a  well-regulated  manner;  some  have  been 
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checked,  others  greatly  increased  by  the  intermixing.  This  orderliness 
of  reactions  in  living  protoplasm  is  produced  by  the  specialization  of 
the  cell  in  difiEerent  parts  shown  in  Figures  1  and  2.  Thus  the  nuclear 
wall,  or  membrane,  marks  oif  one  very  important  cell  region  and  keeps  the 
nuclear  sap  from  interacting  with  the  protoplasm.  Profound,  and  often 
fatal,  changes  sometimes  occur  in  cells  when  an  admixture  of  nuclear 
and  cytoplasmic  elements  is  artificially  produced  by  rupture  of  this 
membrane.    Other  localizations  and  organizations  are  due  to  the  colloidal 


Fig.  2. — Section  of  a  dividing  egg  cell  (Llllie)  showing  alveolar  or  granular  structure 
of  protoplasm  at  H.  the  spindle  with  chromatin  at  1,  and  finely  granular  protoplasm  at  2. 
The  peripheral  layer  at  5  Is  different  from  the  parts  lying  inward. 


nature  of  the  cell  protoplasm  and  possibly  to  its  lipoid  character.  By  a 
colloid  is  meant,  literally,  a  glue-like  body;  a  substance  which  will  not 
diffuse  through  membranes  and  which  forms  with  water  a  kind  of  tissue, 
or  gel.  It  is  by  means  of  the  colloids  of  a  protein,  lipoid  or  carbohydrate 
nature  which  make  up  the  substratum  of  the  cell  that  this  localization 
of  chemical  reactions  is  produced ;  the  colloids  furnish  the  basis  for  the 
organization  or  machinery  of  the  cell ;  and  in  their  absence  there  could 
be  nothing  more  than  a  homogeneous  conglomeration  of  reactions.  The 
properties  of  colloids  become,  therefore,  of  the  greatest  importance  in 
interpreting  cell  life,  and  it  is  for  this  reason  that  they  have  been 
studied  so  keenly  in  the  past  ten  years.  The  colloids  localise  the  cell 
reactions  and  furnish  the  physical  basis  of  its  physiology ;  they  form  the 
cell  machinery. 

The  general  chemical  composition  of  living  matter.    Water. — It  is 
little  short  of  astounding  that  living  matter  with  all  its  wonderful 
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properties  of  growth,  movement,  memory,  intelligence,  devotion,  suffer- 
ing and  happiness  should  be  composed  to  the  extent  of  from  70  to  90 
per  cent,  of  nothing  more  complex  or  mysterious  than  water.  Such  a 
fact  as  this  is  most  perplexing,  especially  when  all  experiment  shows 
that  tliis  water  is  playing  a  profoundly  important  part  in  the  generation 
of  the  vital  phenomena.  Any  interference  with  the  amount  normally 
present  makes  a  change  at  once  in  the  activities  of  the  cell.  In  fact, 
we  might  say  that  all  living  matter  lives  in  water,  as  Claude  Bernard 
put  it.  For  not  only  is  this  obviously  true  in  the  lower  and  simpler 
forms  of  animals  and  plants,  which  are  little  more  than  naked  masses 
of  protoplasm  living  in  water,  but  it  is  no  less  true  of  the  higher  forms, 
since  in  all  of  them  an  internal  medium,  or  environment,  of  a  liquid 
nature,  the  lymph,  the  blood,  or  sap,  is  found  which  is  the  immediate 
environment  of  the  cells.  Water  is  the  largest  and  one  of  the  most 
important  constituents  of  living  matter;  and  if  organisms  are  carefully 
examined  the  most  various  devices  are  found  to  assure  the  regulation 
of  the  water  content  of  the  cells  of  the  body.  The  younger,  the  more 
vigorous,  the  more  alive,  the  more  actively  growing,  the  more  impres- 
sionable cells  are,  the  more  watery  are  they.  Perhaps  more  than  anyone 
else  the  French  physiologist,  Dubois,  has  emphasized  the  important  role 
of  water  in  life.  Table  I  gives  the  proportion  of  water  found  in  various 
kinds  of  tissues. 

Table  I.    Amount  of  Water  in  Vabiotts  Tissues. 

Oriran  Percentage  „  Percentage 

"'^S'"'  of  water  ""^sai  of  water 

Brain.     White  matter   68  Liver    (human)    76 

Brain.     Gray  matter 84  Cartilage   (hyaline)    67 

Brain      Embryonic   91  Thymus  -  ( ealf )     77 

Muscle    (mammalian)     73  Kidney  (child)   78 

Muscle    ( fish )     80  Suprarenal   gland    80 

Electrical   organ 92  Dentine 10 

Salts,  and  inorganic  elements. — One  would  very  naturally  expect 
that  living  matter  might  contain  some  very  rare,  peculiar  and  costly 
metal,  or  substance,  like  radium,  to  which  its  properties  might  be 
attributed.  But  quite  the  contrary  seems  to  be  the  case.  Besides  water, 
the  inorganic  constituents  of  protoplasm  are  salts,  and  they  are  among 
the  commonest  salts  on  the  surface  of  the  earth.  Sodium,  potassium, 
magnesium,  calcium,  iron,  sulphates,  chlorides,  phosphates  and  car- 
bonates are  essential  to  life  and  are  found  in  practically  all  living  matter. 
The  amount  of  these  various  inorganic  elements  differs  somewhat  in 
different  cells  and  tissues,  but  they  occur  in  all.  Other  common  elements 
are  sometimes   present,  such  as  iodine,  manganese,  copper,  zinc,  barium 
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or  silicon,  but  these  are  generally  confined  to  special  plants  and  animals. 
About  1  per  cent,  of  the  weight  of  the  protoplasm  is  composed  of  the 
salts  or  inorganic  metals  and  acids  mentioned  (Figure  3).  Furthermore, 
these  salts  are  not  mere  inert  substances,  they  are  not  simply  absorbed 
with  the  water  and  tolerated,  but  they  are  in  combination,  in  part  at 
least,  with  the  organic  matter  of  the  protoplasm.  They  are  not  simply 
clinkers  clogging  the  grates  of  the  protoplasmic  fires,  but  they  are  active 
in  the  production  of  the  vital  phenomena.    Indeed,  some  have  gone  so 


Fia.  3. — The  distribution  of  potassium  in  cells  after  Macallum.  (o)  striated  muscle; 
(b)  nucleated  blood  corpuscles ;  (c)  nerve  flber.  The  black  precipitate  represents  the 
potassium. 

far  as  to  believe,  as  we  shall  see,  that  by  means  of  the  electrical  charges 
they  bear  when  in  solution  they  vitalize  the  colloidal,  organic  substratum 
of  the  cell  and  make  it  alive.  Any  change  in  their  relative  proportions 
at  once  affects  the  activity  of  the  cell ;  thus  by  incrteasing  or  diminishing 
the  proportion  of  sodium,  calcium  or  potassium  skeletal  muscle  may  be 
made  to  twitch  rhythmically  or  to  remain  at  rest ;  nerve  impulses  may  be 
set  up  in  motor  nerves,  or  the  irritability  of  the  nerve  raised  or  lowered ; 
chromophores  of  fish  scales  may  be  contracted  or  expanded;  and  the 
activities  of  all  cells  increased  or  diminished.  Magnesium  sulphate  acts 
much  as  an  anesthetic  on  mammals,  but  paralyzes,  also,  the  endings  of 
the  motor  nerves  in  the  muscles.  Furthermore,  by  increasing  the  total 
amount  of  salt  in  protoplasm  many  cells  may  be  stimulated  and  egg 
cells  of  some  animals  caused  to  develop  parthenogenetically  without  the 
aid  of  sperm. 
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Thus  in  some  instances  94  per  cent,  of  living  matter  consists  of  noth- 
ing more  unusual  or  remarkable  than  water  and  the  commonest  salts. 

It  is  certainly  not  without  significance  that  living  matter  is  so  watery 
and  contains  the  salts  of  the  sea.  It  would  appear  probable  from  this 
that  living  matter  originated  either  in  the  sea  itself  or,  perhaps,  in  some 
pool  of  water  which  contained,  possibly  in  dilute  form,  the  common  salts. 
It  has  been  suggested  that  it  was  in  some  slowly-drying  volcanic  pool 
where  concentration  could  take  place,  and  where  cyanides  and  other 
similar  reactive  organic  compounds  might  have  been  formed  by  the 
vigorous  electrical  discharges  accompanying  the  eruptions,  that  living 
matter  first  appeared.  We  would  thus  have  sprung  from  the  thunder- 
bolts of  Jove,  if  this  theory  is  true ;  but  we  are,  at  any  rate,  the  children 
of  the  sun  and  the  sea,  of  Apollo  and  Aphrodite. 

The  organic  matter. — The  remainder  of  living  matter,  10  to  25  per 
cent,  by  weight,  is  organic.  This  organic  matter  is  found  to  consist 
of,  or  may  be  divided  for  purposes  of  convenience  into,  four  great  groups 
of  substances :  1,  substances  of  the  fat  group  soluble  in  alcohol  and  ether, 
called  lipins;  2,  substances  of  the  sugar  group,  carbohydrates;  3,  sub- 
stances containing  nitrogen,  carbon,  hydrogen  and  oxygen,  called  pro- 
teins; 4,  various  simple  substances  such  as  urea,  creatinine,  inosite, 
phenols,  etc.,  called  extractives,  because  they  are  soluble  in  water  by 
which  they  may  be  extracted  from  the  cell  when  the  latter  is  first 
coagulated.  In  muscle  the  relative  proportion  of  these  substances  is  as 
follows:  protein,  19  per  cent.;  carbohydrate,  0.3  per  cent.;  lipin,  3 
per  cent. ;  salts,  3  per  cent. ;  water,  75  per  cent.  In  the  following  chap- 
ters the  chemistry  of  each  of  these  great  groups  of  organic  substances, 
beginning  with  the  carbohydrates,  will  be  discussed. 


CHAPTER  II. 
THE  CARBOHYDRATES. 

Occurrence. — All  living  organisms,  except  the  most  simple,  which 
are  nothing  more  than  naked  masses  of  protoplasm,  consist  of  both 
living  and  lifeless  matter,  the  lifeless  having  been  formed  or  secreted 
by  the  living.  This  lifeless  matter  forms  the  greater  part  of  the  sup- 
porting framework,  or  serves  as  reserve  food.  In  plants  these  support- 
ing tissues,  or  reserve  foods,  consisting  of  the  cellulose  or  woody  parts, 
the  starches,  mucilages  or  gums,  such  as  that  which  exudes  from  the 
bark  of  the  cherry-tree,  are  composed  of  the  elements  carbon,  hydro- 
gen and  oxygen  and  belong  to  a  great  group  of  substances  known  as 
sugars  or  carbohydrates.  The  supporting  tissues  of  animals,  unlike 
those  of  plants,  contain  a  large  proportion  of  nitrogen  and  belong  gen- 
erally to  the  group  of  proteins,  although  chitin,  which  forms  the  hard 
shell  of  crabs  and  other  invertebrates,  contains  a  large  amount  of  carbo- 
hydrate (glucosamine).  But  it  is  not  only  as  the  supporting  tissues 
of  plants  and  animals  that  carbohydrates  occur.  They  are  found,  also, 
in  the  living  matter  itself,  making  part  of  the  chromatin  of  the  nucleus, 
or  distributed  as  glycogen  or  sugar,  free  or  combined,  through  the 
cytoplasm ;  and  it  is,  indeed,  largely  by  the  combustion  of  carbohydrate 
that  we  derive  our  energy.  Since  substances  of  this  class  are  the  simplest 
of  the  colloidal  materials  of  cells,  and  are  among  the  most  abundant 
organic  constituents  of  living  things;  since  they  are  formed  from  the 
inorganic  compounds  of  carbon  dioxide  and  water,  and  in  the  long  run 
all  the  energy  of  living  matter  comes  from  them,  and  since  both  the 
fats  and  proteins  originate  from  them,  a  study  of  the  organic  constitu- 
ents of  protoplasm  may  best  begin  by  a  study  of  their  composition  and 
chemical  nature. 

Definition. — The  carbohydrates  are  compounds  of  carbon,  hydrogen 
and  oxygen  occurring  in  animals  and  plants.  They  get  their  name  from 
the  fact  that  in  the  majority,  though  not  in  all,  the  hydrogen  and  oxygen 
are  in  the  proportion  of  two  atoms  to  one,  that  is,  they  are  in  the  same 
proportion  as  in  water ;  and,  indeed,  by  ihe  action  of  heat.  Or  of  strong 
dehydrating  agents,  they  are  split  into  carbon  and  water,  as  in  the 
process  of  making  charcoal  or  in  the  charring  of  sugar.  The  formula 
of  glucose,  a  typical  carbohydrate,  is  CgHuOa.  But  while  in  the  ma- 
jority of  the  naturally  occurring  members  of  this  group  the  hydrogen 
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and  oxygen  are  in  this  proportion,  in  some  cases,  as  in  rhamnose, 
C0H12O5,  a  methyl  pentose,  they  have  not  this  proportion.  Many  sub- 
stances, also,  have  hydrogen  and  oxygen  in  this  proportion  which  are 
not  carbohydrates,  such  as  lactic  acid,  C3H5O3,  or  acetic  acid,  C2H4O2, 
which  differ  from  the  carbohydrates  in  their  chemical  properties.  Many 
of  the  carbohydrates  have  a  sweet  taste,  although  some  substituted  mem- 
bers of  the  group  among  the  glucosides  are  intensely  bitter,  and  polysac- 
charides may  be  tasteless.  When  pure  they  are  white;  some,  like  cane 
sugar,  crystallize;  others,  like  starch,  are  colloidal  and  do  not 
crystallize. 

The  chemical  properties  of  carbohydrates  characterize  them  as  well 
as,  or  better  than,  their  composition.  All  of  the  simpler  ones  readily 
oxidize.  They  are,  hence,  reducing  substances  and  a  large  part  of  the 
reducing  powers  of  protoplasm  are  due,  in  the  long  run,  to  these  sub- 
stances. They  reduce  ammoniacal  silver  nitrate,  or  alkaline  solutions 
of  mercury,  copper,  gold  or  bismuth  salts.  On  the  other  hand,  they  have 
oxidizing  properties  too.  They  will  absorb  nascent  hydrogen,  uniting 
with  it  and  oxidizing  the  substance  from  which  the  hydrogen  is  taken. 
The  simultaneous  possession  of  these  and  other  properties  shows  that 

H 

they  contain  aldehyde,  or  ketone,  groups,  — C=0  or  =0=0,  in  the 
molecule.  Either  of  these  groups  can  take  up  hydrogen  yielding  an 
alcohol;  or  by  oxidation  go  over  into  a  carboxyl  group,  R — C — OH. 

O 

The  simplest  carbohydrates,  therefore,  are  aldehydes  or  ketones,  and 
they  form  accordingly  two  groups :  aldoses  and  ketoses.  Their  reaction 
in  aqueous  solution  is  neutral  to  the  usual  indicators,  but  they  possess, 
nevertheless,  very  weak  acid  and  basic  characters,  being  very  weak 
amphoteric  compounds.  Thus  they  contain  some  hydrogen  which  may 
be  replaced  by  a  metal,  such  as  lead,  or  sodium,  and  they  are  thus  able 
to  neutralize,  to  a  slight  extent,  the  causticity  of  sodium  hydrate.  They 
are  to  this  extent  acids,  though  they  lack  the  acid  taste.  This  acid 
property  is  due  to  the  fact  that  they  contain  alcohol  groups,  all  alcohols 
behaving  like  very  weak  acids,  since  the  alcohol  hydrogen  may  be,  in 
part,  replaced  by  a  metal.  They  are,  however,  very  weak  acids.  The 
number  of  hydrogen  ions  in  their  solutions  is  very  small,  smaller  than 
in  solutions  of  carbon  dioxide  of  equal  concentration.  The  dissociation 
constant  of  every  sugar  is  very  small.    By  the  dissociation  constant  is 

C,  XC2 
meant  the  value  K,  where  K= — ^^ — ;  Cj  is  the  concentration  of  hydro- 

gen  ions,  Cg  the  concentration  of  the  sugar  anion  and  C3  the  concentra- 
tion of  the  undissociated  molecule.    The  dissociation  constant  of  glucose 
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at  18°  is  5.9X10-"  (Osaka)  or  3.6XlO-i*  (Madsden) ;  that  of  sac- 
charose is  1.14X10-^*  (Madsden),  or  2.4X10-'^  (Michaelis  and  Bona) ; 
maltose  is  ISXIO"^^  (Michaelis  and  Rona)  ;  and  levulose  is  8.8X10-" 
(Michaelis  and  Rona).  With  bases  such  a  sugar  as  glucose  will  react 
according  to  the  following  equation: 

CH    O  +NaOH  =  CH    ONa  +  HO 

6      12     6     '  6     XI     6  '2 

The  sugars  are,  then,  alcohols  as  well  as  aldehydes  or  ketones.  They  are 
polyhydric  alcohols  having  one  alcohol  group  attached  to  each  carbon 
atom,  but  that  of  the  aldehyde  or  ketone  group. 

Their  basic  properties  are  due  to  the  oxygen  of  the  aldehyde.  By 
the  aldehyde  oxygen  they  have  the  property  of  uniting  with  acids  to  form 
so-called  oxonium  salts,  but  this  union  is  easily  dissociated,  the  basicity 
being  very  weak. 

C,H,  O  +  HCl  =.C  H,  0  .HCl 
6    12    e   '  6    12   e 

The  carbohydrates  may,  then,  be  defined  thus :  They  are  compounds 
of  carbon,  hydrogen  and  oxygen,  the  oxygen  and  hydrogen  being  often 
but  not  always  in  the  proportion  to  form  water;  and,  further,  they  are 
aldehyde  or  ketone  derivatives  of  polyhydric  alcohols.  Their  properties 
are  probably  due  to  the  juxtaposition  of  an  alcohol  and  an  aldehyde  or 
ketone  group. 

The  aldehyde  structural  formula  for  dextrose  is 
OH   OH   OH  OH  OH   H 

H  — C  — 0  — C  — C  — 0  — C  =  0; 

^      i      k     i     ^ 

and  the  formula  for  the  ketose,  levulose,  is 

OH  OH   OH   OH   O      H 

„      i       I        I        I        "       1 

H  — C  — C  — C  — C  — C  — C  — OH. 

Classification. — It  is  convenient  to  divide  the  carbohydrates  into 
three  great  classes  according  as  their  molecules  contain  one,  two  or 
several  saccharide  (simple  carbohydrate)  groups.  These  classes  are 
the  monosaccharides,  the  disaccharides  and  the  polysaccharides.  The 
members  of  the  first  two  groups  are  generally  crystalline  bodies;  but 
many,  though  not  all,  of  the  last  group  are  colloidal  in  aqueous  solu- 
tion. The  more  important  monosaccharides  found  in  nature  are 
d  glucose,  or  grape  sugar,  or  dextrose  as  it  is  also  called;  d-levulose,  or 
fiTiit  sugar;  galactose;  xylose;  arabinose;  mannose;  and  d-ribose.  The 
disaccharides  are  saccharose,  or  sucrose,  as  cane  sugar  is  also  called; 
lactose,  or  milk  sugar ;  and  maltose,  or  malt  sugar.  The  common  polysac- 
charides are  cellulose,  gums,  dextrins,  starches  and  glycogen. 

The  monosaccharides  are  in  their  turn  classified  by  the  number  of 
carbon  atoms,  or  more  properly  by  the  aldehyde,  ketone  and  alqohol 
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groups  they  contain  into  bioses,  trioses,  tetroses,  pentoses,  hexoses, 
heptoses,  octoses,  nonoses,  etc.  Of  these  the  first  six  are  found  in 
nature,  but  the  hexoses  are  the  more  abundant.  Each  of  these  groups 
from  the  trioses  on  is  subdivided  into  two  groups,  the  aldoses  and  ketoses, 
according  as  they  are  aldehydes  or  ketones.  Thus  mannose,  dextrose 
and  galactose  are  hexose  aldoses  having  the  general  formula,  CeHiaOgj 
levulose  is  a  ketose  hexose;  ribose  and  xylose  are  pentose  aldoses, 
CjHinOr, ;  of  the  trioses,  glycerose,  CaHjOg,  is  an  aldose,  while  dioxyace- 
tone  is  a:  ketose. 


I.  ^ONOSACCHAKIDBS 


CARBOHYDRATES      ^  II.  DISACCHARIDES 


1 

Bioses. 

Aldose.  Olycolaldehydt. 

2 

Trioses. 

j  Aldoses.  Olyceroie. 
( Ketoses.  DioxyaeeUmt. 

3. 

Tetroses. 

j  Aldoses.  En/throse. 
1  Ketoses.  d-Erythrulote. 

4. 

Pentoses. 

(Aldoses.  Arabinote,xylote, 

<                 riiose. 

( Ketoses.  l-AraUnulose. 

5. 

Hexoses. 

(Aldoses.  Dextrose,    galaeton 

J.                   mannose. 

1  Ketoses.  Levulose,  sorbose. 

.6- 

Heptoses. 

Aldoses.  d-Mannohepiose. 

•1. 

Lactose. 

(Glucose  -1-  galactose.) 

2. 

Maltose. 

(Glucose  ■\-  glncose.) 

3. 

Saccharose. 

(Glucose  +  levulose.) 

■i. 

I'rehalose. 

(Glucose  -|-  glucose.) 

.5- 

Melibiose. 

(Galactose  +  glucose.) 

III.  POLYSACCHARIDES  • 


( Melitose  (Raffinose)  in  mo* 
I      lasses. 

1.  Trisaccharides.  -{  Meliiitose.    (Pinus  larix.) 

I      (Levulose  +  glucose  -f- 
I,        galactose.) 

2.  Tetrasaccbarides.  I/upeose  in  peas;  itachyose, 

(Lupeose  cousists  of  two 
molecules  of  galactose, 
one  of  glucose,  and  one 
of  levulose.) 

Dextrint, 


3.  Colloidal  polysaccharides. 


Qlycogen. 
Cellulose. 
Starch. 
Mucilages. 
Qums. 
I.  InvXin. 


Monosaccharides.  Structural  formulas.  Isomerism.  Optical 
properties. 

a.    Hexoses. 

Analysis  of  glucose,  galactose  and  mannose  shows  that  they  all  con- 
tain the  same  proportion  of  carbon,  hydrogen  and  oxygen;  a  propor- 
tion corresponding  to  the  formula :  C^B-^^O^.  They  have  also  the  same 
chemical  properties  showing  that  all  of  them  are  aldehydes  and  poly- 
hydric  alcohols.  "When  chemical  compounds  have  the  same  chemical 
atoms  in  their  molecules  in  the  same  proportions  they  are  called  isomers; 
or  are  said  to  be  isomeric  with  each  other.  Thus  lactic  acid,  C3H0O3, 
and  dioxyacetone,  CaHgOg,  are  isomers.    When,  in  addition  to  having 
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the  same  number  of  atoms  of  the  same  kind  in  the  molecule,  these  atoms 
are  arranged  in  the  same  general  way  so  that  the  chemical  nature  of 
the  substances  is  the  same,  then  those  substances  are  said  to  be  stereo- 
isomeric,  a  word  which  means  "  having  a  like  form  "  (Greek,  stereos, 
solid) .  Since  mannose,  galactose  and  dextrose  are  all  of  them  aldoses  and 
polyhydric  alcohols- their  molecules  must  be,  on  the  whole,  very  similar ;  they 
are,  therefore,  stereo-isomers.  Their  molecules  differ  only  in  their  forms 
and  we  may  now  examine  how  these  molecules  may  differ  in  their  shape. 
This  brings  us  to  one  of  the  most  important  subjects  in  the  whole  of 
physiological  chemistry,  namely,  the  subject  of  the  shapes  of  molecules; 
in  the  pages  which  follow  we  shall  find  many  examples  illustrating  the 
importance  of  molecular  form  in  vital  processes  of  all  kinds. 

The  proof  that  the  atoms  in  a  molecule  occupy  definite  positions, 
so  that  the  molecule  has  a  definite  shape,  was  one  of  the  most  beau- 
tiful and  fundamental  discoveries  of  Pasteur,  made  while  he  was  still 
a  very  young  man,  in  1848 ;  and  since  this  discovery  is  at  the  bottom 
of  all  the  beautiful  science  of  molecular  form  which  has  beeQ  built 
upon  it,  and  as  the  importance  of  this  molecular  property  is  showing 
itself  in  every  field  of  biological  work,  it  is  fitting  that  we  consider 
Pasteur's  work  at  some  length.  Pasteur  had  been  greatly  interested 
in  crystalline  form.  Why  do  substances  crystallize  in  definite  shapes? 
Among  the  substances  of  an  organic  nature  which  gave  very  fine,  large 
crystals,  tartaric  acid  and  its  salts  were  noteworthy.  Now  there  were 
two  kinds  of  tartaric  acid  known  to  Pasteur,  the  ordinary  tartaric 
acid,  the  acid  of  wine,  which  Biot  had  shown  to  be  dextro-rotatory, 
i.e.,  its  solutions  had  the  property  of  rotating  the  plane  of  polarization 
of  polarized  light  to  the  right ;  and  another  kind  of  tartaric  acid  found 
by  Kastner  and  called  racemic  acid  {L.  racemus,  a  bunch  of  grapes) 
of  the  same  composition  as  the  other  but  which  had  no  action  at  all 
on  polarized  light.  It  and  its  salts  were  inactive.  Pasteur  undertook 
to  study  the  crystalline  forms  of  these  two  acids,  tte  expected  to  find 
tliat  racemic  acid  would  have  a  different  crystalline  form  from  the 
ordinary  dextro-rotatory  tartaric  acid.  He  found,  however,  that  when 
the  sodium-ammonium  salt  of  the  inactive  (racemic)  acid  was  crystal- 
lized below  28°  crystals  of  the  same  shape  as  those  of  the  correspond- 
ing salt  of  the  dextro  acid  appeared.  On  looking  at  the  crystals 
more  closely,  however,  he  found  that  there  were  in  reality  among  the 
crystals  of  sodium-ammonium  racemate  crystals  of  two  different  kinds 
which  are  illustrated  in  Figure  4.  These  crystals  were  exactly  alike 
with  the  exception  of  a  small  facet,  o',  and  the  corresponding  facet 
diagonally  opposite  to  it.  These  two  facets  were  so  placed  in  these  two 
kinds  of  crystals  that  the  crystals  would  not  correspond  if  superimposed 
one  on  the  other.    In  the  one  kind  of  crystal  the  facet  was  on  the  right 
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side  as  it  was  in  the  dextro-tartaric  acid;  while  in  the  other  form  of 
crystal  it  was  on  the  left  side.  The  crystals  were  not  symmetric,  they 
were  asymmetric  and,  as  it  were,  mirror  images  of  each  other. 

He  separated  these  two  forms  of  crystals  and  thinking  that  they 
might  show  diiferent  optical  properties  he  dissolved  them  and  exam- 
ined the  solutions  in  the  polariscope.  To  his  great  joy,  he  found  that 
the  solution  of  the  one  form  now  rotated  the  plane  of  polarization  to 
the  right ;  while  the  solution  of  the  other  form  rotated  it  to  the  left.  This 
great  discovery  showed  at  once  that  crystalline  form  must  depend  on 
molecular  form,  because  in  the  solution  the  molecules  were  separated  and 
the  crystalline  form  had  disappeared,  but  the  asymmetrical  action  on 
light  persisted.    The  action  of  the  solution  on  light  showed  that  the  indi- 


li^ 


r.  1. 

Fig.  4. —  Two  forms  of  crystals  of  levo  and  dextro  tartaric  acid  (Landolt). 


vidual  molecules  must  be  of  two  different  forms,  a  dextro-rotatory  and  a 
levo-rotatory  form.  The  molecules  of  tartaric  acid  must  be  asymmetrical, 
just  as  the  crystals  were  asymmetrical.  The  discovery,  of  course,  cleared 
up  at  once  the  difference  between  the  two  kinds  of  tartaric  acid.  It 
showed  that  there  were  at  least  three  different  forms  of  tartaric  acid,  the 
dextro-rotatory,  the  levo-rotatory  and  the  third,  or  racemic,  form  which 
was  composed  of  equal  amounts  of  the  other  two  kinds  and  which  was 
inactive  on  light.  Pasteur  afterwards  discovered  a  fourth,  the  meso- 
tartaric  acid.  By  this  discovery  of  Pd,steur  we  know  that  the  shapes  of 
molecules  may  be  asymmetric,  and  that  the  atoms  of  these  molecules  do 
not  easily  rearrange  themselves,  for  if  they  did  the  molecule  would 
readily  pass  from  the  one  form  to  the  other.  It  is  one  of  the  most  funda- 
mental discoveries  in  physics  or  chemistry. 

The  difference  in  shape  of  the  molecules  of  the  two  forms  of 
tartaric  acid  was  made  more  precise  many  years  later,  practically 
coincidently,  in  1874  by  LeBel  and  vah  't  Hoff.  They  actually  pictured 
the  possible  arrangement  of  the  atoms  in  the  molecule  by  which  the 
asymmetry  was  produced.  If  the  carbon  atom  is  represented  as  lying 
at  the  center  of  a  tetrahedron,  of  which  the  apices  represent  the  position 


22 


PHYSIOLOGICAL   CHEMISTRY 


of  the  four  atoms  attached  to  the  carbon  atom,  it  becomes  possible  to 
picture  the  different  arrangements  of  the  atoms  causing  the  asymmetry. 
This  is  illustrated  in  Figure  5.  If  the  four  atoms  or  atomic  groups 
attached  to  the  carbon  atom  are  all  different,  as  they  are  in  the  case  of 
iodo,  ehlor,  brom,  methane,  CHIClBr,  then  it  is  possible  to  arrange  these 
atoms  in  two  different  ways,  as  is  shown  in  the  figure,  the  two  tetrahe- 
drons not  being  superimposable,  but  being  mirror  images  of  each  other. 
If,  however,  two  of  the  atom  groups  attached  to  the  carbon  are  the  same, 


<-^ 


FlO.  S. 


then  it  is  impossible  so  to  arrange  them  that  the  tetrahedrons  will  not 
be  superimposable.  Methane,  chlor-  or  dichlorbrom-methane  can  have 
but  one  form,  a  symmetrical  one.  A  carbon  atom,  then,  with  four 
different  atoms  or  atomic  groups  attached  to  it  is  said  to  be  asymmetrical, 
since  it  produces  an  asymmetrical  crystalline  and  molecular  form,  and 
an  asymmetrical  action  on  polarized  light.  The  atomic  groups  about 
such  a  carbon  atom  may  have  two  different  arrangements.  Asymmetric 
carbon  atoms  in  the  sugar  molecules  illustrated  on  page  28  are  printed 
in  black-face  type.  Not  all  compounds  with  asymmetric  carbon  atoms 
rotate  the  plane  of  polarized  light,  since  in  some,  of  which  mesotartaric 
acid  is  an  example,  compensation  may  occur,  some  atoms  rotating  the 
plane  of  polarized  light  in  one  direction;  while  others  rotate  it  in  an 
opposite  direction:  the  total  effect  of  the  molecule  on  light  being  nil. 
Most  compounds  with  asymmetric  carbon  atoms,  however,  exist  in  two 
forms,  one  dextro-  the  other  levo-rotatory. 

The  various  forms  of  tartaric  acid  (stereo-isomers)  may  be  repre- 
sented as  follows,  the  asymmetric  carbon  atoms  being  printed  in  black- 
face type: 

COOH  COOH 

H  — C  — OH  HO  — C  — H 

HO  — 0  — H  H  — C  — OH 

COOH  COOH 

d — Tartaric  acid  1 — Tartaric  acid 


COOH 

H  — C  — OH 

H  — C  — OH 

COOH 
Meso-tartaric  acid   (Inactive). 


Eacemic  acid  (Inactive). 
All  compounds  having  an  asymmetric  carbon  atom  in  them  may 
exist,  therefore,  in  two  different  forms,  these  forms  beins  stereo-isomeric 
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forms  and  also  optical  antipodes.  One  of  these  optical  isomers  rotates 
the  plane  of  polarized  light  in  the  one  direction,  just  as  much  as  its 
antipode  rotates  it  in  the  other  direction.  The  physical  and  chemical 
properties,  such  as  the  melting  points  and  solubility  in  symmetrical 
solvents,  of  these  two  antipodes  are  almost  or  quite  the  same.  Stereo- 
isomers which  are  not  optical  antipodes  generally  have  different  melting 
and  boiling  points  and  solubilities.  The  separation  of  the  optical 
antipodes  can  be  accomplished  by  picking  out  the  crystals  in  the  way 
Pasteur  did  in  a  few  instances ;  or  by  the  different  solubilities  of  their 
compounds  with  other  optically  active  substances;  or  by  the  action  of 
moulds,  yeasts  or  other  living  organisms  which  often  destroy  one,  but 
not  the  other  antipode.  The  mould,  penicillium  glaucum,  destroys  the 
dextro-  but  not  the  levo-tartaric  acid. 

In  the  figure  which  has  been  given  of  the  possible  shape  of  the 
molecule  (Figure  5),  one  might  suppose  that  the  atoms  in  the  molecule 
were  far  apart,  in  which  case  it  would  be  difScult  to  see  why  the 
molecule  should  keep  its  form.  The  figure  is,  however,  probably  incor- 
rect in  this  particular.  The  attraction  between  the  atoms  of  a  molecule 
is  so  great  that  they  probably  lie  closely  packed  together  and  with 
very  little  freedom  of  movement  beyond  that  of  minute  vibration  about 
a  center.  The  amount  of  this  vibration  and  the  space  at  the  disposal 
of  the  atoms  becomes  somewhat  greater  as  the  temperature  rises,  since 
there  is  good  reason  for  believing  that  molecules  expand  with  a  rise  in 
temperature,  although  the  expansion  is  not  very  great.  The  pressures 
due  to  molecular  and  atomic  attractions  on  the  surfaces  of  molecules 
are  enormous.  Thus  the  pressure  called  the  internal  pressure  of  a  liquid 
or  a  gas,  which  is  due  to  molecular  cohesion,  or  the  attraction  between 
the  molecules,  is,  at  zero  centigrade  in  ether,  about  2,000  kilograms 
per  square  centimeter,  and  it  increases  considerably  at  temperatures 
below  this.  Now  the  attraction  between  the  atoms  within  the  molecule 
is  certainly  many  times  greater  than  the  attraction  between  the  molecules, 
although  it  is  not  yet  known  just  how  great  it  is.  By  this  attraction, 
therefore,  the  atoms  within  the  molecules  will  be  under  a  compression 
certainly  of  many  thousands  of  kilograms  per  square  centimeter  in 
addition  to  the  cohesive  pressure.  It  is  not  impossible  that  the  pressure 
driving  together  the  atoms  of  a  molecule  may  be  more  than  a  hundred 
thousand  kilograms  per  square  centimeter.  It  is  not  probable  that  this 
pressure  is  distributed  evenly  over  the  molecule,  since  some  atoms  are 
held  more  firmly  than  others.  So  great  a  pressure  as  this  must  cer- 
tainly drive  the  atoms  of  the  molecule  very  close  together  so  that,  at 
relatively  low  temperatures  at  least,  the  molecules  must  have  the  prop- 
erties of  rigid  solids  with  the  atoms  having  very  little  poT^er  of  move- 
ment.    Theoretically,  however,  they  will  always  have  some  movement 
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at  temperatures  above  absolute  zero,  and  so  the  molecules  above  this 
temperature  are  not  absolutely  incompressible.  Of  course  at  higher 
temperatures  as  the  molecules  separate  this  pressure  is  reduced  and 
in  some  cases  the  attraction  between  particular  atoms  of  a  compound 
is  less  than  that  stated.  Greater  mobility  of  the  atoms  exists  in  such 
molecules  so  that  the  atoms  may  shift  their  positions,  undergoing  what 
is  known  as  a  tautomeric  change.  It  is  not  surprising,  however,  that 
subjected  to  such  high  pressures  the  atoms  of  a  molecule  generally 
arrange  themselves  in  the  position  of  greatest  stability  and  if,  tempo- 
rarily, they  take  unstable  positions,  they  may  undergo  rearrangement. 
Such  molecular  rearrangements  are  by  no  means  uncommon.  The 
racemization  of  optically  active  compounds  is  such  a  process  of  atomic 
rearrangement. 

Molecular  form  is  of  fundamental  importance  throughout  living  na- 
ture. Most  naturally  occurring  organic  compounds  are  asymmetric  and 
usually  only  one  of  two  possible  isomers  occurs  in  any  organism.  Of 
the  optical  isomers  of  any  amino  acid  or  carbohydrate  only  one  gen- 
erally will  serve  to  nourish  an  organism,  or,  if  both  are  foods,  one  is 
usually  better  used  than  the  other.  The  enzymes,  or  catalytic  agents, 
will  only  act  on  compounds  of  a  very  particular  molecular  form.  Yeast 
will  ferment  d-glucose,  d-mannose  or  d-fructose,  all  of  which  have  the 
same  configuration  of  the  last  three  carbon  atoms,  but  it  will  not  ferment 
1-fructose,  or  1-gIucose,  or  1-mannose,  or  1-galactose.  The  phenomena  of 
immunity,  such  as  specific  antitoxins,  precipitins  and  anaphylaxis,  also 
involve  molecular  form.  Protein  which  has  been  racemized  by  the 
action  of  sodium  hydrate  will  no  longer  cause  anaphylaxis.  In  the 
very  accurate  and  specific  adjustment  of  the  spermatozoon  to  the  ovum, 
an  adjustment  so  accurate  that  a  spermatozoon  will  usually  only  fer- 
tilize the  eggs  of  its  own  species,  it  is  probable  that  the  form  of  the 
molecules  of  sperm  and  eggs  are  in  some  manner  related  or  adjusted 
to  each  other.  In  fact,  the  whole  living  world  is  an  asymmetric  world ; 
the  development  of  different  species  and  varieties  probably  depends 
on  asymmetric  molecules,  since  animal  forms,  like  the  forms  of  crystals, 
must,  in  the  last  analysis,  be  but  the  expression  of  the  forms  of  the 
molecules  of  which  the  protoplasm  is  composed. 

Molecular  asymmetry  may  be  most  easily  detected  by  means  of 
the  action  of  the  molecules  on  polarized  light.  When  polarized  light, 
that  is  light  which  has  passed  through  a  Nicol's  prism,  passes  through 
a  solution  of  a  substance  of  which  the  molecules  are  asymmetrical  it 
is  acted  upon,  so  that  the  plane  of  polarization  of  the  light  on  emer- 
gence from  the  solution  does  not  coincide  with  the  plane  of  polarization 
of  the  entering  light.  The  plane  of  polarization  has  been  rotated  to 
one  side  or  the  other,  the  degree  to  which  it  is  rotated  depending  on 
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the  kind  of  molecules  and  the  number  of  molecules  the  light  has  passed. 
It  is  dependent,  in  other  words,  upon  the  concentration  and  the  length 
of  the  tube.  It  is  also  dependent  upon  the  wave  length  of  the  light.  The 
plane  of  polarization  of  blue  light  is  rotated,  for  some  substances,  about 
twice  as  much  as  that  of  yellow  light  by  the  same  molecules.  Hence  one 
uses  always  monochromatic  light  and  the  degree  of  rotation  is  gener- 
ally expressed  for  sodium  light  for  a  concentration  of  one  gram  of 
substance  in  a  cubic  centimeter  of  solution  and  for  a  tube  one  decimeter 
in  length.  This  angle  is  called  the  specific  rotatory  power  of  the  sub- 
stance. Temperature  also  affects  the  degree  of  rotation.  In  general  the 
higher  the  temperature,  the  lower  the  rotation.  It  is  usual  to  give  the 
specific  rotation  at  or  near  20°  C.  The  specific  rotatory  power  as  just 
described  (a)  is  written  as  follows: 

(«)d 

Since  for  many  substances  the  specific  rotatory  power  varies,  also, 
with  the  concentration  of  the  solute  and  the  character  of  the  solvent, 
it  is  desirable  to  give  these  data  also,  (a)  in  the  above  formula  is 
the  angle  of  rotation  which  the  plane  of  polarization  of  the  D  line  of 
the  spectrum  (sodium)  would  undergo  in  passing  through  1  dm.  of  a 
solution  containing  one  gram  of  substance  to  one  cubic  centimeter  at 
20°  C. 

The  specific  rotatory  power  is  calculated  from  the  angle  of  rotation 
produced  by  a  solution  of  known  strength  in  a  tube  of  known  length. 
The  formula  is  as  follows : 

,  v20°     a.lOO  ,  ,20°    a.lOO 

a  being  the  observed  angle  of  rotation  at  20°  C. ;  1,  the  length  of  the 
tube  in  decimeters;  c,  the  number  of  grams  of  active  substance  in  100 
c.c.  of  solution ;  p,  the  number  of  grams  of  active  substance  in  100  grams 
of  solution;  and  d,  the  density.  pd=c.  (a)  is  the  specific  rotatory 
power. 

Just  how  molecules  with  asymmetric  carbon  atoms  rotate  the  plane 
of  polarization  of  light  is  not  yet  understood.  It  would  seem  necessary 
for  the  light  to  pass  through  all  the  molecules  in  one  direction,  in  order 
that  the  actions  of  the  different  molecules  should  coincide  and  not  neu- 
tralize each  other.  If  this  is  so,  polarized  light  must  orient  the  molecules 
and  perhaps  the  molecular  asymmetry  enables  the  light  waves  to  do  this. 
If  the  molecules  of  an  asjTumetric  substance  in  solution,  or  in  a  liquid, 
are  thus  oriented  by  light  so  that  all  the  molecular  axes  coincide,  then 
the  conditions  in  such  a  solution  might  approximate  to  those  in  a  crystal ; 
the  magnetic  properties  of  the  molecules,  if  they  have  any,  should  coin- 
cide and  might  be  detectable.    This  very  interesting  and  fundamental 
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problem  remains  for  future  investigation.  The  reason  why  a  rise  in 
temperature  diminishes  the  rotatory  power  would  also  be  clear;  since 
by  heat  the  molecular  vibration  increases  and  presumably  it  would  be 
more  difficult  to  hold  the  molecular  axes  in  line.  Thus  increasing  the 
temperature  should  diminish  the  rotatory  power  for  the  same  reason 
that  increasing  the  temperature  of  iron  diminishes  its  magnetism,  i.e., 
by  destroying  molecular  orientation. 

The  rotation  of  the  plane  of  polarization  may  be  due  to  the  fact 
that  the  vibrations  of  some  of  the  valence  electrons  occur  more  easily 
in  some  planes  than  in  others. 

The  Polariscope. — The  Polariscope  is  used  to  measure  the  rotatory  power. 
Figure  6.  In  this  instrument  the  light  of  a  sodium  flame,  produced  by  heating 
sodium   chloride   or   bromide,   is   first   passed   through   a   light   filter   of   potassium 


FIQ.  6. — Polariscope  (Landolt).  A,  lens;  B,  polarizing  Nicol  prism;  O,  arm  to  rotate 
the  polarizer ;  D,  quartz  plate ;  B,  analyzing  prism  mounted  so  that  It  rotates  with  the 
circle  O  which  is  marked  In  degrees ;  F,  the  observing  telescope ;  J,  the  vernier  for  reading 
the  rotation,  and  E,  telescopes  for  increasing  the  accuracy  of  reading.  The  tube  con- 
taining the  solution  goes  between  the  analyzer  and  polarizer,  the  cover  of  this  space  being 
shown  open.  The  quartz  plate,  D,  is  replaced  In  the  Llppich  typt-  polarlmeters  by  the 
small  NIcoVb,  B  and  0,  Bhown  In  Fio.  da. 

bichromate  to  remove  extraneous  rays,  and  then  is  plane  polarized  by  passing 
through  a  Nieol  prism  or  a,  Glan-Thompson  prism  of  Iceland  spar,  called  the 
polarizer  (B,  Figure  6).  The  light  then  passes  through  the  solution  and  then  through 
another  Nicol  prism,  E,  called  the  analyzer,  which  is  so  mounted  that  it  can  be 
rotated  about  an  axis.  The  light  on  emerging,  from  the  polarizer  is  plane  polarized 
in  a  plane  at  right  angles  to  the  optical  section  of  the  Nicol  prism.  When  this  light 
passes  through  a  solution  of  an  active  substance  such  as  glucose,  the  plane  of  polar- 
ization is  rotated,  or  bent,  at  an  angle  to  the  right  or  to  the  left.  If  the  analyzing 
prism  is  so  placed  that  its  optical  section  corresponds  to  that  of  the  polarizer,  the 
light  passes  through  it  to  the  eve  without  change;  if,  however,  its  optical  section  is 
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Ht  an  angle  with  that  of  the  polarizer  the  light  from  the  latter  is  split  into  two 
rays,  one  of  which  is  reflected,  so  that  only  part  of  the  light  passes  to  the  eye  and 
the  field  is  less  light  than  when  the  optical  sections  coincided;  and  when  the  angle 
of  the  optical  section  of  the  analyzer  is  at  right  angles  to  that  of  the  polarizer,  no 
light  at  all  comes  through  it,  all  being  reflected,  at  the  plane  of  section  of  the  prism, 
to  the  side  where  it  is  absorbed  by  black  surfaces.     The  field  is  then  dark.    If  the 


Fig.   6a. — Arrangement  of   the   polarizer  with   two   accessory   Nlcols   to   give  a   three 
divided  Add   (Landolt).     (Llpplcb   type  polarlmeter) . 


analyzer  is  placed  at  the  point  of  total  absorption  of  the  light  this  may  Be  taken 
as  the  zero  point.  If  now  an  active  solution  is  placed  between  the  analyzer  and  the 
polarizer  the  plane  of  polarization  of  the  light  emerging  from  the  polarizer  is  twisted 
to  one  side,  hence  the  vibrations  of  the  light  entering  the  analyzer  are  no  longer  in 
the  plane  of  the  optical  axis,  in  which  case  they  would  be  totally  reflected,  but  they 
are  at  an  angle  with  that  so  that  more  or  less  of  the  light  comes  through.  It  is  neces- 
sary to  rotate  the  analyzer  to  one  side  or  the  other  to  again  produce  the  complete 
absorption  of  the  light.  If  it  is  necessary  to  rotate  to  the  right,  the  substance  is  said 
to  be  dextro-rotatory.  In  order  to  make  the  polariscope  more  sensitive  it  is  common, 
in  the  better  instruments,  to  introduce  close  to  the  polarizer  and  between  it  and  the 
solution  two  small  prisms,  Nieols,  so  placed  that  they  project  with  a  sharp  edge 
partly  across  the  circular  field.  These  prisms  are  fixed,  and  their  edges  are  focussed 
by  the  observing  telescope.  This  has  the  effect  of  dividing  the  field  of  view  into 
three  parts  as  shown  in  Figure  6a.  At  the  zero  point  these  three  fields  should  have 
the  same  illumination.  The  advantage  of  this  is  that  the  zero  end  point  is  more 
sharply  determined,  since  the  shade  of  the  three  fields  may  be  matched  very  exactly. 
Some  instruments  have  three  prisms  in  addition  to  the  Nicol  polarizer,  giving  a 
four  divided  field.  These  instruments  are  called  two,  three  or  four  shadow  instru- 
ments respectively.  In  using  the  polariscope  it  is  essential  that  the  light  should  be 
uniform  in  the  field,  of  a  maximum  brightness,  it  should  be  carefully  centered 
through  the  apparatus  and  into  the  eye,  and  the  polarizer,  C,  should  be  turned  to  a 
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inininium  angle  which  it  is  possible  to  read  clearly.  If  colored  solutions  are  to  be 
examined,  it  is  necessary  to  select  a  colored  light  which  is  not  absorbed  by  the  solu- 
tion. A  mercury  lamp  is  useful  as  a  source  of  light  when  combined  with  the  proper 
light  filters. 

We  may  now  return  to  the  problem  of  the  way  in  which  we  shall 
represent  on  a  plane  surface  the  fact  that  several  aldose  sugars  of  the 
general  formula  CaHi^Og  are  known.  How  shall  the  different  structures 
of  these  molecules  be  pictured  ?  A  careful  study  of  the  possible  arrange- 
ments of  the  atoms  in  the  molecule  shows  that  there  are  eight  different 
aldose,  hexose,  stereo-isomeric  carbohydrates  possible,  depending  on  the 
arrangement  of  the  hydrogens  and  hydroxyls  in  the  chain,  and  that 
there  are  two  optical  antipodes  of  each  of  these  stereo-isomers,  making 
sixteen  possible  aldose  hexoses  in  all.  Not  all  of  these  have  been  found 
in  nature.  It  will  be  seen  that  there  are  four  asymmetric  carbon  atoms 
in  each  hexose  molecule.  The  number  of  possible  stereo-isomers  of  any 
substance  may  be  found  from  the  formula:  Number=2'',  where  n  is  the 
number  of  asymmetric  carbon  atoms  in  the  molecule.  Some  of  the 
structural  formulas  of  the  sixteen  aldose  hexoses  and  ketose  hexoses  are 
given  below.  Their  different  structures  are  represented  on  a  plane 
surface  by  writing  the  formulas  with  the  aldose  group  at  the  top  and 
the  alcohol  and  hydrogen  atoms  variously  placed  at  the  sides  of  the 
carbon  atoms. 


COH 

HfJOH 

HOCH 

HCOH 

HCOH 

CH  OH 

2 

d-glucose. 


COH 
HOCH 

HCOH 
HOCH 
HOCH 
OH  OH 

2 

1-gIucose. 


COH 
HCOH 
HOCH 
HOCH 
HCOH 
CH  OH 

2 

d- galactose. 


COH 

I 
HOCH 

I 
HCOH 

I 
HCOH 


HO 


I  gn lactose. 


2H  OH 

2 


COH 

I 
HCOH 

I 
HCOH 

I 
HCOH 

I 
flOCH 

I 
CH„OH 

1-talose. 


COH 
HOCH 
HOCH 

HOCH 

I 
HCOH 

CH  OH 

2 

d-taloae. 


COH 
HOCH 

HOCH 

I 
HCOH 

I 
HCOH 


k 


OH 


d-mannose. 


COH 

I 
HCOH 

I 
HCOH 

HOCH 

HOCH 

CHOH 

2 

l-mannose. 
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COH 

HCOH 

H<30H 

HOCH 

HCOH 


i 

l-gulose, 


HOH 

2 


COH 
HOCH 

HOCH 

I 
HCOH 

HOCH 


CH  OH 

2 


CHOH 

I  ' 

CO 

I 

HCOH 
HCOH 
HOCH 


CHOH 

2 


CH^OH 

CO 
I 
HOCH 

HOCH 

I 
HCOH 


CH  OH 

2 


d-gulose. 


I-tagatose. 


d-tagatoae. 


CHO 
HOCH 

HCOH 
HOCH 
HCOH 
CHOH 

2 

1-idose. 


CHO 

I 
HCOH 

I 
HOCH 

I 
HCOH 

I 
HOCH 

CHOH 

2 

d-idose. 


CHOH 

ho 

HOCH 

HCOH 
HOCH 
CHOH 

2 

l-sorbose. 


CHjjOH 


ho 


HCOH 
HOCH 
HCOH 
CHOH 

2 

d-sorbose. 


CHOH 

Ao 

HOCH 
HCOH 
HCOH 


h. 


HOH 

2 


d-levulose. 


CHOH 

to 

HCOH 


HOCH 

I 
HOCH 


CHOH 

2 

1-levulose. 


b.    Pentoses.    Isomerism. 

There  are  three  asymmetric  carbon  atoms  in  each  pentose,  so  that 
there  are  possible  2',  or  eight  possible  isomers  of  the  aldoses.  The 
structural  formulas  are  as  follows: 


COH 

HO— is— H 

H— C— OH 

I 
H— C— OH 

I 

Ch^oh 
d-arabinose. 


-H 


COH 
H— C— OH 
HO— C- 
HO— C— H 

CH^OH 

l-fl,rabinose. 


COH 
HO— C— H 
H— C— OH 

HO— C— H 

I 
CHOH 

2 

d-xylose. 


COH 

H— C— OH 

I 
HO— C— H 

H— C— OH 

CHOH 

2 

I-xylose, 
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COH 
H— C— OH 
H— C— OH 

H— C— OH 
CHOH 

2 

d-ribose. 


COH 

I 
HO— C— H 

HO— C— H 

I 
HO— C— H 


CH  OH 

2 

1-ribosc. 


COH 

I 
HO— C— H 

HO— C— H 

H— C— OH 

I 
CH  OH 

2 

d-lyxose. 


COH 
I 
H— C— OH 

H_C— OH 

HO— O— H 

CH^OH 
1-lyxose. 


Of  these  pentoses,  d-ribose,  xylose  and  arabinose  are  of  most  interest 
to  biologists,  d-ribose  being  found  in  some  nucleic  acids  (guanylic  and 
yeast)  ;  and  arabinose  occurring  in  the  gum  associated  with,  or  making 
part  of,  the  enzyme,  amylase.  Xylose  (6r.  Xylon,  wood)  is  a  pentose 
obtained  by  the  hydrolysis  of  straw  or  wood.  The  pentoses  generally 
occur  in  nature  in  gums  and  tetra,  or  polysaccharides.  Xylose  has  been 
found  as  a  constituent  of  the  cephalopod  muscle  and  other  tissues 
(Henze).    There  are  also  ketose  pentoses. 

c.    Eepioses. 

The  alcohol  of  a  heptose,  d-mannoheptose,  called  volemite,  was  found 
by  Bourquelot  in  Persea  gratissima  and  the  fungus,  Lactarius  volemus, 
and  by  Bougault  and  Allard  in  the  dry  residue  of  Primulaceae.  An 
unknown  heptose,  osazone  melting  at  195°  and  formed  only  on  long 
heating,  was  isolated  from  human  urine  (Rosenbreger). 

Dissociation  of  the  monosaccharides.  Reactions  of  the  monosac- 
charides of  biological  interest. — The  monosaccharides,  while  compara- 
tively stable  in  the  test  tube,  are  very  unstable  in  living  matter.  They 
break  up  there  and  are  converted  into  fats,  proteins  and  other  sub- 
stances. How  they  are  rendered  so  unstable  by  the  protoplasm  is 
unknown  and  is  a  very  interesting  problem  on  which  many  men  are  at 
present  working.  It  will  help  us  to  understand  the  possible  causes  of 
instability  in  living  matter,  if  we  study  how  this  instability  or  decom- 
position may  be  produced  outside  the  body;  and  into  what  kinds  of 
substances  the  carbohydrates  break  up  when  they  are  thus  decomposed. 
Among  the  agents  which  we  may  use  to  produce  decomposition  of  the 
mono-  or  disaccharides,  alkalies  and  acids  are  the  simplest. 

Action  of  alkalies  on  monosaccharides. — ^AU  the  monosaccharides 
and  some  of  the  disaccharides  are  unstable  in  alkaline  solution  and 
decompose  into  a  variety  of  substances.  If  a  solution  of  glucose,  levulose, 
galactose,  maltose  or  lactose  is  made  alkaline,  it  turns  a  yellowish-brown 
color  and  acquires  a  smell  of  caramel.  If  heated,  this  change  goes  on 
more,  rapidly  and  the  solution  quickly  turns  brown  in  some  cases,  or 
yellow  in  others.  This  behavior  is  the  basis  of  Moore's  test  for  sugars. 
The  stronger  the  alkali  the  more  rapid  is  the  change.  If,  however,  air 
has  free  access  to  the  alkaline  solution  being  shaken  with  it  or  drawn 


THE  CAHBOfiYMATES  31 

fftpidly  through  it,  and  if  the  alkali  is  not  too  strong,  the  brown  color 
does  not  develop,  but  a  rapid  oxidation  occurs,  causing  at  times  a  faint 
phosphorescence  and  always  liberating  heat. 

Chemical  examination  of  the  brown  liquid  shows  that  the  monosac- 
charides and  many  of  the  disaccharides  have  undergone  profound  decom- 
position even  if  the  amount  of  alkali  is  small.  In  strong  alkali  a  great 
number  of  acids  are  produced  having  six,  five,  four,  three,  two  or  one 
carbon  atoms  in  them.  Moreover,  volatile  substances  appear  in  the 
absence  of  oxygen,  which  give  the  iodoform  test  like  ethyl  alcohol  but 
which  are  more  probably  glycolaldehyde,  or  oxyacetone,  or  glyoxal. 
Condensation  products  are  also  formed,  in  the  absence  of  oxygen,  lead- 
ing to  the  development  of  the  brown  color  due  to  humus  and  caramel 
substances. 

H  H        H 

H— C— C  =  O  ;     H— C— C— C— H  ;    H— C— C— H 

Glycolaldehyde.  Oxyacetone.  Glyoxal. 

If  the  alkali  is  very  weak  a  molecular  (tautomeric)  rearrangement 
of  the  sugar  molecule  occurs,  accompanied  by  very  little  or  no  decom- 
position of  the  carbon  chains  (Nef).  Thus  d-glucose,  d-mannose  or 
d-levulose  have  the  same  configuration  of  the  molecule  except  in  the 
first  two  carbon  atoms  of  the  chain,  as  may  be  seen  in  the  structural 
formulae  on  page  28.  If  any  one  of  these  sugars  is  dissolved  in  weak 
alkali  and  allowed  to  stand,  all  the  other  sugars  of  this  group  appear 
in  time  in  the  solution.  Thus  there  is  the  formation  of  a  ketose, 
d-levulose,  from  an  aldose,  d-glucose,  sugar.  On  the  other  hand,  the 
sugars  of  the  galactose  series,  such  as  tagatose,  sorbose  or  talose,  do 
not  appear.  Only  those  sugars  appear  which  involve  a  change  in 
structure  of  the  first  two  or  three  carbon  atoms  of  the  chain,  thus  show- 
ing that  the  molecule  is  most  unstable  and  reactive  at  this  end.  There 
is,  as  it  were,  a  gradient  of  reactivity  in  the  molecule  from  the  aldehyde 
end  extending  downward,  resembling,  superficially  at  any  rate,  the 
gradient  in  reactivity  in  an  earthworm,  which  is  most,  reactive  at  the 
head  end.  The  transformation  of  an  aldehyde  to  a  ketose  sugar,  and 
from  the  one  isomer  to  the  other,  probably  takes  place  with  the  inter- 
mediate formation  of  an  enol  modification  as  follows : 

H     H  H    H  H    H 

R_C— C  =  0-1-  H^O   .  R— C— C— OH  +  NaOH  ,  R— C— 0— OH  +H^0 

OH  in  OH  OH  ONa 

Aldose. 
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HH  HH  OHH  OH 

R— C— C— OH   :::^=  R— G— C— OH     ^=Z  R— C  =  C— OH    7—"  R— C— C— OH 

in  ^Na  ^  H 

Enol.  Ketose. 

Their  great  instability  in  alkaline  solutions  makes  it  necessary  in  evapo- 
rating sugar  solutions  to  be  sure  that  the  solution  is  exactly  neutral. 

The  explanation  of  this  behavior  of  the  sugars  is  very  interesting. 
The  decomposition  of  glucose  may  be  taken  as  a  type  of  all.  The  first 
thing  which  happens  when  mixed  with  an  alkali  like  sodium  hydrate  is 
that  a  union  occurs  and  a  salt  is  formed.  One  of  the  hydrogens  of  the 
glucose  behaves  as  an  acid  hydrogen  and  is,  hence,  believed  to  be  slightly 
ionized.  It  is  this  hydrogen  which  is  replaced  by  sodium.  The  hydrogen 
thus  replaced  may  be  the  hydroxyl.  hydrogen  just  behind  the  aldol 
group,  the  a  hydroxyl,  or  else  one  of  the  hydrogens  of  the  aldol  group. 
An  aldehyde  easily  opens  up  its  double  bonds  between  carbon  and 
oxygen  and  adds  water  to  form  a  polyhydric  alcohol,  as  follows : 

R— C  =  0 B.—O-0—  ►  R— C~55 

With  sodium  hydrate  there  is  formed  the  salt  either : 
H   H  H    H 

R— (!v-C  =  0  ;  or,  R— C— C— 0— Na. 

(!)— Na  OH  OH 

This  salt  is  unstable  and  the  molecule  now  first  forms  enols  and  then 
breaks  apart  into  a  number  of  pieces,  double  bonds  appearing  first 
between  the  carbons  in  the  manner  described  on  page  36  and  then 
disruption  occurring  at  the  double  bonds,  thug : 

H   H     OH  QH 

HO— C— C  =  C— C  =  C— C— 0— Na ; 

k        il      iV 

and  this  is  perhaps  followed  by  subsequent  decomposition  into  such 
pieces  as: 

H    H  OH   H  OH  H 

HO— i— i  =  ;     =i—  i  =  ;  =  i—  A— 0— Na  ; 

k  in 

1.  2.  3. 

H    H    OH    H  OH         OHOH 

HO— C— U  =  C   — C=  ;  =0— 0  =  0— (!— O— Na. 

4.  6. 

By  this  dissociation  pieces  of  varying  numbers  of  carbon  atoms  are 
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probably  formed.  These  dissociated  pieces  are  very  reactive  in  their 
nascent  state  when  the  free  bonds  on  the  carbon  are  open.  They  undergo 
intermolecular  changes  into  acids,  aldehydes  or  alcohols;  they  have 
strong  reducing  properties  and  if  oxygen  is  present  they  unite  with  it 
to  form  aldehydes  and  acids ;  but  if  sufficient  oxygen  is  not  present  to 
oxidize  each  piece  as  rapidly  as  it  is  set  free,  the  particles  interact,  con- 
densation occurs,  caramel  and  resinous  substances  are  produced  which 
cause  the  brown  color. 

The  part  which  is  hypothetical  in  the  foregoing  explanation  is  the 
composition  of  the  fragments  which  are  first  formed  under  the  action  of 
the  alkali.  There  is  no  doubt  that  a  salt  is  first  formed  and  that  this  salt 
is  unstable  and  decomposes  with  an  unsaturated  enol  state  intervening. 
We  infer  the  nature  of  the  fragments  from  the  composition  of  the  final 
products. 

This  decomposition,  or  fragmentation,  is  probably  closely  similar  to 
the  decomposition  of  the  sugars  in  living  matter;  and  there,  as  here,  if 
sufBcient  oxygen  is  present,  as  it  probably  is  on  the  periphery  of  cells, 
sugar  will  be  burned  or  oxidized  to  lactic,  carbonic,  formic,  glyceric, 
tartaric  or  tartronic  acids ;  while  if  oxygen  is  not  present  in  sufficient 
amounts  to  burn  these  reactive  pieces  as  rapidly  as  they  are  set  free, 
and  this  will  probably  be  the  case  in  the  interior  of  the  cells,  the  pieces 
will  reduce  substances  near  them  or  each  other,  or  they  will  condense 
with  ammonia  or  with  each  other  transforming  into  amino  acids,-  aro- 
matic substances,  fatty  acids  and  other  products  of  the  metabolism  of 
the  sugars.  The  important  thing,  however,  to  note  in  this  and  to 
remember,  for  we  shall  return  to  it  in  discussing  the  metabolism  of  the 
sugars  and  indeed  of  other  substances  in  the  body,  is  thai  the  decom- 
position or  rearrangement  of  the  molecule  into  reactive  pieces  is  a  pre- 
liminary to  metabolic  transformations. 

Some  Acids  foemed  fbom  the  Cabbohydbates  bt  Oxidation. 


HCOOH 

Formic 

HOCOOH 

Carbonic 

COOH— COOH 

Oxalic 

CH— CHOH— COOH 

Lactic 

CH  —CO— COOH 

Pyruvic 

COOH— CHOH— COOH 

Tartronic 

COOH— CH^—CH^- COOH 

Succinic 

COOH— CH  —CHOH— COOH 

Malic 

COOH— CHOH— CHOH- 

-COOH 

Tartaric 

COOH— CHOH— CHOH- 

-CHOH- 

-CH^OH 

Ribonic 

COOH— CHOH— CHOH- 

-CHOH- 

-CHOH- 

-COOH 

Saccharic 

COOH— CHOH— CHOH- 

-CHOH— CHOH- 

-CH  OH 

Gluconic 

The  ionic  theory  explains  the  reason  why  the  molecule  is  so  unstable 
in  the  salt  form,  whereas  it  is  so  stable  in  the  form  of  the  free  monosac- 
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charide.  This  explanation  is  as  follows :  The  sugar  molecule  itself  ionizes 
in  aqueous  solution  very  little.  This  is  shown  by  the  fact  that  solutions 
of  the  sugars  in  water  are  non-conductors;  the  avidity  of  the  sugar  as 
an  acid  is  very  low.  There  are,  hence,  at  any  instant  of  time  in  the 
solution  of  a  monosaccharide  very  few  CeHjjOj  ions.  The  sugar  is  a 
weaker  acid  than  carbonic ;  it  is  about  as  weak  as  boric,  or  hydrocyanic 
acid.  The  salt  formed  by  the  addition  of  sodium  hydrate,  however, 
ionizes  easily,  hence  the  salt  is  widely  dissociated,  just  as  sodium  acetate 
is  much  more  widely  dissociated  than  acetic  acid.  Just  why  the  sodium 
salt  ionizes  more  than  the  hydrogen  salt  is  not  yet  known,  but  it  may 
be  that  it  is  connected  with  the  power  of  the  sodium  to  unite  with  water 
molecules  through  its  reserve  or  extra  valences,  this  power  being  absent 
in  the  hydrogen  which  apparently  has  very  few  such  reserve  valences. 
At  any  rate,  whatever  the  reason  may  be,  sodium  does  ionize  more.  As 
a  result  the  oxygen  atom  of  the  carbohydrate  from  which  the  sodium 
is  separated  is  left  with  a  free  negative  charge  and  this  may  be  supposed 
to  exert  an  influence  over  the  whole  molecule,  since  the  bonds  between 
the  atoms  are  electrical  in  nature,  but  the  effect  is  strongest  in  the 
two  or  three  terminal  carbons.  As  a  result  the  molecule  loses  water 
and  double  bonds  appear  at  several  places  in  the  molecule.  The  double 
bond  between  carbon  atoms  is  not  stronger  than  a  single  bond,  but  it 
is  weaker.  Why  it  is  weaker  is  not  certainly  known,  but  it  may  be 
because  when  two  bonds  are  present  the  atoms  can  separate  without 
electro-static  stresses  being  set  up  between  them,  since  each  atom  takes 
a  positive  and  negative  charge  with  it  thus:  C-+C— *  C+,  and  C~.  We 
shall  find  the  same  facts  of  the  instability  of  unsaturated  carbon  com- 
pounds illustrated  in  the  fats  and  indeed  in  other  cases,  double  bonded 
compounds  being  generally  more  reactive  than  single  bonded.  A  very 
striking  example  of  a  molecular  rearrangement  due  to  ionization  is 
shown  by  the  indicator  phenol-phthalein  in  which  the  negative  ion  under- 
goes rearrangement  to  a  red  quinonoid  substance. 

If  the  alkali  is  very  weak  so  that  only  the  terminal  and  «  carbon 
atoms  are  involved  (Nef),  condensation  of  the  monosaccharides  to  form 
di-  and  polysaccharides  may  occur.  Thus  cane  sugar  may  be  synthesized 
from  d-glucose.  There  is  at  first  under  the  influence  of  the  alkali  a 
transformation  of  some  of  the  glucose  to  d-fructose  and  then  the  con- 
densation of  some  of  these  molecules  with  glucose  to  make  cane  sugar. 

Action  of  alkalies  on  di-  and  polysaccharides. — The  action  of  alka- 
lies on  disaccharides  varies  with  the  nature  of  the  sugar.  Cane  sugar, 
for  example,  is  a  very  weak  acid,  it  has  no  free  aldehyde  group  and 
it  is  stable  in  an  alkaline  solution.  Consequently  it  does  not  break  into 
fragments  and  accordingly  cane  sugar  reduces  an  alkaline  copper  salt 
solution  only  at  a  very  slow  rate.    The  case  is,  however,  quite  different 
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icr  those  disaecharides  like  lactose  and  maltose  which  contain  free 
aldehyde  groups.  They  are  almost  as  unstable  as  glucose  in  alkaline 
solution ;  their  solutions  turn  brown  or  yellow  very  quickly.  This  is 
.  probably  the  reason,  for  example,  that  soda  biscuits  become  yellow  if  too 
much  soda  is  used  in  their  preparation.  The  decomposition  of  the  lactose 
of  the  milk  by  the  alkali  causes  a  yellow  color.  Solutions  of  lactose  and 
glucose  and  maltose  of  the  same  molecular  concentration  and  the  same 
alkalinity  absorb  oxygen  at  almost  the  same  rate.  The  character  of  the 
fragments  into  which  the  disaecharides  decompose  is  still  unknown. 
Many  of  the  polysaccharides  are  quite  stable  in  alkaline  solution.  This 
is  the  case,  for  example,  with  glycogen  or  animal  starch.  It  is  pre- 
pared by  destroying  all  the  protein  matter: of  the  cells  by  cooking  the 
tissue  with  30  to  40  per  cent,  potassium  hydrate,  a  procedure  which 
leaves  the  glycogen  quite  unaffected.  Starch  also  is  quite  resistant  to 
alkalies. 

Action  of  acids  on  monosaccharides. — Not  only  do  the  carbohydrates 
decompose  spontaneously  in  alkaline  solution,  but  they  do  so  in  acid 
as  well.  The  molecule  is,  indeed,  most  stable  in  the  neutral  form  and 
least  stable  as  a  salt.  The  decomposition  of  the  monosaccharides  in  acid 
solution  is  slower  than  in  alkali  and  the  decomposition  is  not  so  complete, 
so  that  the  various  steps  can  be  followed  and  the  intermediate  products, 
or  some  of  them,  can  be  isolated.  But  it  is  as  yet  uncertain  whether 
the  decomposition  in  the  acid  is  in  all  particulars  identical  with  the  early 
stages  of  the  alkaline  decomposition  or  not.  Advantage  is  taken  of  the 
difference  in  the  decomposition  of  hexose  and  pentose  sugars  in  acid 
solution  to  distinguish  between  them. 

If  acid  is  added  to  the  solution  of  a  hexose  and  if  the  reaction  is 
quickened  by  boiling,  it  will  be  found  that  the  hexose  decomposes.  If 
the  acid  is  strong,  brown  or  black  humus  substances  are  produced;  if  the 
distillate  is  collected  it  is  found  to  contain  formic  acid,  carbon  monoxide, 
a  little  hydroxymethylfurfural,  and  in  the  solution  remaining  in  the  flask 

0 

II 
considerable  quantities  of  levulinic  acid,  CH, — C — CHg — CH2 — COOH, 

are  to  be  found.  If,  however,  a  pentose  is  subjected  to  the  same  treat- 
ment, it  distills  over  almost  quantitatively  as  furfuraldehyde  or  furfural, 
and  this  we  detect  by  the  colored  condensation  products  it  yields  with  ani- 
line acetate,  orcine,  phloroglucine,  resorcine  and  other  substances.  Pen- 
toses may,  therefore,  be  readily  distinguished  from  hexoses  by  the  large 
quantity  of  furfural  yielded  on  distilling  the  former  with  acid,  and  by  the 
levulinic  acid  formed  under  the  same  circumstances  from  a  hexose. 
Berthelot  gives  the  following  figures  illustrating  the  decomposition  of 
hexoses  on  heating  with  phosphoric  acid: 
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Glucose  heated  with  phosphoric  acid  for  several  hours: 

CO^    2.07% 

CO    1.19 

Formic  acid   11.90 

Levulinic  acid   ....   39.83 
Humic  acid   23.60 

78.64 
Loss  (in  part  H  0)  21.36 

This  different  behavior  of  hexoses  and  pentoses  is  the  basis  of  the 
orcine,  aniline  acetate  and  most  tests  for  pentoses.  Bran  and  straw 
contain  large  amounts  of  polysaccharides  containing  a  pentose  (xylose) , 
which  are  hydrolyzed  by  the  acid.  The  free  pentose  is  then  converted 
into  furfural.  Bran  heated  with  acid  yields  accordingly  a  great  deal  of 
furfural. 

As  has  already  been  stated  the  decomposition  of  the  monosaccharides 
by  acids  is  closely  analogous  to  that  by  alkalies,  but  is  not  so  rapid  or 
profound,  and  some  of  the  intermediate  products  may  be  isolated.  The 
acid  first  unites  with  the  carbohydrate  molecule,  forming  a  salt.  This 
is  shown  by  the  fact  that  the  addition  of  a  carbohydrate  solution  to  a 
weak  acid  solution  diminishes  its  acidity.  The  acids  probably  unite  with 
the  double  bonded  oxygen  of  the  aldehyde,  if  this  is  present,  or  with 
the  oxygen  of  the  alcohol  groups.  It  is  well  known  that  the  aldehydes, 
ketones  and  other  organic  compounds  containing  oxygen  have  very  weak 
basic  properties,  due  to  the  oxygen  they  contain.  They  form  with  acids 
what  are  known  as  oxonium  salts,  analogous  to  the  ammonium  salts  of 
nitrogen.  Oxygen  is  at  times  tetravalent;  it  opens  up  two  residual 
valences  and  is  able  thereby  to  unite  with  acids  just  as  ammonia  does. 
Thus  we  probably  have  in  the  sugars  when  treated  with  hydroehlbric 
acid  solution  the  compounds : 

H  H 

R— C  =  0  ;     R— C  =  (5— CI  ;     R— C  =  0  +  ci 

I  I  I        \ 

H  H  H  + 

The  chloride  thus  formed  ionizes,  the  chlorine  being  negative,  the  rest 
of  the  molecule  positive  and,  possibly  as  a  result  of  this  free  positive 
charge,  molecular  rearrangement  takes  place,  water  is  eliminated  and, 
in  the  case  of  pentose,  furfural  is  formed  thus : 
OH  H    OH  OH  +  H    H 

H— O— 0— C— C— C=0  — H  +  Ci ►  HC  =  C— C  =  C— C  =  0+3H0  +  HC1 

Uni  A  il  I 0 '  ^ 

In  alkaline  solution  furfural  is  unstable  and  rapidly  decomposes  as 
already  described,  but  in  acid  solution  it  does  not  readily  decompose, 
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but  may  be  distilled.  In  th6  case  of  a  hexose  the  reaction  may  go  in 
various  ways,  methylhydroxyfurfural  being  formed  in  small  quantities, 
perhaps  as  an  unstable  intermediate  product  and  many  decomposition 
and  condensation  products,  i.e.,  levulinic  acid,  humic  acid,  etc.  Methyl- 
hydroxyfurfural has  the  following  formula: 

H  H  OH  H 

HC— C  =  C— C  =  C— C  =  0 

,[    L_o^_l 

-Vli'thylhydroxyfurfural. 
It  is  probably  the  substance  which  is  responsible  for  the  color  in  the 
Moliseii  test  and  in  the  Seliwanoff  reaction. 

The  behavior  of  the  carbohydrates  in  acids  and  alkalies  shows  that 
there  are  two  points  of  attack  in  the  molecule,  two  points  at  which 
the  molecule  may  unite  with  protoplasm  or  enzymes,  namely,  the  residual 
or  extra  valences  on  the  oxygen,  where  acids  unite ;  or  the  double  bonds 
in  the  aldehyde,  where  the  alkali  unites.  It  is  possible,  perhaps  probable, 
that  the  decomposition  of  a  monosaccharide  by  an  enzyme  is  analogous 
to  that  produced  by  acids  and  alkalies,  the  enzyme  upsetting  the  equi- 
librium of  the  molecule  in  the  same  manner  as  it  is  upset  by  acids  or 
alkalies,  the  easiest  change  produced  being  in  the  aldehyde  or  a  carbon 
groups. 

It  must  not  be  concluded  from  this  discussion  that  substances  are 
always  more  unstable  in  the  ionic  or  salt  form  than  they  are  in  the 
undissociated  form.  In  some  cases,  at  any  rate,  the  reverse  is  the  case. 
Thus  cysteine,  one  of  the  amino  acids,  unites  with  oxygen  with  great 
speed  in  the  neutral  or  undissociated  form,  whereas  it  is  very  stable  in 
the  acid  solution  where  it  exists  as  a  salt,  and  oxidizes  at  a  slow  rate 
in  an  alkaline  solution.  And  many  other  examples  of  this  sort  might  be 
given.  The  free  organic  acids,  undissociated,  are  indeed  often  less  stable 
than  their  salts. 

Action  of  acids  on  polysaccharides. — The  di-  and  polysaccharides 
decompose  readily  into  monosaccharides  by  hydrolysis  when  treated  with 
acids,  and  in  this  respect  they  are  less  stable  in  acid  than  in  alkaline 
solution.  The  various  disaccharides  break  up  with  varying  speed  in  acid 
solution  and  those  which  are  the  most  resistant  to  the  action  of  alkali 
are  the  most  sensitive  to  the  action  of  acid.  Thus  saccharose,  which 
decomposes  very  slowly  in  the  alkali,  is  the  easiest  of  the  disaccharides 
to  invert  with  acid;  and  lactose  and  maltose,  which  are  so  unstable  in 
alkali,  hydrolyze  much  more  slowly  than  cane  sugar  in  acids.  Starch  and 
glycogen  are  quickly  hydrolyzed  by  acid,  but  are  very  resistant  to 
alkalies.  It  is  by  the  action  of  acids  on  starch  that  commercial  glucose 
is  prepared.  The  probable  reason  why  the  polysaccharides  are  so  sensi- 
tive to  acids  and  so  inert  to  alkalies  is  that,  as  their  acidity  is  reduced 
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by  polymerization,  they  react  very  little  with  alkalies  to  form  salts; 
on  the  other  hand,  their  basicity  is  increased,  causing  them  to  unite  more 
readily  with  acids.    The  reactions  are  written  as  follows : 

C    H    O     +H  0  +  HCl— ..2CH    O  +HC1. 

12      22     11  T^       2      T^  (1      12     8  T^ 

(C  H    O  )    +  »H  0  +  HCl  — iiC  H    0  +  HCL 

Oxidation. — The  monosaccharides  are  readily  oxidized;  and  in  acid, 
but  particularly  in  alkaline,  solution  they  are  fairly  strong  reducing 
agents,  oxidizing  themselves  to  acids.  Their  reducing  powers  furnish 
one  means  of  detecting  them  and  measuring  the  quantity  present  in  a 
solution.  An  alkaline  solution  of  any  monosaccharide  will  reduce 
methylene  blue,  cupric,  silver,  ferric,  mercuric,  gold  or  bismuth  salts; 
and  either  in  acid  or  alkaline  solution  they  will  reduce  bromine,  chlorine, 
permanganates,  peroxides  or  atmospheric  oxygen.  They  burn  sponta- 
neously with  the  liberation  of  heat,  or  even  some  light,  in  alkaline  solu- 
tions, and  with  the  liberation  of  electrical  energy,  heat  and  possibly 
light  in  protoplasm.  By  their  combustion  various  acids  are  formed, 
carbonic,  lactic,  tartaric,  malic,  malonic,  tartronic,  oxalic,  gluconic  and 
saccharic.    By  very  mild  oxidation  the  osone  is  first  formed,  p.  43. 

Fehling's  Solution.  They  are  quantitatively  estimated,  or  qualita- 
tively detected,  by  their  reducing  action  on  alkaline  cupric  tartrate 
solutions;  Such  a  solution  is  that  of  Fehling.  This  consists  of  two 
solutions,  A  and  B,  which  are  kept  separate  until  they  are  used.  A 
consists  of  an  aqueous  solution  of  cupric  sulphate  containing  34.64  grams, 
CUSO4.5H2O,  in  500  c.c. ;  B  is  made  by  dissolving  125  grams  of  potas- 
sium hydrate  and  173  grams  of  sodium  potassium  tartrate  (Rochelle 
Salts)  in  water  and  making  up  to  500  c.c.  Just  before  using,  equal 
quantities  of  the  two  solutions  are  mixed  and  heated  to  boiling  and  an 
ecjual,  or  smaller,  quantity  of  the  solution  supposed  to  contain  the  sugar 
is  added  and  the  solution  boiled  in  a  qualitative  test  for  two  or  three 
minutes.  The  solutions  are  kept  separate  until  the  time  of  using  because 
they  interact  slowly,  the  tartrate  slowly  reducing  the  copper.  This  fact 
suffices  to  show  the  incorrectness  of  the  statement  sometimes  made  that 
the  reducing  action  of  the  monosaccharides  is  due  entirely  to  the  aldehyde 
groups  they  contain.    There  are  no  such  groups  in  the  tartrates. 

The  various  constituents  of  Fehling's  solution  act  as  follows:  The 
sodium  hydrate  unites  with  the  carbohydrate,  decomposing  it,  in  the 
manner  already  discussed,  into  a  number  (3 — 4)  of  reactive  fragments, 
these  fragments  being  the  actual  reducing  substances.  These  fragments 
and  the  remaining  original  molecules  are  then  oxidized  to  various  acids, 
such  as  oxalic,  malonic,  tartronic,  carbonic,  gluconic  and  so  on.  The 
reaction  by  which  gluconic  acid  is  formed  may  be  written  as  follows: 
C  H,  0„  -t-  2Cu  ( OH ) ,  =  C  H,  O,  -f  Cu  O  +  2H  O 

6      12     0^^  *  'a  »12Tf  2        '^  2 

Gluconic  Cuprous 

acid.  oxide. 
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The  tartrate  is  added  to  unite  with  the  cupric  hydrate  formed  by  the 
interaction  of  sodium  hydrate  and  cupric  sulphate,  which  in  the  absence 
of  the  tartrate  would  be  precipitated  as  a  blue,  gelatinous  precipitate, 
turning  into  the  black  oxide  on  heating.  This  precipitate  would  obscure 
any  cuprous  oxide  which  might  be  formed  by  reduction.  The  tartrate 
by  uniting  with  the  cupric  hydrate  holds  it  in  solution ;  the  following 
reaction  taking  place: 

Na— 0— C=0  NaO— C=0 

HC— OH  HC— O— CuOH 

HC— OH  +  2Cu(0H)^ -HC— Q— CuOH  +  2H^0 

K— O— C=0  KO— C=0 

Rochelle  salt. 

The  cupric  hydrate-tartrate  compound  is  a  deep-blue  color  and  is 
soluble.  It  is  in  equilibrium  with  a  very  small  quantity  of  Cu(0H)2 
which  remains  in  solution ;  and  this  is  in  equilibrium  with  a  very  minute 
amount  of  free  Cu  ions  and  OH  ions.  The  cupric  ion  having  two 
free  positive  charges,  which  it  gives  up  very  readily,  is  the  oxidizing 
agent  and  it  is  reduced  to  the  cuprous  state  by  the  active  reducing  fragT 
ments  formed  from  the  sugar  molecule  by  the  alkali.  Cuprous  hydrate, 
which  is  thus  formed,  is  a  yellow  substance  which  is  very  insoluble.  It 
either  precipitates  as  such  or  it  loses  water  and  forms  the  bright  red, 
insoluble  cuprous  oxide,  CuaO.  This  cuprous  oxide  may  be  filtered  from 
the  solution  by  an  asbestos  filter,  washed  and  weighed  direct,  or  it  may 
be  oxidized  to  the  black  cupric  oxide  and  weighed  as  such ;  or  dissolved 
in  nitric  acid  and  the  copper  determined  by  electrolytic  deposition ;  or 
dissolved  in  ferric  alum  [NHJ^  SO4,  Fe2(SOJ3.24H20]  and  the  fer- 
rous salt  formed  titrated  by  permanganate.  In  this  way  the  amount  of 
reduction  occurring  in  the  solution  may  be  determined.  The  best  method 
is  the  last  (often  called  Bertrand's).  It  will  be  seen  that  the  tartrate- 
copper-hydrate  acts  as  a  reservoir  of  cupric  hydrate,  which  is  dis- 
tributed all  through  the  solution,  and  as  soon  as  the  cupric  ions  are 
reduced  and  the  equilibrium  thus  upset,  new  cupric  hydrate  is  at  once 
dissociated  from  the  tartrate  compound.  It  thus  happens  that  although 
at  any  instant  of  time  there  is  only  a  minute  amount  of  the  intermediate 
substance,  the  cupric  ion,  present,  yet  since  the  ion  is  formed  instaur 
taneously  the  reaction  can  proceed  at  a  rapid  rate.  If  ittook,  an  appre- 
ciable time  for  the  dissociation  ...of.  the  copper  tartrate  compound  .tliis 
solution  could  not  be  used  in  the  way  it  is.  .This  is  a.  very  good.  exan|.p][e, 
in  all  likelihoodi  of.  the  manner  in  which. a  large  transformatiou',"c.an 
t^e  place  through  an  intermediate .  stage,  yet  the  intermediate  stage 
itself  be  present  at  any  instant  of  time  only  in  the  most  minute  amounts. 
One  molecule  of  glucose  will  under  certain  conditions  reduce  four  oi* 
five  molecules  of  cupric  hydrate. 
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Inasmuch  as  the  reaction  is  not  complete,  but  the  oxidation  con- 
tinues at  a  slow  rate  for  a  long  time,  the  malonic,  tartaric  and  gluconic 
acids  being  slowly  oxidized,  the  quantitative  determinations  have  to  be 
made  under  strictly  comparable  conditions  of  concentration,  time  of 
heating,  etc.,  and  the  method  is  at  best  rather  unsatisfactory.  For  the 
quantitative  determination  more  in  detail,  see  Part  III,  experiment  241. 

Glucose,  levulose  or  galactose  will  reduce  copper  sulphate  without 
being  made  alkaline,  but  the  time  required  is  much  longer,  the  reason 
being  that  the  number  of  active  sugar  particles  in  such  solutions  and 
the  number  of  hydroxyl  ions  is  enormously  less  than  in  the  alkaline  solu- 
tions. On  the  other  hand,  the  number  of  eupric  ions  is  larger  in  the  acid 
solution,  but  this  is  not  sufficient  to  counterbalance  the  diminution  in 
the  active  reducing  particles  formed  from  the  sugar.  If  eupric  sulphate 
is  heated  with  levulose  for  some  time  the  eupric  oxide  is  reduced  in 
large  part  to  metallic  copper,  beautiful  reddish  crystals  of  copper  being 
formed.  The  reaction  in  this  casie  goes  so  slowly  that  the  cuprous  oxide 
is  not  formed  rapidly  enough  to  precipitate,  but  remains  in  solution 
and  is  further  reduced  to  the  metallic  form.  Copper  acetate  solutions 
with  more  or  less  acetic  acid  added  to  them  may  also  be  used  in  place 
of  Fehling's  solution.  One  such  mixture  is  that  of  Barfoed,  which  is 
incorrectly  used  sometimes  to  distinguish  between  monosaccharide  and 
disaccharide  sugars.  All  sugars,  however,  reduce  copper  acetate  with 
or  without  the  addition  of  acetic  acid  if  given  time  enough,  and  the 
separation  of  the  different  sugars  by  this  test  is  purely  quantitative, 
depending  on  the  velocity  with  which  various  sugars  oxidize.  It  is  not 
qualitative.  Of  the  various  sugars  levulose  reduces  in  acid  solution  the 
most  rapidly,  since  it  is  the  strongest  acid  among  the  sugars;  then 
galactose,  glucose,  maltose,  lactose  and  cane  sugar  follow  in  the  order 
named.  The  initial  rate  of  oxidation  of  the  various  sugars  in  mixtures 
of  eupric  acetate  and  acetic  acid  is  as  follows :  lactose,  1 ;  maltose,  1.15 ; 
glucose,  5.71;  galactose,  8.72;  mannose,  8.72;  levulose,  55.13.  Since 
there  is  quite  a  decrease  in  acidity  or  stability  between  glucose  and 
maltose  a  glucose  solution  reduces  Barfoed 's  quite  a  good  deal  faster 
than  maltose  under  similar  conditions  of  concentration  and  heating,  so 
that  with  a  strict  control  of  these  factors,  Barfoed 's  solution  may  be  used 
to  distinguish  qualitatively  between  these  two  groups  of  sugars,  the 
monosaccharides  on  the  one  hand  and  the  di-  and  polysaccharide  sugars 
on  the  other ;  but  a  strong  solution  of  maltose  will  reduce  more  rapidly 
than  a  weak  solution  of  dextrose,  so  that  as  the  test  is  ordinarily  per- 
formed without  control  of  the  concentration  of  the  sugar  used,  and  time 
of  heating,  it  is  indecisive.  It  is  sometimes  stated  that  the  disaccharides 
must  be  inverted  first  before  reducing,  but  the  reducing  action  of  the 
disaccharides  in  alkaline  solution,  in  which  they  are  not  inverted,  shows 
that  inversion  is  not  a  necessary  prerequisite  for  reduction.    The  weak 
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redjicing  powers  of  saccharose  are  clue  to  the  stability  of  the  sugar  in 
alkaline  solution,  but  it  will  reduce  Fehling's  solution  at  a  very  slow 
rate.  Glycerine  also  will  reduce  Fehling's  solution,  but  the  rate  is  so 
slow  as  not  to  introduce  an  appreciable  error  as  the  estimation  is  ordi- 
narily carried  out. 

By  oxidation  of  glucose  by  bromine  in  acid  solution  the  sugar  is 
converted  quantitatively  into  gluconic  acid,  the  monocarboxylic  hexonie 
acid,  and  by  further  oxidation  into  saccharic  acid.  By  nitric  acid  both 
of  these  acids  are  obtained  from  glucose,  and  galactonic  and  mucic  acids 
from  galactose. 

Other  substances  reduced  by  the  carbohydrates  with  a  color  change 
are  described  in  the  practical  part.  Among  these  may  be  mentioned 
white  bismuth  subnitrate  which  is  reduced  to  black  bismuth ;  picric  acid 
which  is  reduced  to  red  picramic  acid: 

C  H  .OH.  (NO  )     ►   C  H  .OH.NH  .   (NO  ) 

6      2  'So  62  2  22 

Picric  acid.  Picramic  acid. 

silver  nitrate  or  mercury  salts  to  black  metals  or  mirrors.  All  of  these 
changes  are  produced  by  reduction  and  may  be  caused  by  other  sub- 
stances than  sugars. 

The  reduction  of  carbohydrates. — Carbohydrates  not  only  have  the 
power  of  oxidizing  themselves  at  the  expense  of  other  bodies,  thus  acting 
as  reducing  substances,  but  they  also  may  oxidize  other  substances,  being 
themselves  reduced  thereby.  When  oxidized  the  reactions  liberate  heat : 
they  are  exothermic  and  it  is  by  means  of  such  reactions  that  the  body 
gets  its  energy.  But  if  the  carbohydrates  are  reduced,  the  reactions  are 
endothermic ;  heat  is  absorbed  to  be  given  out  again  when  the  substance 
is  finally  burned.  Both  kinds  of  reactions  go  on  in  living  matter  and 
in  our  own  bodies  in  the  decomposition  of  the  carbohydrates  of  the 
food.  The  greater  part  of  the  carbohydrate  is  oxidized  and  the  heat 
and  energy  are  set  free  by  which  we  live,  but  some  of  the  fragments  of 
the  carbohydrate  molecule  do  not  oxidize  at  once ;  they  are  reduced, 
not  oxidized;  and  by  this  means  various  important  substances,  pre- 
eminently the  fats,  are  formed  in  the  body.  The  carbohydrates  have 
the  power  of  absorbing  nascent  hydrogen  and  they  are  changed  thereby 
in  part  to  alcohols.  Such  alcohols  are  quite  widespread  in  nature.  Thus 
levulose  and  mannose  are  transformed  into  d-mannitol,  a  hexatomic 
alcohol;  d-glucose  into  d-sorbite.  Similarly  the  fragments  into  which 
the  glucose  molecule  falls  may  take  up  hydrogen  and  be  converted  to 
the  long  carbon  chains  of  fatty  acids  such  as  palmitic,  CigHjjOz,  and 
stearic,  CigHjaOj,  acids.  But  the  exact  steps  of  this  process  are  still 
unknown.  By  means  of  this  oxidizing  property  the  carbohydrates  play 
a  great  part  in  what  is  known  as  anaerobic  respiration.  Many  bacteria 
and  animal  tissues  have  the  property  of  continuing  to  live  and  give  off 
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carbon  dioxide  in  the  absence  of  air.  They  can  carry  out  a  great  number 
of  reactions  which  are  in  part  oxidati-^  without  atmospheric  oxygen. 
It  has  been  found  that  the  injection  of  glucose  enables  fish  and  other 
animals  to  get  on  for  a  much  longer  time  without  atmospheric  oxygen 
than  when  they  have  no  glucose;  and  glucose  is  particularly  favorable 
for  the  auEerobic  life  of  many  bacteria.  Glucose  thus  plays,  in  virtue  of 
its  oxidizing  properties,  a  very  important  part  in  cell  life.  Tissues 
which  contain  glycogen  or  glucose  will  generally  live  longer  in  the 
absence  of  air  than  tissues  which  do  not  contain  these  substances.  It  has 
been  suggested  that  in  these  cases  the  tissue  oxidizes  itself  from  the 
oxygen  of  the  water,  the  nascent  hydrogen  set  free  being  taken  up  by 
the  glucose.  Whether  this  explanation  of  the  favorable  action  of  glucose 
on  anaerobic  respiration  is  correct  or  not  is  doubtful.  It  may  be  that 
one  molecule  is  reduced  to  an  alcohol,  while  the  other  sugar  molecule  is 
oxidized  to  an  acid.  This  would  be  possible  if  the  amount  of  heat  set 
free  by  the  oxidation  of  aldehyde  to  acid  was  greater  than  the  amount 
of  heat  rendered  latent  by  the  reduction  of  aldehyde  to  alcohol. 

Relation  to  hydrocyanic  acid. — ^An  interesting  property  of  the  car- 
bohydrates is  their  power  of  uniting  with  hydrocyanic  acid.  If  glucose 
be  dissolved  in  water  and  potassium  cyanide  added  to  it,  not  all  the 
hydrocyanic  acid  can  be  distilled  off  from  the  glucose  on  acidification. 
Some  has  combined  with  the  glucose.  Glucose  exists,  for  example,  in  the 
white  of  hen's  eggs  to  about  0.5  per  cent.  It  was  found  that  the  alco- 
holic extract  of  egg-white  had  the  power  of  binding  hydrocyanic  acid, 
due  to  the  presence  of  this  glucose.  The  importance  of  this  power  of 
binding  hydrocyanic  acid  from  a  chemical  point  of  view  is  that  it  en- 
ables one  to  build  up  the  sugars  carbon  atom  by  carbon  atom.  A 
iieptose  may  in  this  way  be  formed  from  glucose  as  follows : 

CH^OH— CHOH— CHOH— CHOH— CHOH— CHO  +  HCN .- 

CHOH— CHOH— CHOH— CHOH— CHOH— CHOH— CN 

CHj^0H.(CH0H)^Clir-[-2H^0   ►  CHjOH.(CHOH)j..COOH +  NH 

CH^OH.CCHOHj^COOH  -|- 2H  —  CH^OH(CHOH)j.COH  +  H  O    * 

Heptose. 

By  the  action  of  acids  the  nitrile  is  saponified  to  the  acid  which  by 
reduction  yields  the  aldehyde,  glucoheptose.  Physiologically  the  reac- 
tion is  of  interest  because  hydrocyanic  acid  unites  with  some  substance 
in  the  cell  which  is  of  great  importance  in  respiration;  and  it  indicates 
that  glucose  should  be  a  good  antagonist  to  the  cyanides.  Whether  this 
reaction  plays  any  part  in  building  up  sugar  in  plant  cells  is  very 
doubtful. 

Oximes. — Just  as  by  the  action  of  hydrocyanic  acid  the  sugars  may 
be  built  up  carbon  atom  by  carbon  atom,  so  by  the  action  of  hydrox- 
ylamine  the  sugar  of  the  next  smaller  number  of  carbon  atoms  may 
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he  obtained.  Hydroxylamine,  HNHOH,  which  corresponds  to  hydrogen 
peroxide,  HOOH,  and  like  it  has  reducing  and  oxidizing  properties,  acts 
on  glucose  to  form  the  glucose-oxime  thus: 

CHOH(CHOH)  .COH+HNHOJ] ►  i  II  OH(CHOH)    CH:NOH  +  H  0 

GlucoBf  oxirae. 

The  oxime  when  heated  with  acetic  anhydride  loses  water  and  is  con 
verted  into  the  acetylated  glucosenitrile ;  which  when  warmed  with  am- 
moniacal  silver  nitrate  loses  hydrocyanic  acid  and  is  converted  into  an 
acetylated  pentose  from  which  the  pentose  may  be  set  free. 

Osazones. — A  reaction  very  important  for  distinguishing  between 
different  mono-  and  disaccharides  is  the  formation  of  osazones.  If 
phenyl  hydrazine  and  glucose  solution  be  warmed  the  following  reaction 
takes  place : 

1.  OH    O  +CHNH.NH  ►  CH  OH.(CHOH)  .CH  =c  N.NHC  H  +  H  O 

6      12     e  T^      6      5  2  2  *  4  6     6     '  .      2 

Phenyl  hydrazine.  Phenyl-gluco-hydrazone. 

2.  CH  OH.  ( CHOH )  ^.CH  =  N.NHCgH^.  +  ZC^H^NH.NH^ - 

C^H^NH^  +  CH^OH.  ( CHOH )  g.C  (  =  N.NHCjH|j )  .CH  =  N.NHC jH^^  -fNH^ 
Aniline.  ''        Phenyl-glucosazone. 

The  phenyl  osazones  are  generally  needle-shaped  small  crystals,  yellow 
in  color.  The  melting  points  of  the  different  osazones  differ  somewhat 
as  follows:  glucosazone,  205°  C. ;  galactosazone,  192-195°;  maltosazone, 
206° ;  lactosazone,  200°. 

The  hydrazones  which  are  formed  in  the  reaction  are  generally  not 
crystalline,  but  in  the  case  of  mannose  the  hydrazone  is  insoluble  and 
forms  colorless,  plate-like  crystals  (m.  p.  195°)  which  make  the  identifi- 
cation of  this  sugar  very  easy.  If  heated  long  enough,  however,  mannose 
will  form  the  yellow  osazone  also.  The  crystals  of  the  various  osazones 
cannot  be  distinguished  easily  by  their  shapes.  Some  of  the  substi- 
tuted phenyl  hydrazines  give  more  insoluble  osazones,  the  methyl  or 
ethyl-phenyl  hydrazine  being  often  employed.  Since  the  sugars  may 
be  regenerated  from  their  osazones,  this  is  one  method  which  may  be 
used  for  their  separation  from  a  solution.  It  will  be  found  that  the 
speed  with  which  the  various  sugars  react  with  phenyl  hydrazine  differs, 
being  in  the  order  of  their  ease  of  oxidation,  levulose  reacting  with  the 
greatest  ease,  and  lactose  most  slowly.  Levulose,  mannose  and  glucose 
give  identical  osazones,  showing  that  the  last  four  carbon  groups  in 
jeach  chain  are  the  same  in  configuration.  (See  page  28.)  Glucosamine 
readily  yields  glucosazone.  In  reaction  2  above  the  sugar  is  oxidized  to 
an  osone  which  condenses  with  the  third  molecule  of  phenyl  hydraziiie. 

If  glucosazone  is  treated  with  hydrochloric  acid  and  water,  glucosone 
is  first  formed,  which  on  reduction  yields  d-fructose.  Glucosone  is  an 
aldehyde  ketone  of  the  formula:  CH20H.(CH0H),.C0.CH0.  By  this 
means  one  can  convert  an  aldose  into  a  ketose.  Glucosone  is  one  of  the 
first  products  of  oxidation  of  glucose  by  mild  oxidizing  agents. 
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The  formation  of  the  osazones  ia  made  in  practice  by  using  phenyl  hyrirazinf. 
hydrochloride  in  place  of  the  free  phenyl  hydrazine.  The  hydrochloride  is  used  for 
two  reasons:  both  because  the  salt  is  more  stable  than  the  free  base  and  because 
it  is  more  soluble.  Owing  to  hydrolytic  dissociation  of  the  hydrochloride,  free 
hydrochloric  acid  is  produced.  This  checks  the  speed  of  the  reaction  by  reducing 
the  dissociation  of  the  sugar  and,  moreover,  the  reaction  of  the  phenyl  hydrazine 
with  the  sugar  involves  the  free  base  of  the  hydrazine  and  not  the  ion  of  the  salt. 
Accordingly  to  reduce  the  acidity  of  the  hydrochloride  of  phenyl  hydrazine  and  to 
increase  the  amount  of  free  base  it  is  customary  to  add  sodium  acetate  to  the  phenyl 
hydrazine  hydrochloride.  This  makes  sodium  chloride  and  phenyl  hydrazine  acetate, 
and  since  acetic  acid  is  a  very  weak  acid  the  phenyl  hydrazine  acetate  undergoes 
hydrolytic  dissociation  into  the  acid  and  free  base  and  the  reaction  goes  much  better 
than  if  the  sodium  acetate  is  not  used. 

By  the  use  of  methyl-phenyl  hydrazine  (Neuberg)  the  ketoses  can  be 
distinguished  from  the  aldoses.  The  ketoses  form  osazones  with  this 
reagent,  while  the  aldoses  form  only  hydrazones.  According  to  Betti 
the  aldoses  may  also  be  separated  from  the  ketoses  by  the  use  of 
/8-naphthol-benzylamine, 

^CH— NH^ 

C,  HOH 
10    e 

This  combines  easily  with  the  aldoses  to  form  a  crystalline  product,  but 
not  with  ketoses.    Glucose  can  thus  be  readily  separated  from  levulose. 

Reactions  of  carbohydrates  with  ammonia  to  form  nitrogen  con- 
taining compounds. — Glucose  and  other  carbohydrates  react  readily  with 
ammonia  in  weakly  alkaline  solutions  to  form  nitrogen-containing  sub- 
stances such  as  the  amino-acids.  See  page  186.  By  this  reaction  the 
proteins  probably  originate  from  the  carbohydrates. 

Synthesis  in  Plants. — All  the  energy  of  the  animal  body  has  come 
i}i  the  long  run  from  the  sun  in  the  form  of  light  energy.  We  are  the 
children  of  the  sun.  The  great  synthetic  agency  on  the  earth's  surface 
has  not  been  heat,  but  light.  Living  matter  could  not  have  come  into 
existence  when  the  temperature  of  the  earth  was  very  different  from 
what  it  is  at  present,  for  the  activities  of  all  living  things  are  limited 
practically  to  the  very  narrow  temperature  range  from  about  zero 
centigrade  to  about  70°.  Light  is  to-day  actively  bringing  about  the 
syntheses  underlying  all  vital  processes  and,  in  the  absence  of  evidence 
to  the  contrary,  we  may  believe  that  this  has  been  the  case  since  before 
the  origin  of  living  matter.  Heat  produces  its  syntheses  in  a  very  rough 
manner  by  the  mechanical  shocks  of  the  rapidly  vibrating  molecules, 
or  by  the  vibrations  of  the  atoms  in  the  molecules ;  but  light,  by  a  finer 
mechanism,  its  shorter  waves,  picks  out  the  very  bonds  of  the  atoms 
themselves,  the  valence  electrons,  and  tears  them  away  from  or  in- 
jects them  into  atoms.  Light  is  thus  an  enormously  more  powerful 
chemical  agent  than  heat.    It  seems  from  the  work  of  Drnde  and  his 
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successors  tliat.  it  is  the  valence  electrons  which  have  the  property  of 
vibrating  with  light,  and  these  are  responsible  for  the  refractive  and 
color  properties  of  substances.  Of  the  light  waves  it  is  particularly  the 
short  ultra-violet  rays  which  are  most  powerful. 

The  synthesis  of  the  monosaccharides  from  carbon  dioxide  and 
water  is  at  present  carried  on  only  in  the  chlorophyll  or  other  pigment- 
bearing  plants  such  as  the  red  or  blue-green  algae;  but,  as  we  shall  see, 
chlorophyll  is  not  necessary  for  this  synthesis;  it  only  makes  possible 
the  utilization  of  parts  of  the  spectrum  which  otherwise  cannot  be  used. 
The  synthesis  occurs  in  the  chlorophyll  bodies  composed  of  chlorophyll 
arid  protoplasm;  in  these  bodies  carbon  dioxide  and  water  unite  in  the 
sunlight  to  form,  carbohydrates  and  liberate  at  the  same  time  oxygen. 
If  green  leaves  are  exposed  to  carbon  dioxide  and  sunlight  starch  appears 
in  them.  The  same  leaves  in  the  dark  make  no  starch  and  that  which 
existed  already  disappears.  Chlorophyll  is  not  necessary  for  the  trans- 
formation of  a  monosaccharide  into  a  polysaccharide  since  glucose  turns 
into  starch  in  the  roots,  or  tubers. 

The  method  of  the  synthesis  of  the  monosaccharides  while  in  some 
particulars  still  obscure  has  been  greatly  illuminated  by  the  discovery 
that  light  itself,  and  particularly  ultra-violet  light,  even  in  the  absence 
of  all  chlorophyll  or  protoplasm,  will  make  formaldehyde  and  oxygen 
from  a  mixture  of  carbon  dioxide  and  water.  This  has  been  the  work  of 
Berthelot  and  Gaudichon.  For  this  synthesis  ultra-violet  light,  that  is 
light  of  very  short  wave  length,  beyond  the  spectrum  visible  to  our 
eyes,  is  most  effective.  If  a  mixture  of  carbon  dioxide  and  water  is 
illuminated  by  the  light  of  a  mercury  arc  in  a  tube  of  pure  silica,  this 
light  being  particularly  rich  in  ultra-violet  rays  and  silica  not  absorbing 
them  as  does  glass,  it  has  been  found  that  the  mixture  very  quickly 
contains  hydrogen,  oxygen,  carbon  monoxide,  carbon  dioxide,  formalde- 
hyde and  hydrogen  peroxide.  The  reaction  goes  to  the  point  of  equi- 
librium ;  it  is  never  complete.  If  one  start  with  a  carbohydrate  solution, 
or  with  formaldehyde  and  oxygen,  the  reaction  is  reversed  to  the  same 
mixture,  as  if  one  started  with  carbon  dioxide  and  water.  The  reaction 
which  ensues  may  be  written  thus : 

Light  -f  2C0^  +  2H^0 0^  -j-  CO  -f  CH^O  +  H^O^ 

The  energy  of  the  ultra-violet  light  has  been  absorbed  and  appears  as 
the  potential  energy  of  the  system  "  oxygen-formaldehyde."  It  is  gen- 
erally stated  that  the  energy  goes  into  the  formaldehyde  as  potential 
chemical  energy,  but  this  is  not  strictly  true:  the  energy  is  really 
represented  by  the  system,  "  O2 — H2,"  and  by  the  system,  "  Oxygen- 
formaldehyde,"  for  by  the  reunion  of  these  substances  the  energy  is  set 
free.  In  a  still  narrower  sense  the  energy  may  be  said  to  be  locked  up 
in  the  oxygen  molecule ;  the  oxygen  atom  in  an  elemental  condition  being 
anl'MiWy  less  stablT  (in  the  presence  of  water)  owing  to  its  having  our 
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negative  electron  less  than  in  the  ionic  form,  or  when  it  is  united  with 
iiydrogen  or  carbon. 

Oxygen  seems  particularly  sensitive  to  the  action  of  these  light  waves, 
a  great  many  organic  compounds  being  easily  oxidized  in  light  and  in 
the  presence  of  oxygen,  but  being  quite  stable  in  the  dark  in  the  presence 
of  oxygen;  or  in  light,  iu  the  absence  of  oxygen.  Cholesterol,  for  ex- 
ample, behaves  in  this  way.  The  light  syntheses  are  also  independent, 
or  largely  independent,  of  temperature,  so  tha,t  light  syntheses  and  de- 
compositions will  occur  at  low  as  well  as  at  high  temperatures.  In  short, 
the  chemist  has  in  light  an  enormously  more  efficient  and  finer  agent  for 
chemical  syntheses  than  he  has  in  heat. 

How  very  powerful  these  ultra-violet  radiations  areis  made  apparent 
by  their  action  on  the  skin.  An  exposure  of  the  skin  to  the  light  of  a 
quartz  mercury  tube  for  thirty  seconds  is  often  sufficient  to  cause  as 
severe  a  sunburn  as  one  will  ordinarily  have  after  a  day's  exposure  to 
the  sun;  and  the  destructive  action  of  the  rays  on  the  retina  or  cornea 
is  said  to  be  so  great  that  glass  spectacles,  preferably  darkened,  must 
always  be  worn  in  conducting  these  experiments.  Blindness  is- easily 
produced  by  the  rays.  Their  powerful  irritant  action  on  the  skin  is 
made  use  of  therapeutically  in  treating  skin  diseases  by  sunlight  or  by 
the  Pinsen  method.  The  irritant  action  of  these  rays  greatly  aggravates 
the  skin  eruption  in  smallpox.  It  is  an  interesting  fact  that  although 
these  rays  irritate  the  cornea  in  so  destructive  a  manner  they  do  not 
give  rise  to  a  sensation  of  light.  We  cannot  see  by  them.  There  are, 
however,  creatures  which  can.  Ants  perceive  the  longer  of  these  ultra- 
violet radiations;  but  on  the  other  hand  they  cannot  perceive  light  at 
the  other  end  of  the  spectrum  which  is  readily  perceived  by  us,  conse- 
quently ants  under  a  brownish-red  glass  which  absorbs  the  violet  end 
of  the  spectrum  are  in  darkness  to  them,  whereas  we  can  watch  them 
without  difficulty.  The  ultra-violet  rays  from  the  sun  are  for  the  most 
part  absorbed  in  passing  through  the  atmosphere,  being  absorbed  by  the 
oxygen  and  moisture  of  the  air.  But  since  carbon  dioxide  is  always 
present  in  the  air  it  is  interesting  to  reflect  that  the  fundamental  syn- 
thesis of  formaldehyde  is  probably  going  on  all  the  time  in  the  air  at 
the  expense  of  these  rays ;  and  H^Oo  and  hydrogen  are  constantly  form- 
ing. Before  the  carboniferous  period,  when  the  coal  now  locked  in  the 
earth  was  partly  in  the  air  as  carbon  dioxide,  this  synthesis  may  have 
been  far  more  extensive  than  it  is  to-day.  Ultra-violet  light  is  then 
absorbed  by  carbon  dioxide  and  water  and  the  energy  thus  absorbed 
becomes  potential  energy  represented  chiefly  by  the  system  oxygen- 
formaldehyde. 

The  amount  of  ultra-violet  light  reaching  the  earth's  surface  after 
passing  the  atmosphere  is  small,   and  the  advantage  of  chlorophyll 
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appears  to  be  that  it  makes  possible  the  utilization  of  the  longer  light 
vibrations,  which  reach  the  earth  in  greater  abundance,  or  with  more 
energy  in  them.  Chlorophyll  absorbs  in  the  red  or  orange  iend  of  tlie 
spectrum  and  has  hence  a  green  color.  The  energy  of  the  absorbed  red 
light  is  then  used  in  the  synthesis  of  formaldehyde,  just  as  the  ultra- 
violet light  is  used  in  the  absence  of  chlorophyll.  It  has  been  suggested 
that  eholorophyll  acts  the  part  of  a  transformer,  absorbing  the  long  Waves 
and  either  giving  off  shorter  ultra-violet  vibrations  or  in  an  indirect 
way  bringing  the  same  synthesis  to  pass.  Chlorophyll  seems  to  act  much 
the  part  of  the  light  sensitizers  added  to  photographic  plates  to  make 
them  sensitive  to  the  red  end  of  the  spectrum.  The  exact  manner  of 
action  of  the  chlorophyll  is,  however,  not  yet  clear.  It  has  been  shown 
by  Priestly  and  Usher  that  chlorophyll  extracted  from  leaves  has  the 
property  of  forming  formaldehyde  from  sunlight,  carbon  dioxide  and 
water,  so  that  living  matter  is  not  necessary  for  this  fundamental  syn- 
thesis. It  is,  no  doubt,  not  without  significance  that  chlorophyll  solutious 
are  fluorescent  and  that  uranium  salts  seem  to  have  a  similar  photo- 
dynamic  action  on  carbon  dioxide. 

Formaldehyde,  CH2O,  thus  formed  is  itself  the  simplest  of  the  carbo- 
hydrates. If  made  very  faintly  alkaline  it  has  been  found  that  it  trans- 
forms itself  spontaneously  by  condensation  into  a  mixture  of  sugars 
called  fprmose  or  acrose.     This  condensation  goes  probably  as  follows: 

2H  C  =  0  — ►  C  H  O  . 

2  2      4? 

Further  condensation  leads  to  the  hexoses.  This  transformation  is  all 
down  hill  as  far  as  the  energy  goes.  That  is,  the  reaction  is  exothermic-, 
one  molecule  of  a  hexose  liberates  less  energy  on  oxidation  than  do  six 
molecules  of  formaldehyde. 

The  transformation  of  formaldehyde  into  a  true  monosaccharide  is 
not,  however,  produced  in  plants  by  an  alkaline  reaction  for  plant 
protoplasm  is  almost  neutral  in  reaction.  It  has  a  hydrogen  ion  con- 
centration of  about  2X10~'  normal.  The  condensation  of  formal  would 
be  slow  under  these  conditions.  Moreover  plants  make  different  sugars 
so  that  the  transformation  must  be  directed  or  regulated  in  some  way. 
It  is  necessary,  in  order  that  the  light  synthesis  should  go  steadily  for- 
ward, that  the  oxygen  and  the  formaldehyde  should  be  removed  from 
the  reaction  as  quickly  as  possible  so  that  equilibrium  cannot  be  estab- 
lished. An  additional  reason  for  the  removal  of  the  formal  is  that  the 
latter  Is  very  toxic  and  it  must  be  changed  to  some  non-toxic  substance. 
Plants  possess,  to  accomplish  these  ends,  a  catalytic  agent  of  some  kind 
as  yet  nnknown  which  converts  the  formaldehyde  almost  as  quickly  as 
it  is  formed  into  hexose  or  pentose,  so  that  at  any  instant  of  time  there 
is  not  more  than  a  trace  of  the  aldehydfeiH- the  leaves,    As  has  been  said, 
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hydrogen  peroxide  is  formed  in  the  light  reaction,  but  as  all  cells  possess 
a  catalase  to  convert  this  into  oxygen  and  water,  oxygen  is  at  once  freed 
and  escapes.  Hydrogen  peroxide,  if  it  accumulates,  would  destroy  the 
chlorophyll.  It  is  probable  that  some  animal  cells,  as  well  as  plants, 
are  able  to  convert  formaldehyde  into  a  sugar,  since  some  animals  have 
chlorophyll  and  can  form  starch.  Volvox  and  Euglena  viridis  have  this 
power.  It  has  recently  been  stated  that  turtle's  liver  can  convert  for- 
maldehyde into  glycogen,  but  the  proof  is  not  yet  convincing. 

It  is  probable  that  not  all  the  formal  produced  by  light  synthesis, 
or  which  may  be  produced  in  the  reverse  process  of  the  decomposition 
of  the  carbohydrates,  is  used  in  making  carbohydrate.  Formal  is  ex- 
tremely reactive,  combining  with  amino-groups  (NHj)  wherever  they 
are  unsubstituted  to  make  methylene  derivatives,  K — ^N=:CH2,  which, 
by  reduction,  become  methyl  derivatives.  Many  methylated  bases  are 
found  in  plants  and  some  also  in  animals.  Such  bases  are  choline, 
stachydrine,  betaine,  creatine.  It  is  very  interesting,  also,  that  similar 
methylations  happen  in  the  animal  body  when  pyridine  and  some  other 
compounds  are  ingested,  a  fact  which  would  indicate  that  formaldehyde 
might  be  an  intermediate  product  of  carbohydrate  metabolism  in  ani- 
mals, as  well  as  in  plants.  So  far  as  the  author  knows  it  has  not  yet 
been  isolated  from  animal  tissues  as  it  has  from  plants,  but  formic  acid 
is  found  in  the  brain  and  elsewhere. 

The  chemical  composition  of  chlorophyll,  which  has  this  wonderful 
function  in  the  world,  is  not  yet  known.  It  is  easily  extracted  from 
leaves  by  ether,  but  is  then  mixed  with  various  lipin  impurities.  When 
decomposed  it  yields  pyrrol  derivatives  like  hemoglobin,  the  coloring 
matter  of  the  blood.  It  is  evidently  related  more  or  less  closely  to  the 
hematin  of  hemoglobin,  hemopyrrol  being  identical  with  phytopyrrol. 
Unlike  hemoglobin  it  contains  no  iron,  but  the  plant  must  have  iron 
for  its  synthesis.  Its  close  relationship  to  hemoglobin  is  further  estab- 
lished by  the  discovery  of  the  plant  chromoproteins,  phycoerythrin 
and  phycocyan,  which  are  crystalline  conjugated  proteins  like  hemo- 
globin, but  they  are  found  in  plants  and  are  closely  related  to  their 
chlorophyll.  Chlorophyll  contains  magnesium  in  its  molecule,  and  it 
has  been  suggested  that  its  powers  depend  on  the  presence  of  this  ele- 
ment. But  there  is  no  good  reason  for  this  supposition  except  that 
magnesium  is  used  by  chemists  for  certain  condensations,  although 
under  widely  different  conditions  from  those  prevailing  in  plant  tissues. 
Hemoglobin  also  absorbs  light,  but  it  is  the  light  chiefly  at  the  violet  end 
of  the  spectrum,  although  there  are  sb^me  bands  in  the  green.  By  this 
absorption  the  blood  pigment  is  supposed  to  protect  the  delicate  tissues 
from  the  irritant  action  of  the  more  refractive  rays.  It  has  recently 
been  suggested  that  the  iron  which  is  always  present  in  the  chloroplasts 
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of  plant  cells  plays  a  very  important  part  in  the  synthesis  of  for- 
maldehyde as  well  as  of  the  chlorophyll.  There  can  be  no  doubt  that 
many  colorless  plant  tissues,  if  exposed  to  light  and  if  they  contain  iron, 
are  able  to  synthesize  chlorophyll. 

Special  properties  of  various  carbohydrates.  A,  monosaccharides. 
— d^Levulose  or  d-Fructose.  This  is  one  of  the  most  unstable  of  the 
monosaccharides.  It  is  a  levo-rotatory,  ketose  hexose.  It  shows  the  prop- 
erty of  mutarotation.  The  d-  does  not  mean  that  it  is  dextro-rotatory, 
but  that  it  is  related  to  d-glucose,  which  is  dextro-rotatory.  When  first 
dissolved  the  solution  exhibits  a  much  greater  rotatory  power  than  after 
standing.  The  specific  rotation  of  the  fresh  solution  is  [a]D= — 133.5° 
but  it  falls  gradually  to  [a]^  =—92.0°.  The  final  rotation  is  obtained 
quickly  by  the  addition  of  a  small  amount  of  sodium  carbonate,  or  other 
weak  alkali.  It  is  one  of  the  sweetest  of  the  sugars,  being  sweeter  than 
glucose.  It  is  widespread  in  nature,  being  a  constituent  of  many  di-  and 
polysaccharides.  It  is  one  of  the  constituents  of  cane  sugar,  melitose 
and  lupeose,  and  inulin  (CaHioOs)  ^,  a  polysaccharide  of  the  dahlia  bulb, 
dandelion  root,  burdock,  chicory,  etc.,  is  composed  of  levulose.  It  re- 
duces alkaline,  or  neutral,  solutions  of  copper  salts  at  a  rate  faster  than 
does  glucose,  but  the  total  amount  of  cuprous  oxide  formed  per  molecule 
of  sugar  is  less  than  in  glucose.  It  is  prepared  readily  by  the  hydration 
of  inulin  by  water  at  100°,  or  by  the  hydrolysis  of  cane  sugar  by  sul- 
phuric acid.  To  prepare  it  from  cane  sugar  the  mixture  of  glucose  and 
levulose  known  as  invert  sugar  is  freed  from  acid,  concentrated,  cooled 
and  calcium  hydrate  added.  Levulose  is  precipitated  as  the  calcium 
salt,  which  is  filtered,  suspended  in  water  and  decomposed  by  carbonic 
acid.  Pure  levulose  is  white  and  crystallizes  in  small  needles  (m.  p.  95°), 
or  in  a  dense  mass,  which,  on  standing,  slowly  decomposes,  particularly 
in  the  light,  and  becomes  a  faint  yellow  color.  Levulose  is  easily  fer- 
mentable by  yeast,  since  the  last  four  carbon  atoms  have  the  same  eon- 
figuration  as  d-glucose,  and  for  this  reason  it  was  called  by  Fischer 
d-levulose,  although  levo-rotatory.  d-  and  1-levulose  have  been  syn- 
thesized by  the  action  of  weak  alkali  upon  formaldehyde.  The  mixture 
was  called  «-acrose.  When  heated  with  hydrochloric  acid,  solutions  of 
levulose  turn  a  deep  orange-red  and  by  this  reaction  they  may  be  easily 
distinguished  from  glucose  solutions.  Levulose  may  also  be  distin- 
guished by  the  reaction  of  Seliwanoff  described  on  page  865.  It  forms 
glucosazone,  m.  p.  205°  C.  Levulose  together  with  other  sugars  is  formed 
spontaneously  from  glucose  by  the  action  of  very  weak  alkali. 

The  mutarotation  of  levulose  is  probably  due,  like  that  of  glucose, 
to  the  fact  that  it  exists  in  solution  in  two  forms,  an  a  and  /S  lactone 
form,  the  beta  form  being  very  much  stronger  rotatory  than  the  other. 
The  ketone  and  lactone  forms  suggested  are  the  following: 


60 


PHYSIOLOGICAL   CHEMISTRY 


HO 


CHOH 
i  =  0 


HO— C- 


CH  OH 

I 


H 


L 


H— C— OH 
H— C— OH 
CHOH 


HO— C— H 
I 
-C 

I 


H- 


OH 


H— C— 0 

in  OH 


Ketone  form.  Lactone  form. 

d-Glucose  or  Dextrose.  Also  called  grape  sugar.  CeHijOg.  This 
is  the  chief  constituent  of  commercial  glucose  and  is  formed  by 
the  action  of  dilute  acids  on  starch;  it  is  one  of  the  constituents 
of  cane  sugar  and  is  found  free  in  the  sap  of  most  plants,  in  the 
juice  of  many  fruits  (cherry  11%)  and  in  the  blood  of  many  ani- 
mals. Together  with  levulose  it  occurs  in  fruits  and  it  may  undoubtedly 
he  called  the  most  important  monosaccharide.  The  glucose  found  in 
nature  is  d-glucose ;  it  is  dextro-rotatory,  the  specific  rotatory  power  being 
either  +113.4°,  or  +19°,  as  it  exists  in  two  varieties.  Ordinary  glucose 
in  water  solution  has  the  specific  rotatory  power  of  +52.2°,  being  a 
mixture  of  the  other  two  varieties,  «  glucose  and  /S  glucose.  This  mix- 
ture is  sometimes  called  y  -glucose.  In  a  fresh  solution  only  the  first, 
or  ty,  variety  exists,  but  it  slowly  transforms  itself  into  the  ^  variety 
until  a  point  of  equilibrium  is  reached.  This  happens  when  there  is 
present  .368  parts  of  the  first  and  .632  parts  of  the  second.  This  is  the 
explanation  of  the  mutarotation  which  such  solutions  show.  The  point 
of  equilibrium  is  reached  only  after  a  day  at  ordinary  temperature  and 
in  neutral  reaction ;  but  the  addition  of  even  a  small  amount  of  alkali 
brings  it  to  pass  in  a  few  minutes.  The  two  forms  of  the  glucose  are 
supposed  to  have  the  structural  formulas  shown  as  follows: 

HO— C— H 

H— c— o3l 

HO— C— H 
H— e— 0— 
H— C— OH 


/3-d-glucose. 


a-d-glucose. 


aoH 
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The  osazone  melts  at  205°  C.  Dextrose  ei-ystallizes  with  one  molecule 
of  water  at  ordinary  temperatures  having  a  melting  point  of  86";  from 
L'onr-enti'atcd  solutions  Ht  higher  temperatui-es  it  crystallizes  anhydrous, 
ill.  p.  l-tO". 

Commercial  glucose,  or  corn  syrup,  as  it  is  often  called  in  America, 
is  made  by  the  action  of  dilute  acid,  generally  hydrochloric,  on  potato 
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Starch  abroad,  but  oiit  of  corn  starch  in  America.  Sulphuric  acid  was 
at  one  time  used  in  the  hydrolysis  and  still  is  in  some  localities.  The 
syrup  known  as  commercial  glucose  contains  often  a  large  proportion 
of  dextrins  as  well  as  glucose.  There  have  been  in  the  past  cases 
of  arsenical  poisoning  from  the  use  of  glucose  prepared  from  sulphuric 
acid  which  contained  arsenic.  One  such  case  occurred  in  England  and 
resulted  in  the  death  of  several  persons.  If  commercial  glucose  con- 
tained only  dextrose  and  dextrins,  no  objection  could  be  taken  to  its  use 
as  a  food,  except  on  the  ground  that  it  is  less  sweet  than  cane  sugar, 
and  it  may  be  used  as  an  adulterant  of  cane  syrup.  Unfortunately, 
however,  the  purity  of  the  commercial  article,  as  is  shown  by  the  accir 
dent  just  referred  to  where  it  was  used  in  brewing,  is  not  always. above 
suspicion.  A  further  difficulty  arises  from  the  fact  that  purified  starch 
may  not  be  used  as  the  raw  product,  and  the  possibility  exists  that  other 
substances  of  a  non-carbohydrate  nature  may  find  entrance  to  the  final 
product. 

The  fermentation  of  glucose  by  yeast,  with  the  production  of  alcohol, 
carbon  dioxide  and  some  other  substances  in  small  amounts,  is  one  of 
the  most  important  reactions  with  which  the  physiological  chemist  has 
to  deal  and  it  has  of  recent  years  been  the  subject  of  many  investigations, 
but  its  mechanism  is  still  obscure.  The  discovery  of  the  mechanism 
of  this  process  would  possibly  reveal  the  manner  in  which  the  dextrose 
molecule  is  broken  down  in  the  course  of  metabolism  and  the  deter- 
mination of  this  fact  is  one  of  the  most  fundamental  problems  of 
metabolism  and  nutrition.  Many  practical  advantages  would  probably 
come  from  its  discovery.  The  fermentation  is  brought  about  by  an 
enzyme,  zymase,  which  does  not  dissolve  out  of  the  yeast  cell  as  long 
as  it  is  alive  and  is  accordingly  called  an  endoenzyme.  It  was  obtained 
by  Buchner  by  grinding  the  yeast  with  sand,  mixing  it  with  diatomaceous 
earth  and  pressing  the  liquid  out  with  an  hydraulic  press.  It  may  also 
be  obtained  by  treating  yeast  with  acetone,  or  the  vapors  of  methyl 
alcohol,  and  in  other  ways  which  cause  the  discharge  of  the  fluid  con- 
tents of  the  yeast  cell.  The  nature  of  this  fermentation  change  in  glucose 
will  be  referred  to  again  in  the  chapter  on  the  metabolism  of  the  carbo- 
hydrates. 

d-Galactose.  This  monosaccharide,  a  hexose  aldose,  is  found  both  in 
animals  and  plants.  In  the  animal  body  it  is  made  in  the  mammary 
glands  and  forms  one  of  the  constituents  of  lactose,  or  milk  sugar,  the 
other  constituent  being  glucose;  it  possibly  occurs  also  in  the  glyco- 
protein, mucin,  of  the  saliva;  and  it  is  an  important  constituent  of 
phrenosin  and  kerasin,  substances  making  part  of  the  myelin  sheaths 
of  nerves.  It  appears  in  the  nervous  system  at  the  time  myelination 
begins.    In  plants  it  occurs  in  the  hemi-cellulose  of  the  endosperm  of 
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Molinia  coerulea  which  yields  on  hydrolysis  galactose,  mannose  and 
arabinose;  and  also  in  the  seed  coats  of  peas  and  garden  beans  (Phaseolus 
vulgaris)  which  yield  fructose,  galactose  and  arabinose.  Schulze  states 
that  carbohydrates  yielding  mucic  acid  when  oxidized,  and,  hence,  con- 
taining galactose,  are  almost  as  widespread  in  plant  seeds  as  cane  sugar. 
Lupeose,  which  is  probably  a  tetrasaccharide  from  the  seeds  of  Lupinus 
luteus  and  angustifolius,  by  hydrolysis  yields  one-half  of  the  sugar  as 
galactose.  Lupeose  is  closely  similar  to  stachyose  and  to  a  carbohydrate 
from  the  seeds  of  Cicer  aretrium.  Galactose  (m.  p.  162-164°)  is  a  weaker 
acid  than  levulose,  but  a  little  stronger  than  glucose.  In  a  copper  acetate 
solution  the  oxidation  goes  at  a  slightly  greater  speed  than  that  of  glu- 
cose, but  far  slower  than  levulose.  (See  page  40.)  On  oxidation  in  an 
acid  medium  by  bromine,  or  chlorine,  or  nitric  acid,  it  yields  galactonic 
acid,  CoHijO;,  and  mucic  acid,  CeHioOj.  It  is  by  the  latter  reaction 
that  it  can  be  distinguished.  It  is  fermented  very  slowly  by  ordinary 
yeast.  It  is  interesting  that  mucic  acid  corrodes  teeth  in  a  manner 
closely  similar  to  the  corrosion  occurring  in  the  mouths  of  some  people. 
It  may  be  the  active  principle  of  this  corrosion.  Galactosazone  melts 
at  192-195°.    The  specific  rotation  of  galactose  is 

(a)^°=  -|-  80.5  ( 10%  solution)  ;  when  first  dissolved  (a)^=  -f  144°. 

"  Glucosides.  These  are  bodies  widespread  in  nature,  found  both  in 
animals  and  plants,  which  are  characterized  by  the  fact  that  on  hydroly- 
sis by  acids  they  yield  glucose,  or  some  other  monosaccharide.  They 
are  in  reality  ethers,  that  is  compounds  of  some  alcohol  with  the  aldehyde 
group  of  the  glucose  or  carbohydrate.  Since  they  contain  no  free  alde- 
hyde they  yield  no  osazones,  nor  do  they  reduce  Fehling's  solution  with- 
out previous  inversion.  The  simplest  glucosides  are  the  methyl  and  ethyl 
glucosides  produced  by  the  union  of  methyl  or  ethyl  alcohol  and  glucose, 
in  the  presence  of  hydrochloric  acid.  Other  sugars  as  well  as  glucose 
yield  such  unions.  Thus  there  are  pentosides  in  some  of  the  simpler 
nucleic  acids  and  glucosides  in  the  more  complex.  The  pentose  in  the 
former  case  is  d-ribose  and  the  other  component  guanine  or  adenine. 
The  formula  of  methyl  glucoside  is  the  following  (Fischer) : 


H— C— OH 


(il 
|3-Methyl-gIucoside.         a-Methyl-ghieoside. 


DHOH 

2 
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There  are,  as  will  be  seen  from  the  formula,  two  classes  of  glucosides : 
the  a  and  the  /?.  The  former  are  split  by  maltase ;  the  latter  by  the 
enzyme,  emulsin.  Lactose  is  a  /S-glucoside.  The  following  table  ^  will 
give  some  idea  of  the  variety  and  importance  of  this  group  of  substances. 
Many  of  them  form  the  active  principles  of  some  of  the  best-known 
drugs.  The  formation  of  these  glucosides  in  plants  is  probably  in  the 
nature  of  a  detoxication  of  the  poisonous  alcohols,  such  as  salicylic  or 
hydroquinone,  by  their  union  with  glucose.  The  glucosides  are  inert  in 
the  plants  (Ciamician  and  Ravenna). 
1.    Ethylene  derivatives. 

Sinigrin.  The  postassium  salt  of  myronic  acid,  C  H  NS  KO  H  0.  Found  in 
black  mustard  and  horse  radish.  Has  a  burning  taste.  Decomposes  on 
hydrolysis  into  glucose,  allyl  mustard  oil,  and  potassium  bisulphate.  Fer- 
mented by  the  enzyme  myrosin,  found  in  mustard.  The  formula  is  as 
follows : 


C.Hu05-S-9N-CH^+H^O   -*  C,H^0,  +  C3H^NCS+KHS0^ 

Allyl  mustard  oil 
( Allyl-iso-thiocyanate ) 


O — SO  OK     Dextrose.    Allyl  mustard  oil 


Sinalbin,  ^^J^f^^^^^-  Found  in  white  mustard  (Sinapis  alba).  It  hy- 
drolyses  into  mustard  oil,  HO.C  H  CH  .NCS,  glucose  and  sinapin  sulphate, 
a  compound  of  choline  and  sinapinic  acid  and  sulphuric  acid.  Its  formula 
is  as  follows: 

C  H,  O  .S.C.NCH  .C  H  OH 

6      11     5         ^  2      6      4 

O.SO^.OC^^H^^OjN 
Sinapin  is  (CH  0)„C  H  .CH:CH:CO.O.C  H  .N(CH  )  OH 

*  ^  3'2|62  24^33 

OH 


Choline. 


Sinapinic  acid. 

2.  Benzene  derivatives.    Arbutin,  C    HO,  composed  of  glucose  and  hydroquinone, 

is  found  in  the  bearberry.  It  has  a  diuretic  action,  and  some  antiseptic 
powers. 
Salicin,  also  called  saligenin,  is  found  in  the  willow.  C  H  O  .  Ftyalin  and 
emulsin  hydrolyse  it  to  glucose  and  saligenin,  ortho-oxybenzylalcohol, 
C  H  (OH).CH  OH.  Populin,  C  H  0  ,  a  benzoyl  salicin,  is  found  in  the 
bark  of  the  poplar,  Populus  tremula. 

3.  Styrolene  derivatives.     Derivatives  of  styrolene,  C  H  .CH:CH  . 

Coniferin,  C    H    0  .     Cambium  of  conifers.    By  emulsin  hydrolyzed  to,  glucose 

and  coniferyl  alcohol. 
Phlorhizin,   C    H    O    .     Root   bark  of  cherry  and   other   fruit  trees.     Yields 

21       24      1)  '' 

glucose  and  phloretin,  C  H  0  ,  the  phloroglucin  ester  of  paraoxyhy- 
dratropic  acid.  Produces  glucosuria  in  mammals.  C  H  0  +  H  O  = 
OH.C  H  .CH(COOH).CH   +C  H  O  .  *°         ' 

6      4  '  3     '^      6      6     3 

p-oxyhydratropic  acid.    Phloroglucin. 

4.  Anthracene  derivatives. 

In  this  group  occur  many  of  the  purgatives.  The  sugar  may  be  rhamnose 
in  place  of  glucose.  Chrysophanic  acid  and  emoidine  of  rhubarb  occur  as 
glucosides,  or  rhamnosides.  Similar  substances  are  found  in  Frangula  and 
Jalap.  Digitoxin,  saponin  and  strophanthin  are  also  glucosides. 
•  Abbreviated  from  a  similar  table  in  the  Encyclopaedia  Britaiinica,  article 
"  Glucosides." 
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Amygdalin,  CzoHjiNOn,  a  glucoside  in  the  bitter  almond,  is  decom- 
posed by  maltase  into  glucose  and  mandelic  nitrile  glucose,  and  the  latter 
substance  by  emulsin,  a  ferment  found  with  the  amygdalin,  iato  glucose, 
benzaldehyde  and  hydrocyanic  acid. 

Saponin,  a  glucoside  from  Sapindus  utilis,  yields  on  hydrolysis 
dfructose,  arabinose,  rhamnose  and  sapogenin,  CigHjgOj.  The  saponin 
of  horse-chestnuts  yields  sapogenin  and  arabinose,  d-glucose  and 
d-fructose  (Winterstein  and  Blau). 

We  may  mention  also  the  fact  that  glucose  enters  in  similar  glucoside 
union  to  make  many  important  animal  substances,  as,  for  example,  some 
of  the  phosphatides  which  we  shall  consider  more  at  length. 
Table  II.    Iixusteating  the  Hydrolyzinq  Action  op  Vaeious  Enzymes  on  Dif- 

FEEENT   GlUCOSIDES. 

Glucosides  acted  upon  and  hydrolyzed  by 


I 

n 

ni 

Invertin 

Maltase 

Emulsin 

Saccharose 

Maltose 

Amygdaline 

Ra£Snose 

Methyl-d-glucoside-o 

Couiferine 

Gentianose 

Ethyl-d-glucoside-a 

Piceine 

Benzyl  glucoside 

Salicine 

Glycerine  glucoside-a 

Helicine 

Amygdaline 

Esculine 

Trehalose 

Arbutine 

Methyl-d-fructoside 

LactosF 

Methyl-d-galactoside-;8 
Benzyl-glucoside    (one    isomer) 
Glyceryl-glucoside     "        " 
Methyl-d-glucoside^ 

B.  Disaccharides. — Hexose  disaccharides  have  the  formula  CiaHjjO, , 
and  they  are  characterized  by  yielding  two  molecules  of  monosaccharides 
when  hydrolyzed.  The  hydrolysis  may  be  produced  either  by  propei- 
ferments  or  by  the  action  of  acids.  The  following  are  some  of  the  hexose 
disaccharides  which  have  been  obtained,  together  with  their  place  of 
•occurrence  and  the  monosaccharides  which  they  yield : 


Disaccharide 

Occurrence 

Yields  on 
bydrolyeis : 

Cane  sugar.    (Sucrose) 

Sugar  cane;  beets;  maple  tree  sap 

Levulose 

(Saccharose) 

(Saccharum  officinarum) 

Dextrose 

Maltose 

Germinating  barley 

Dextrose 

Digestion  of  starch 

Dextrose 

Lactose 

Milk 

Dextrose 
Galactose 

Trehalose 

Various    fungi.      Boletus 

Dextrose 

edulis.   Ergot.   Trehala 

Dextrose 

Mvlibiose 

From  melitosti  in  molasses 

Galactose 

Australian  manes. 

Dextrose 
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Disaccharides  have  been  artificially  synthesized.  Thus  two  molecules 
of  glucose  unite  in  the  presence  of  acids  to  form  a  small  amount  of 
isomaltose,  a  disaccharide  which  is  like  maltose  but,  differs  from  it  in 
being  amorphous  and  not  fermenting  with  yeast.  Cane  sugar  has  been 
synthesized  by  Marchlewski  from  potassium  fructosate  and  aeeto-chloro- 
glucose,  and  also  by  Nef  from  feebly  alkaline  glucose  solutions.  In 
fact,  it  is  probable  that  in  every  solution  of  glucose  a  small  amount  of 
maltose  or  isomaltose  is  formed  spontaneously,  but  in  the  absence  of 
acid,  or  the  ferment  maltase,  the  reaction  goes  very  slowly. 

Cane  sugar.  Beet  sugar.  Sucrose  or  Saccharose.  CijHjaOn.  This 
is  commercially  the  most  important  of  the  disaccharides.  It  is  a  crystal- 
line sugar,  very  sweet  to  taste,  which  reduces  Pehling's  Solution  so 
slowly  that  it  is  generally  said  not  to  reduce  it  at  all.  It  occurs  in 
sugar  cane,  beets,  sap  of  maple  trees,  etc.  It  is  readily  oxidized  in  acid 
solution.  It  is  dextro-rotatory,  the  specific  rotatory  power  being 
[«]^  =-j-66.67°  (varies  with  concentration).  It  melts  at  160°,  forming 
harley  sugar,  and  at  200°  is  changed  to  a  brown  mass  of  caramel  by 
the  loss  of  water.  It-  yields  saccharates  with  lime,  strontia  or  barium 
hydrate.  Cane  sugar  is  inverted,  that  is  changed  into  a  mixture  of 
glucose  and  levulose,  by  the  action  of  acids,  or  the  enzyme  invertih, 
which  is  found  in  beets,  in  the  intestinal  secretions  of  mammals,  in 
many  plants  and  in  yeast,  Saccharomyees  eerevisise.  The  fact  that  it 
does  not  reduce  Fehling's  solution  and  forms  neither  a  hydrazone  nor 
an  osazone,  leads  to  the  conclusion  that  the  aldehyde  and  ketone  groups 
cannot  be  free  but  must  be  substituted,  and  the  following  structural 
formula  has  been  proposed  for  it : 


-CH 0      CH  OH 


HO— OH 

H<i— OH 
I 


• :h 


HCi 


OH 


_  C— H     I     HCOH 

HCJOH     I CH 

I 


Fischer  formula  for  cane  sugar, 


!H  OH  CH  OH 

2  2 


When  cane  sugar  is  hydrolyzed  the  superior  rotating  power  of  the  levu- 
lose, as  compared  with  the  glucose,  causes  the  total  rotation  of  the  mix- 
ture, which  is  called  invert  sugar,  to  be  levo-rotatory,  in  place  of  dextro- 
rotatory. For  this  reason  the  sugar  is  said  to  be  inverted.  In  studying 
the  rate  of  rotation  in  the  polariseope  it  is  important  to  remember 
that  dextrose  has  a  very  great  mutarotation.  The  glucose  first 
set  free  from  the  levulose,  a-glucose,  has  a  very  high  dextro-rotation, 
so  that  the  inversion  progresses  faster  than  one  would  suppose  from  the 
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polarimetrie  determination.  This  error  can  be  avoided  by  adding  to 
the  invert  mixture  a  small  amount  of  sodium  carbonate,  which  causes 
the  glucose  to  take  its  stable  rotatory  power  almost  at  once,  and  the 
reading  will,  therefore,  enable  one  to  determine  the  amount  of  inversion 
which  has  taken  place  before  the  alkali  is  added.  The  specific  rotatory 
power  of  invert  sugar  is  [a'],D°  = — 19.84°  (e:=5). 

Lactase.  CjjHjjjOii+HjO.  This  is  the  sugar  of  milk,  present  to  the 
extent  of  about  5%  in  cow's  milk,  but  it  is  also  found  at  times  in  the 
urine  of  pregnant  animals  and  in  the  amniotic  liquid  of  the  cow.  It  is 
formed  in  the  mammary  glands.  It  is  not  nearly  so  sweet  as  cane  sugar 
and  unlike  it,  it  reduces  Fehling's  solution  as  readily  as  glucose.  It 
forms,  also,'  an  osazone  melting  at  200°  C.  When  hydrolyzed  by  acids  it 
breaks  into  galactose  and  glucose,  and  it  hydrolyzes  at  a  much  slower 
rate  than  does  cane  sugar.  It  is  also  hydrolyzed  by  an  enzyme,  lactase, 
found  in  the  intestinal  mucosa.  It  shows  mutarotation.  When  first 
dissolved  [ff]r  =+87°  (82.9?).  Its  final  specific  rotatory  power  is 
[a]f  =-(-52.53°.  Lactose  does  not  ferment  with  yeast  nor  can  it  be 
used  as  a  food  by  animal  tissues.  It  must  be  hydrolyzed  first.  It  is 
hydrolyzed  by  lactase  in  the  alimentary  canal,  and  fermented  by  several 
of  the  bacteria,  for  example  by  the  bacillus  coli  communis,  but  not  by 
the  typhoid  bacillus,  and  this  constitutes,  therefore,  one  way  of  distin- 
guishing these  two  species.  It  is  an  interesting  question  whether  lactose 
is  a  glucose-galactoside  or  a  galactose-glueoside.  In  other  words,  is  the 
aldehyde  group  of  the  galactose  or  of  the  glucose  concerned  in  the  union 
of  the  two  molecules.  This  point  can  be  determined  in  two  ways.  We 
may  oxidize  the  lactose  gently.  By  this  the  free  aldehyde  group  will  be 
oxidized,  but  not  the  substituted  one.  Then  by  hydrolysis  there  will  be 
obtained  either  galactonic  acid,  if  the  galactose  aldehyde  was  free;  or 
gluconic  acid,  if  the  glucose  aldehyde  was  free.  The  other  component 
will  be  present  as  a  hexose  and  it  can  be  separated  as  the  osazone. 
Another  method  is  to  form  the  osazone  of  the  sugar  and  then  th6  osone 
and  to  hydrolyze.  The  osone  obtained  indicates  in  which  part  of  the 
molecule  the  free  aldose  group  was  (Fischer  and  Armstrong).  By  these 
methods  it  has  been  found  that  lactose  is  a  glucose-galactoside.  That  is, 
the  aldehyde  of  the  galactose  is  substituted  by  the  glucose  molecule,  the 
free  aldose  being  the  glucose.  On  the  other  hand,  melibiose  is  a  galactose- 
glueoside.  The  structural  formula  of  lactose  is  hence  probably  that 
shown  on  the  next  page. 

Lactose  is  easily  distinguished  from  glucose  and  maltose  by  its  non- 
fermentability  by  yeast  and  by  its  yielding  mucic  acid  when  heated  with 
nitric  acid.  It  is  split  by  emulsin,  but  not  bj-  ptyalin.  Since  the  free 
aldehyde  group  of  lactose  is  in  the  glucose  molecule,  bromine  water 
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oxidizes  this  group,  forming  lactobionic  acid,  CuHj^Otj,  which  on  hy- 
drolysis is  converted  into  d-gluconic  acid  and  galactose. 

H  H 

0 C— H 


-i- 


H— d— OH  HO— (J— H 

HO— C— H  HO— C— H 

— O— i— H  H— C— OH 


•H 


3_(j_0H  HO— c— : 

CH  OH  CHO 

2 

d-galactose.  d-glucose. 

Formula  of  lactose. 

Maltose.  CijHjjOn+HjO.  This  is  one  of  the  commonest  and  most 
important  of  the  disaccharide  sugars.  It  is  formed  by  the  action  of 
amylase  on  starch,  and  since  both  the  enzyme  and  starch  are  almost 
universal  in  the  plant  world,  and  the  enzyme  and  animal  starch,  or 
glycogen,  widespread  in  the  animal  world,  maltose  is  very  common  in 
animal  and  plant  tissues.  It  crystallizes  readily  in  white  needles  which 
contain  one  molecule  of  water.  It  reduces  Fehling's  solution,  but  a  given 
weight  of  glucose  reduces  more  copper  hydrate  than  the  same  weight  of 
maltose.  It  forms  an  osazone,  more  soluble  than  glucosazone,  which  melts 
close  to  that  of  glucose  at  206°  C.  Maltose  is  dextro-rotatory,  its  specific 
rotation  being  ["]  p"°=+136,  computed  for  C12H22O11  and  after  stand- 
ing. The  beginning  rotation  is  +118.  On  hydrolysis  by  acids,  or  by  the 
enzyme  maltase,  it  splits  into  two  molecules  of  dextrose.  It,  like  cane 
sugar,  is  an  or-glucoside  and  is,  accordingly,  not  hydrolyzed  by  emulsin. 
(Contrary  to  lactose.)  Maltose  may  be  distinguished  from  glucose  by 
the  fact  that  when  heated  with  dilute  acids  the  reducing  power  of  the 
maltose  solution  increases,  whereas  that  of  glucose  undergoes  no  change. 
Maltose  is  not  so  sweet  as  cane  sugar  and  it  readily  ferments  with  yeast, 
showing  that  yeast  must  have  a  maltase  in  it.  It  is  possible  that  maltose 
may  be  directly  utilizable  by  animal  tissues,  but  this  is  still  in  doubt 
The  formula  of  maltose  is 

H 

I 

H— C- 


HO— C— H 
HO— C— H 

H— C— OH 
HO— C— H 


CHO  CH^OH 

d-glucoae.  d-glucose. 
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C.  Polysaccharides  which  are  colloidal  in  aqueous  solution,  or 
which  are  insoluble. — The  more  important  of  the  polysaccharides  are 
starch,  or  amylum,  cellulose,  glycogen,  dextrins,  various  gums,  mucilages 
and  inulin.  They  are  all  soluble  in  water  with  the  exception  of 
cellulose,  and  they  form  emulsoid  colloids,  which  may  be  precipitated  by 
salts.  Only  a  very  brief  account  of  some  of  their  properties  need  be 
given  here. 

The  formation  of  polysaccharides  from  monosaccharides  is  probably 
an  attribute  of  all  living  matter,  just  as  the  formation  of  proteins  from 
amino  acids  is  an  attribute  of  all  living  matter  without  exception.  This 
transformation  apparently  takes  place  very  easily.  Thus  a  small  amount 
of  alkali  will  cause  a  condensation  of  some  molecules  of  monosaccharides, 
and  small  amounts  of  acid  will  make  some  iso-maltose  from  glucose.  We 
do  not  know,  however,  how  this  transformation  is  produced  in  living 
matter.  Whether  the  condensation  is  due  to  a  simple  dehydration^  or 
whether  the  phenomena  of  oxidation  and  redaction  play  a  part  in  it.  It 
seems  in  animal  tissue,  at  any  rate,  that  the  synthesis  of  glycogen  from 
glucose  cannot  take  place  if  the  cell  is  anesthetized,  a  fact  which  is  taken 
by  some  to  indicate  that  the  respiration  of  the  cell  is  in  s6me  way 
involved  in  this  condensation.  The  whole  subject  is  a  fertile  field  for 
investigation.  .  ; 

Starch:  Starch,  or  amylum,  is  a  polysaccharide  of  dextrose  which  it 
jnelds  oh  hydrolysis  with  acids.  It  may  be  composed  of  maltose  groups, 
since  it  yields  maltose  on  hydrolysis  by  ptyalin,  an  enzyme.  The  for- 
lAulia  is  generally  given  as  (C8Hio05)n",  but  it  is  very  hard  to  prepare 
stai^eh  entirely  f rde  from  phosphoric  acid.  It  is  possible  that  phosphoric 
acid  is  in  union  with  the  starch  molecule.  The  size  and  composition  of 
the  starch  molecule  is  still  very  uncertain.  A  recent  deteitaination  by 
la-  coi&riihetric  method  of  the  number  of  hexose  molecules  in 'the  molecule 
of  silrhe  of  the  polysaccharides  gave  the  following  resultk: 

.''_^  ,^  Starch...........     7  hexose  groups. 

^iCiLsfS  ::iS.--  -Glycogen '';. ■..';:;' 8-9    "- 

/jv.'C'i  ■:::  i.i:i  :.   --i' •  Erythfo-dextrin -.-'.- --4  '■."-'-■«  \  -. 

Achroodextrin  ....     4       "  '-       "...     \    .    ..  ...  j    :  :  . 

Raffinose     3      "   ,        " 

Maltose    2      "    ; 

.tacfio8e-...-.-.-^^C.— 2 "-:  ■     "  • 

Soluble  starch,  yhichis-'iorroed  from  starctJjy-the  action  of  hot  water, 
dilute  acids  or  aii^ylasejjiid^tro-rotatory,  .,[ffjD^.,=+'190.24  (c=3.995). 
Brown,  Morris  and  ffilfeir  give  [ajn  =+2D2* 

Wheat  flour  cohta-itisj^ffiTimall  amount -M'sajcchkrose  and  raffinose  and 
also  some  amylase,  iivjlhe  -amylase  attackspthg-stftreh  in  dough,  setting 
free  maltose  which  ,^s  tlien  fermented  by  the'  yeast  with  the  liberation 
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of  carbon  dioxide.     Yeast  alone  is  unable  to  ferment  starch  since  it 
contains  no  amylase. 

Gums.  These  are  white,  gummy  substances  soluble  in  water  but  gen- 
erally precipitated  by  Fehling's  solution  and  very  widespread  in  nature. 
They  nearly  always  contain  phosphoric  acid,  which  it  is  impossible  to  get 
entirely  separated  from  the  organic  matter  without  hydrolysis,  and  also 
some  organic  acid  in  addition  to  the  polysaccharide.  The  phosphoric 
acid  appears  to  be  in  union  with  the  gum  molecule  and  it  is  not  impos- 
sible that  it  plays  a  very  important  part  in  the  synthesis  of  the  gum. 
These  may  be  complex  phosphatides.  The  gums,  like  the  starches,  form 
electro-negative  colloidal  solutions.  Gums  are  found  chiefly  in  the  plant 
world,  although  there  is  some  evidence  that  they  occur  also  in  the  ani- 
mal world.  There  is  one  always  associated  with  the  enzyme,  invertin. 
It  is  a  white  gum,  easily  obtained  from  brewer's  yeast.  It  yields  on 
hydrolysis  both  mannose  and  glucose.  Many  of  the  gums  contain  either  • 
rhamnose,  or  arabinose,  or  other  pentoses.  Thus  gum  arable  and  the 
gum  associated  with  the  enzyme  amylase  yield  arabinose  on  hydroly- 
sis. The  mucilages  resemble  the  gums  except  that  they  are  more 
hygroscopic  and  their  solutions  will  not  filter.  Gum  arable  is  one  of 
the  best-known  gums.    Many  of  the  gums  contain  galactose. 

Cellulose.  This  is  the  main  constituent  of  wood.  This  polysaccharide 
forms  the  main  part  of  the  wall  of  plant  cells.  It  is  also  found  in  some 
animals  such  as  the  tunicates.  There  are  probably  many  different  cellu- 
loses, but  the  composition  of  the  more  complex  members  of  the  group 
is  still  unknown.  Cellulose  is  insoluble  in  all  ordinary  solvents,  but  dis- 
solves'in  ammoniacal  copper  sulphate  solution  and  in  zinc  chloride  solu- 
tion in  hydrochloric  acid.  Cellulose  does  not  reduce  Fehling's  solution, 
but  on  hydrolysis  with  acid  it  yields  glucose  and  some  other  sugars 
which  do  reduce.  Nitric  acid  converts  cellulose  into  the  nitro-derivative 
known  as  guncotton,  a  very  explosive  substance.  Hemi-celluloses  are 
found  in  many  seeds  and  young  plant  tissues  and  they  serve  either  as 
reserve  foods  or  as  supporting  tissues.  They  yield  on  hydrolysis 
galactose,  arabinose  or  rhamnose,  mannose  and,  some  of  them,  fructose. 
They  are  probably  simpler  in  composition  than  the  celluloses.  Con- 
centrated sulphuric  acid  dissolves  cellulose,  which  may  be  precipitated 
from  it  by  the  addition  of  water.  The  cellulose  is  changed  by  this 
process  into  a  compound  which  gives  a  blue  color  with  iodine  (amyloid). 
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CHAPTER  III. 

THE  LIPINS.    PATS,  OILS,  WAXES,  PHOSPHATIDES, 

STEROLS. 

It  will  be  recalled  that  all  living  matter  contains  a  larger  or  smaller 
amount  of  organic  substances  which  are  soluble  in  alcohol,  ether  and 
other  fat  solvents.  These  substances  help  to  give  to  protoplasm  its  prop- 
erties of  containing  large  amounts  of  water  but  not  dissolving ;  and  also 
the  power  of  taking  up  readily  and  in  large  amounts  chloroform,  ether 
and  other  substances  soluble  in  fats  but  not  readily  soluble  in  water. 
They  are  among  the  fundamental  and  ever-present  constituents  of  living 
matter.  They  may  be  given  the  group  name  of  lipins  (Greek,  lipos,  fat). 
In  this  chapter  the  amount,  chemical  nature,  origin  and  some  of  the 
general  properties  of  the  more  important  of  these  substances  will  be 
considered,  while  certain  of  them  found  chiefly  in  some  special  tissue 
like  the  brain  will  be  dealt  with  more  completely  in  the  chapters  treating 
of  the  chemistry  of  the  organs. 

Properties. — While  the  group  of  lipins  contains  such  widely  dif- 
ferent chemical  substances  as  the  aromatic  essential  oils,  like  clove  oil; 
the  true  neutral  fats,  like  mutton  tallow ;  the  sterols,  which  are  aromatic 
alcohols,  and  the  phosphatides,  or  phospholipins,  which  contain  large 
amounts  of  phosphoric  acid,  the  members  of  the  group  all  possess  two 
or  three  properties  in  virtue  of  which  they  are  called  lipins.  These 
properties  are  their  greasy,  or  fat-like  feel,  their  solubility  in  chloroform 
and  fat  solvents,  and  their  insolubility  in  water.  They  constitute,  then, 
a  very  heterogeneous  group,  chemically  and  physiologically.  The  fol- 
lowing classification  based  on  that  proposed  by  Gies  will  give  a  general 
view  of  these  bodies : 

LIPINS.     CLASSIFICATION. 

LIPINS.     Constituents  of  protoplasm  having  a  greasy  feel;  soluble  in  alcohol-ether 

1.  (a)    Fats.    Neutral  esters  of  glycerol  and  fatty  a-cids  which  are  solid  at  20°  C. 
(b)    Fatty  acids. 

2.  Fatty  oils.     Neutral  esters  of  glycerol  and  fatty  acids  liquid  at  20°  C 

A.  Drying  oils.    Harden  on  exposure  to  light  and  air.    Linseed  oil. 

B.  Semi-drying   oils.     Thicken   slowly   on   exposure   to   light   and   air. 

Cottonseed  oil. 
0.     Non-drying  oils.     Remain  liquid  on  exposure  to  light  and  air.    Olive  ril. 
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3.  Essential  oils.     Volatile,  generally  odoriferous  substances  of  oily  and  of 

varied  chemical   nature,   being  aldbhydes,  acids,   terpenes,  alcohols,  etc. 
Oil  of  cloves,  turpentine,  wintergreen,  etc. 

4.  Waxes.    Esters  of  sterols  and  fatty  acids.    Beeswax,  carnauba  wax.    Sperm 

oil.    Spermaceti. 

5.  Sterols.     Alcohols,  generally  of  terpene  group,  solid  at  ordinary  tempera- 

tures.    Cholesterol,  phytosterol,  cetyl  alcohol,  myricyl  alcohol,  etc. 
(Oxidation  products  terpenic  acids.) 

6.  Phospho-lipins.     Phosphatides.     Patty  substances  yielding  on   hydrolysis 

phosphoric  acid  and  fatty  acids. 

A.  Mono-amino-monophospholipins.     Lecithin,  cephalin. 

B.  Di-amino-raonophospholipina. 

C.  Mono-araino-diphospholipins. 

7.  Glyco-lipins.     Fatty  substances  yielding  on  hydrolysis  fatty  acids  and  a 

carbohydrate,   generally    glucose   or   galactose.      Contain    no    phosphorus. 
Cerebron.    Kerasin.    Phrenosin. 

8.  Sulpho-lipins.      Fatty   substances  yielding  on  hydrolysis  fatly  acids   and 

sulphuric  acid.    Sulphatide  of  brain.    Protagon.   Nature  still  undetermined. 

9.  Amino-lipins.    Fatty  substances  containing  amino  nitrogen  and  fatty  acids. 

Contain  no  phosphorus.     Not  well  characterized.     Bregenin. 

Historical. — The  fats  were  the  first  of  the  three  great  classes  of  food 
stuffs  to  have  their  composition  determined.  This  was  the  work  of  the 
French  chemist,  Chevreul,  in  1814.  He  found  that  fats  were  saponifiable 
by  alkalies  into  glycerol  and  soap.  He  identified  and  named  eholesterin, 
or  solid  bile,  which  was  a  non-saponifiable,  fat-like  substance.  Chevreul 
is  notable,  also,  for  living  longer  than  any  scientist  since  Aristotle,  dying 
at  the  great  age  of  102,  in  the  year  1889. 

Amount. — The  amount  of  lipins,  that  is  of  ether-alcohol  soluble,  fat- 
like substances,  found  in  different  cells  and  tissues  is  widely  variable, 
and  the  character  of  the  lipin  is  peculiar  to  each  tissue,  but  in  general 
a  tissue  composed  chiefly  of  living  matter,  but  not  serving  as  a  depot 
of  fats,  contains  from  one  to  ten  per  cent,  by  weight  of  lipins.  Of 
the  total  organic  matter  of  a  rapidly-growing  tissue,  such  for  example 
as  an  embryo  pig,  about  1.6  per  cent,  is  lipin.  In  some  tissues,  how- 
ever, the  amount  is  much  greater.  In  the  sperm,  eggs,  brain  and  supra- 
renal capsules  of  mammals,  for  example,  the  lipin  makes  about  7.58  to 
19.51  per  cent,  of  the  fresh  tissue ;  and  in  those  tissues .  which  are 
the  storehouse  of  fat,  such  as  the  subcutaneous  fatty  tissue,  the 
mesenteric  fat,  or  bone  marrow,  even  as  much  as  90  per  cent,  by  weight 
may  be  lipin. 

The  fats  and  fatty  oils. — Composition.  The  fats  and  fatty  oils  are 
the  neutral  esters  of  the  tri-hydric  alcohol,  glycerol,  CaHjOs,  and  certain 
higher  fatty  acids  such  as, palmitic,  C,„H,205,  stearic,  C,8H„„0j,  oleic, 
CisHj^Os,  etc.  They  are,  therefore,  compounds  of  carbon,  hydrogen  and 
oxygen,  but  they  contain  far  less  oxygen  in  proportion  to  the  carbon 
than  dp  the  carbohydrates.    Th?  fat^  differ  from  the  oils  physically  in, 
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that  they  are  solid  at  ordinary  temperatures,  whereas  the  oils  are  liquid 
at  ordinary  (18-25°  C."  temperatures;  and  chemically  they  differ  in  that 
the  fatty  acids  of  the  rats  are,  for  the  most  part  or  wholly,  saturated ; 
while  in  the  oils  some  of  them  are  unsaturated.  A  typical  fat  is  tri- 
palmitin,  or  tri-stearin.  These  two  constitute  the  chief  parts  of  the  fats 
of  mammals.  These  fats  have  the  following  composition : 
HO  HO 

H-C-O-C-  ( CH^ )  ^ -CH^  H-i-O-C-  ( CH^ )  ^ -CH^ 

H-C-O-C-  ( CH^ )  ^ -CH3  H-i-O-C-  ( CH  )  ^ -CH^ 


O 


II 
0 


H-C-rO-C-  ( CH^ ) , -CH^  H-C-O-C-  ( CH  )  ^-CH^ 

I  II  I  II' 

HO  HO 

Tri-palmitin,  or  palmitin.  Tri-stearin,  or  stearin. 

A  typical  oil  is  tri-olein,  which  is  the  chief  constituent  of  olive  oil  and 
which  is  composed  of  glycerol  and  three  molecules  of  the  unsaturated 
acid,  oleic  acid. 

H  HHHHHHH  HHHHHHHH 

I  '      I   I   I   I   I   I   I         I   I   I   I   I   I   I   I 
H— C— O— C— C— C— C— C— G— C— C— C  =  C— C— C— C— C— C— C— O— C— H 

II  r  I  I  I  I  I  I  I  I  I  I  I  '  I  I  I  I 

O  HHHHHHHH  HHHHHHHHH 

HHHHHHHH  HHHHHHHHH 

I   I   I   I   I   I   I   I  I   I   I   I   I   I   I   I 
H— (■— 0— C— C— C— C— C— C— C— C— C  =  C— C— C— C— C— C— C— C— C— H 

11   I   I   I   I   I   I   I  I   I   i   I   I   I   I 

O  HHHHHHH  HHHHHH 

HHHHHHH  HHHHHH 


I   I   I   I   I   I   I         I   I   I   I   I  .1 
H— C— O— C— C— C— C — C— C— C— C— C  =  C— C— C— o  -  -  - 

,1  I!        I       I        I        I       I        I        I        I         I        I       I        I        . 

H  OHHHHHHHH     HHHHH 

It  is  obvious  that  by  substituting  other  fatty  acids  many  different 
fats  can  be  made.  A  great  number  of  these  exist  in  nature ;  and  in  fact 
the  different  tissues  of  the  same  anim&l,  or  the  corresponding  fats  of 
different  animals,  differ  either  in  the  nature  or  proportion  of  the  fatty 
acids  in  the  fats.  Thus  cold-blooded  animals,  such  as  fishes  and 
amphibia,  have  fats  which  are  fluid  at  ordinary  temperatures.  They 
are,  in  reality,  oils  and  contain  much  unsaturated  fatty  acid,  either  oleic 
or  an  analogous  acid.  The  fat  of  the  earthworm  contains,  for  example, 
butyrin,  4.47  per  cent. ;  olein,  87.42  per  cent. :  stearin  and  palmitin,  8.11 
per  cent.  In  naturally  occurring  fata,  snoh  as  lard,  lard  oil,  tallow  or 
milk  fa1 ,  or  vegetable  oils  such  as  those  of  the  peanut,  olive,  etc.,  there 
are  always  present  the  glycerides  of  various  fatty  acids.  No  natural  fat 
as  it  occurs  in  the  tissue  contains  only  a  single  glyceride,  and  the 
glycerides  mijiy  contain  more  than  one  kind  of  fatty  acid.  In  lard  and 
tallow,  the  glycerides  are  chiefly  those  of  stearic  and  palmitic  acid 
but  there  is  also   present  some  olein.     Lard  oil,   which   is  obtained 
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from  lard  by  cooling  until  the  tristearin  and  palmitin  have  partially 
crystallized  out  and  then  pressing  the  warm  mass,  thus  expressing  the 
oil,  consists  largely  of  triolein.  From  beef  fat,  or  tallow,  a  similar  oil 
is  obtained  in  the  same  way  and  this  is  called  oleo  oil,  or  oleomargarine, 
and  is  used  in  the  manufacture  of  artificial  butter. 

It  is  important  to  remember  that  most  naturally  occurring  oils,  or 
oils  pressed  from  fats,  contain  some  cholesterol,  or  phytosterol,  and  often 
phospho-lipins.    They  are  not  pure  oils. 

Butter  yields  about  7  per  cent,  of  volatile  fatty  acids  which  are 
mainly  butyric,  C^HgOa,  and  caproic  acid,  CeHjjOj ;  but  there  are  also 
small  amounts  of  caprylic,  CaHieOj,  and  capric,  C10H20O2,  acids.  Of  the 
non-volatile  fat  of  butter  about  30  to  40  per  cent,  is  olein  and  60  to  70  per 
cent,  palmitin,  with  a  little  stearin.  Butter  also  contains  a  small  amount 
of  a  phospho-lipin  and  some  cholesterol.  Small  amounts  of  other  fatty 
acids,  possibly  derived  from  the  phosphatide,  such  as  arachidic  and 
lauric,  CzoH^oOz  and  C^JIstOz,  have  also  been  found  in  butter.  The 
natural  yellow  coloring  matter  of  butter  is  mainly  carotin,  with  some 
xanthophyll,  and  is  derived  from  the  green  fodder. 

Oleomargarine,  or  butterine,  is  a  buttery  substance  made  mainly  from- 
oleomargarine  oil,  which  is  generally  churned  with  milk.  When  made 
from  clean  materials  it  is  a  wholesome  food,  but  the  experiments  of 
Mendel  and  Osborne  suggest  that  its  nutritive  value  is  not  equal  to  that 
of  butter,  since  it  did  not  promote  growth  of  young  rats  as  did  butter. 

Table  IV  contains  the  formulas,  boiling  and  melting  points  of  various 
fatty  acids  occurring  in  the  natural  fats.  There  are  many  others  which 
are  not  included  in  this  table.* 


Table  IV. 


1.    Acids  of  acetic  series.    Cj^H  ^O 


Acetic 

Butyric 

Isovaleric 

Caproic 

Caprylic 

Capric 

Lauric 

Myristic 

Palmitic 

Stearic 

Arachidic 

Behenic 

Lignoceric 


C.HO, 

cVd 
c'h"o'' 

8      10     2 


Preesure 
760 
760 
760 
760 
761 
760 
100 
100 
100 
100 


Boiliug 
119° 
162.3° 
173.7° 
202° 
236° 

268°-270° 
225° 
250.5° 
271.5° 
291° 


Melting 
°  Cent. 

17 

-6.5 

-51 

-8 

16.5 

31.3 

43.6 

53.8 

62.62 

69.32 

77 

S5-84 

80.5 


Found  In 
Spindle  tree  oil. 
Butter  fat. 
Porpoise;   dolphin. 

Butter  fat.  Cocoanut  oil 
Palm  nut  oil. 

Laurel  oil.    Cocoanut. 

Mace  butter.    Nutmeg. 

Palm  oil.    Lard. 

Tallow. 

Arachis  oil. 

Ben  oil. 

Arachis  oil. 


'  For  other  data  see  table  pp.  10-11.    Leathes,  The  Pats.    Longmans,  Green,  1910, 
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2.    AtrylUe  or  oleic  acid  group.    C^^H  ^_  O, 


Tiglic 

CHO^         760 

198.5° 

64.5 

Croton  oil. 

Physetoleic 

<AK 

30 

Caspian  seal  oil. 

Oleic 

c.H3A|^ro 

223° 

14 

Most  oils. 

Rapic 

C    H    0 

18      84     2 

Rape. 

Erucic 

C.A.O.        30 

281° 

35-34 

Rape;  fish  oils. 

3.     Linolic 

series. 

CnH.n-.0, 

Linolic 

CisHa^O^ 

50.5 

Maize;   cottonseed. 

Taririe 

'?<   "«   '' 

Oil  of  Pic. 

Eleomargaric 

<t    (( 

48 

Tung  oil. 

i.    Linolenio 

octd  series,  C  H„ 

n     211 — 1 

.O2 

Linolenio 

C    H    0 

Linseed  oil. 

ISO         " 

<(        » 

Clupanodonic  ^iJ^aipo 


5.    Series  0„H„       O, 

u      2n— 8     2 


Fish    liver;  blubher. 


Ricinoleic 
Quince  oil  acid 

Dihydroxy  stearic 
acid 


6.    Hydroxylated  acids. 

4-5        Castor  oil. 


C    H    O         15        250° 
C^H^O" 

18      81     S 


C    H    O 

18      3B     4 


7.    Dihydroxylated  acids. 

141-143   Castor  oil. 


Phy;  kal  Properties.  While  the  neutral  fats  and  oils  are  not  crystal- 
line in  ihe  cells,  the  temperature  being  high  enough  to  keep  the  fat  liquid, 
they  may  often  be  crystallized  on  cooling  their,  hot  benzene  solutions. 
The  crystals  are  long  needles.  They  are  quite  insoluble  in  water  for 
some  reason  as  yet  unknown.  The  affinity  of  fat  and  water  is  small.  The 
molecular  weight  is  large,  for  tristearin  being  896.  Pats  and  the  fatty 
acids  and  soaps  reduce  the  surface  tension  of  water.  The  lipin  collects 
in  the  surface  film  so  that  the  concentration  in  the  film  is  greater  than 
in  the  water  as  a  whole.  For  this  reason  an  old  surface  of  water  con- 
taminated by  oil  or  soap  contains  more  soap  or  oil  than  a  new  surface 
and  has  a  lower  surface  tension.  The  oils  have  the  property  of  spreading 
over  water  in  an  extremely  thin  layer  of  molecular  dimensions.  This 
layer,  according  to  Lord  Eayleigh,  has  a  thickness  of  only  2.7X10"''  cms., 
a"  diameter  but  little  greater,  than  that  of  a  fat  molecule.  It  is  possible 
that  this  property  of  collecting  in  surface  films  and  of  lowering  the  sur- 
face tension  may  be  of  value  in  some  vital  mechanics  of  protoplasm ;  but 
the  whole  matter  of  surface  tension  and,  above  all,  the  surface  tension 
of  the  surface  of  contact  of  water  and  such  a  mixture  as  that  of  proto- 
plasm is  still  too  obscure  to  permit  of  any  definite  statement  concerning 
this  possible  function  of  the  fats. 

The  specific  gravities  of  all  oils  and  fats  are  lower  than  that  of  water. 
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Rape  oil  having  a  specific  gravity  of  0.915  is  one  of  the  lightest.  The  non- 
drying  oils,  like  olive  or  sweet  oil,  range  from  0.916-0.920 ;  the  drying  oils 
are  about  0.930 ;  the  ordinary  fats  0.930 ;  castor  oil  and  cocoa  butter  have 
the  highest  specific  gravity,  i.e.,  0.970.  The  lower  the  cohesion  the  more 
liquid  will  be  the  fat,  the  larger  will  be  the  space  at  the  disposal  of  its 
molecules,  the  greater  their  freedom  of  movement  and  hence  the  lower 
the  specific  gravity. 

Fats  have  no  sharp  melting  points,  since  none  of  them  are  pure 
glycerides,  all  being  mixtures.  But  even  the  pure  glyceride  tri-stearin 
shows  a  curious  behavior.  It  melts  at  55°,  solidifies  and  then  again  melts 
at  71.5-75°.  This  is  due  possibly  to  a  tautomeric  rearrangement  of  the 
molecule.  The  drying  oil,  linseed  oil,  remains  fiuid  to  the  lowest  tem- 
perature — 28°  C.  On  healing,  oils  slowly  decompose  and  at  about 
300°  C.  acrolein  is  given  off.  It  is  by  the  appearance  of  acrolein  on  heat- 
ing that  neutral  fats  may  be  distinguished  from  fatty  acids. 

Glycerol.  There  are  only  two  or  three  reactions  of  glycerol  which 
need  mention  at  this  time.  One  of  the  most  important  of  its  reactions 
is  the  formation  of  acrolein  from  it  by  heating.  If  glycerol  is  heated 
to  300°,  and  particularly  if  it  is  heated  with  some  substance  such  as  acid 
potassium  sulphate,  or  P,05,  which  has  an  affinity  for  water,  it  loses  two 
molecules  of  water  and  is  converted  into  the  unsaturated  aldehyde, 
acrolein.  Acrolein  has  a  very  irritating  action  on  the  mucous  membrane 
and  may  be  detected  by  its  sharp  odor.  The  reaction  of  its  formation  may 
be  written  as  follows : 

CH  OH  CH 

CHOH     —  —  CH  +2H^0 

CH^OH  CHO 

Glycerol.  Acrolein. 

By  oxidation  glycerol  is  converted  into  glyeerose,  a  mixture  of  dioxyace- 
tone  and  glycerine  aldehyde,  and  finally  into  glyceric  acid,  CHjOH- 
CHOH-COOH.  Glycerol  has  a  sweet  taste.  It  reduces  Fehling's  solu- 
tion only  at  a  very  slow  rate.  It  readily  esterifies  with  phosphoric  and 
other  acids. 


CH^OH 

CH^OH 

CH^OH 

CH^OH 

COOH 

COOH 

inoH  - 

— ►  inoH      ; 

c!o     — 

■■  CHOH  ► 

CHOH   " 

i(OH)j 

in^OH 

CHO 

in  OH 

2 

IcOOH 

COOH 

COOH 

Glycerol. 

Glycerylalde- 

Dioxyace- 

Glyceric 

TartroTiic 

Mesoxalic 

hyde. 

tone. 

acid. 

acid. 

acid. 

Fatty  oils.  The  true  fatty  oils  are  divided  into  three  general  classes : 
into  those  which  harden  on  exposure  tO:  air,  light  and  moisture ;  those 
which  dry  slowly,  and  those  which  dp  not  dry.    The  first  are  known  as 
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drying  oils;  the  second  as  semi-drying;  the  last  as  permanent  or  non 
drying  oils.  The  first  are  used  in  painting,  and  linseed  oil  is  a  typical, 
and  probably  the  most  valuable,  drying  oil;  while  cottonseed  oil  dries 
very  much  more  slowly,  and  olive  oil  is  a  non-drying  oil.  The  chemical 
difference  between  these  kinds  of  oils  lies  in  the  different  stabilities  of 
the  fatty  acids  they  contain.  The  drying  oils  have  very  unstable  fatty 
acids;  while  the  non-drying  have  relatively  stable  acids.  The  very 
unstable  fatty  acids  of  the  drying  oils  are  very  reactive  and  as  might 
bo  expected  they  are  found,  among  other  places,  in  the  lipins  of  the  brain, 
heart,  liver  (cod-liver  oil)  ;  and  in  other  organs  of  which  the  metabolism 
is  very  high ;  whereas  the  stable  acids  of  the  fats  and  non-drying  oils  are 
found  in  locations  of  lowered  metabolism  and  in  the  depots  of  fats  in 
fat  tissues.  Owing  to  their  reactivity,  the  drying  oils  absorb  oxygen 
and  become  rancid  much  more  rapidly  than  the  non-drying.  The  dif- 
ference in  stability  of  the  fatty  acids  in  the  drying  oils,  such  as  linseed 
oil,  and  the  non-drying,  such  as  oleic,  is  due  to  the  presence'  of  more 
double-bonded  carbon  atoms,  called  unsaturated  carbon  atoms,  in  the 
linseed-oil  group.  Oleic  acid  contains  only  a  single  double-bonded 
couple  of  carbon  atoms,  whereas  the  drying  oils  contain  acids  having 
two  or  three  such  couples.  The  formula  of  oleic  acid  is  CirHs^O,,  or 
CH3.CH2.CH2.CH2  .CIi2.CH2.CH2.CH2.CH=^CH.CIi2.CHo.CH2.CH2.CH2 
.CHjCHj.COOH,  the  double  bond  being  in  the  middle  of  the  chain.  This 
is  shown  by  the  fact  that  on  oxidation  it  yields  M-nonoie  acid,  Cgllin'O.,, 
and  azelaic  acid,  C9H16O4.  In  linseed  oil  there  occur  such  unsaturated 
acids  as  linolenic,  C18H30O2,  with  three  pairs  of  double-bonded  carbons, 
and  linolic,  CiaH3202,  with  two  pairs  of  double-bonded  carbons. 

Resemblance  of  the  chemistry  of  painting  to  some  biological  processes. 
It  is  interesting  to  consider  the  many  curious  resemblances  of  the 
chemical  processes  involved  in  painting  with  protoplasmic  respiration, 
memory  and  growth.  The  use  of  linseed  oil  in  painting  depends  on  the 
fact  that  it  spontaneously  oxidizes  in  the  air,  especially  in  the  light,  and 
decomposes,  the  decomposition  products  forming  a  resinous  hard  mass 
of  a  composition  still  largely  undetermined.  Linseed  oil  has  the  power, 
tJien,  of  spontaneous  oxidation ;  it  respires.  It  takes  up  oxygen  and  it 
gives  off  carbon  dioxide  and  other  volatile  substances.  Light,  and  par- 
ticularly ultra-violet  light,  accelerates  this  respiration  just  as  it  does  that 
of  protoplasm.  Moreover  growth,  or  rather  synthesis,  occurs,  for  in  the 
condensation  following  the  decomposition  substances  are  formed  more 
complex  than  the  linolenic  acid.  Heat  moreover  is  set  free.  It  is,  in 
olher  words,  a  veritable  metabolism  which  the  linseed  oil  undergoes.  But 
the  relationship  to  protoplasmic  metabolism  does  not  end  here.  In  living 
matter  there  are  substances  which  hasten  the  oxidation,  catalytic  sub- 
stances, or  oxidases  as  they  are  called.    In  the  presence  of  these  sub- 
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stances  oxidation  goes  on  much  more  rapidly  than  in  their  absence.  Cells 
use  various  substances  as  oxidative  accelerators.  Manganese  salts  are 
used  by  some;  copper  or  iron  salts  by  others;  or  organic  oxides  and 
peroxides,  like  the  quinones,  by  others.  Th6  painter  uses  similar  sub- 
stances to  accelerate  the  decomposition  and  drying  of  the  oil.  The  oil  is 
sometimes  boiled  in  iron  or  copper  vessels  and  dryers  of  various  kinds 
are  added  to  help  the  oxidation,  such  as  manganese  dioxide,  litharge, 
manganous  borate  or  iron  salts;  or  he  uses  an  organic  oxidizer,  turpen- 
tine, which  in  the  light  .picks  up  oxygen  with  great  ease  and  carries  it 


FiQ.  7. — Curve  showing  the  rate  of  ubHorptlon  of  oxygen  by  linseed  oil.  Ordinate: 
mms.  of  negative  pressure  due  to  absorption  of  oxygen ;  abscissa :  time  In  days. 

over  to  the  oil.    In  this  respect,  then,  the  metabolism  of  paint  resembles 
that  of  protoplasm. 

But  most  remarkable  of  all  is  the  fact  that  the  oil  may  be  taught 
to  oxidize  itself  and  it  remembers  its  lesson  for  some  time.  If  linseed  oil 
is  exposed  to  light,  or  ultra-violet  rays,  in  the  presence  of  air  in  a  closed 
flask  provided  with  a  mercury  manometer,  for  the  first  24  to  36  hours 
nothing  seems  to  happen ;  but  then  slowly  the  oil  begins  to  oxidize  and  it 
oxidizes  at  a  constantly  accelerating  pace  so  that  the  oxygen  is  used  up 
in  the  flask  and  the  negative  pressure  may  be  measured  by  the  mercury 
manometer.  The  curve  of  the  rate  of  absorption  of  oxygen  is  at  first 
convex  downward,  not,  like  most  chemical  reactions,  concave.  Figure  7, 
It  is  the  curve  of  an  autocatalysis.  It  is  as  if  the  oil  bad  to  be  taught 
by  the  light  to  oxidize  itself  and  learned  to  oxidize  better  and  better. 
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Now  it  may  be  shown  that  the  oil  remembers.  If  after  60  hours'  illu- 
mination when  the  oil  is  oxidizing  let  us  say  at  a  fairly  rapid  rate, 
the  illumination  is  discontinued  and  the  oil  put  in  the  dark,  the  oxidation 
goes  on  at  a  slower  pace.  If  after  a  period  of  a  few  hours  in  the  dark 
the  oil  is  again  illuminated  by  the  light,  it  will  be  found  that  the  oxida 
tion  no  longer  waits  24  hours  before  beginning,  but  now  the  stimulation 
by  the  lamp  is  effective  within  an  hour  or  more;  the  oil  acts  as  if  it 
remembered  the  teaching  by  a  previous  iJlumination  and  now  oxidizes 
at  a  more  rapid  rate.  However,  oil  can  also  forget.  If  left  in  the  dark 
24  hours  or  more  after  being  taught  to  oxidize,  it  has  forgotten  and 
now  the  teaching  must  be  done  all  over  again,  a  long  illumination  being 
necessary  before  the  oxidation  begins.  "We  do  not  usually  speak'  of  the 
long  latent  period  of  the  oxidation  as  a  period  of  teaching,  but  it  is  called 
in  .chemistry  a  period  of  "  inductance  ";  and  we  do  not  say  that  the 
oil  is  learning  to  oxidize  itself,  and  doing  it  better  and  better,  but  we 
say  that  it  shows  phenomena  of  autoeatalysis ;  nor  do  we  say  that  it 
forgets  again  in  the  dark,  but  that  the  intermediary,  autocatalytie  agent 
has  disappeared ;  but  when  organisms  show  the  same  kind  of  phenomena 
we  speak  of  teaching,  of  latent  periods,  of  stupidity,  of  good  or  bad 
memories.  And  it  is  not  impossible  by  any  means  that  the  phenomena  of 
memory,  shown  in  greatest  perfection  by  the  mammalian  cerebrum,  may 
have  at  the  bottom  some  such  basis  as  this,  and  the  persistence  within 
certain  cells  of  substances  of  an  autocatalytie  nature  which  have  re- 
mained from  a  previous  stimulation.  Perhaps  the  brain  cells  remember 
longest  because  they  most  carefully  maintain  intact,  or  preserve,' these 
labile  autocatalytie  substances.  It  may  be  mentioned  that  the  whole  of 
growth  is  an  autocatalytie  process.  There  are  always  left  over  in  the 
cell,  at  the  close  of  a  period  of  feeding,  substances,  enzymes,  derived  from 
the  metabolism  of  the  foods,  which  hasten  the  metabolism  of  the  next 
succeeding  feeding  and  hasten  growth.  It  is  because  of  the  presence  of 
these  autocatalytie  substances  that  foods  change  into  protoplasm  so  much 
more  rapidly  in  cells  than  outside  of  them. 

Methods  of  identification  of  oils  and  fats. — The  identification  of 
the  oils  and  fats  is  a  matter  of  commercial  as  well  as  of  scientific  in- 
terest. A  partial  identification  can  be  made  by  means  of  the  melting 
point  and  by  the  determination  of  the  iodine,  hydrogen,  oxygen,  saponi- 
fication, Reichert-Meissl  and  acetyl  numbers. 

The  melting  points,  as  already  stated,  are  not  sharp  and  definite, 
as  fats  are  not  pure  substances  but  always  mixtures,  but  nevertheless 
something  may  be  learned  from  the  melting  points.  A  low  melting  point 
means  either  that  the  fats  contain  saturated  acids  of  short  carbon  chains, 
or  that  there  are  long  but  unsaturated  chains,  as  in  oils.  The  melting 
point  of  a  fat  as  it  occurs  in  the  tissue  is  generally,  or  always,  lower  than 
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the  usual  temperature  of  the  tissue  in  which  it  is  found.  Thus  in  cold- 
lilooded  animals,  such  as  fishes,  the  fats  are  found  to  be  really  oils,  liquid 
at  20°.  In  mammals  the  fat  of  the  hoofs  which  are  exposed  to  cold  is 
generally  oil  (Neat's  foot  oil),  while  that  about  the  kidneys  melts  at 
a  high  temperature  and  contains  more  tri-stearin. 

The  melting  point  of  tri-stearin  is  55°,  permanent  71.5° 
tri-palmitin  50.5°,  "  66.5° 

tri-olein  -  6° 

Iodine  number.  The  unsaturated  fatty  acids  have  the  property  of 
adding  atoms  at  the  double  bond.  Thus  iodine,  bromine,  oxygen  and 
hydrogen  may  be  added  here.  Hence  these  fats  have  reducing  powers, 
in  that  they  readily  oxidize  themselves  at  the  double  bond  going 
over  into  the  hydroxy-acid,  or  even  into  a  ketone  acid;  they  also  have 
oxidizing  powers,  in  that  they  will  take  up  hydrogen  and  be  converted 
into  the  more  stable  saturated  fats.  By  reduction  or  by  oxidation  with 
bromine  or  iodine,  the  number  of  unsaturated  bonds  may  be  discovered, 
since  each  such  bond  adds  two  atoms  of  iodine  or  bromine,  two  of  hydro- 
gen and  presumably  two  oxygen  atoms. 

I    I 

C  H  ,— C  =  C— C  H    0   + 1      =    C  H   — C— C— C  H,  O  . 

8     IT  8      15     2  ^^     2  8      17  8     IS     2 


Thus  if  it  is  desired  to  know  whether  linseed  oil  has  been  adulterated 
with  cottonseed  oil,  it  is  only  necessary  to  determine  how  much 
iodine  in  centigrams  a  gram  of  the  oil  will  take  up  from  a  solution 
of  iodine;  or  how  much  hydrogen  or  oxygen  it  will  unite  with. 
The  first  figure  is  especially  important  and  is  easily  determined  (see 
page  908) ;  it  is  called  the  iodine  number;  but  recently  the  two  last,  the 
hydrogen  and  oxygen  numbers,  have  also  become  important  aids  in  the 
identification  of  the  fats. 

Table  V.    Iodine  Values  op  Vabious  Oils,  Fats  and  Waxes. 


I. 

Vegetable. 

Rape 

94-102 

1.    Drying  oila. 

Brazil  nut 

90-106 

Linseed 
Hempseed 
Walnut 
Sunflower 

175-205 
148 
145 
119-135 

3.     Non-drying. 
Apricot  kernel 
Peach 
Almond 

96-108 
93-109 
93-100 

2.    Semi-drying. 
Soja  bean 
Maize,  corn 

122 
113-126 

Olive 

Grape  seed 
Castor 

79-88 

96 

83-86 

Beech   nut 

111-120 

II.    Animal  oils. 

Cottonseed 

108-110 

Fish 

140-17S 

Sesame 

103-108 

Menhaden 

161 
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Sardine 

161-193 

2.     Semi-drying. 

Herring 

124-142 

Horse 

76-85 

Cod  liver 

167 

Shark  " 

115 

3.    Non-drying. 

Whale  oil 

121-136 

Goose  fat 

70 

Dolphin 

99-126 

Lard 

50-70 

Horses'  foot 

74-90 

Bone 

45-56 

Neat's  foot 

67-73 

Beef  tallow 

38-46 

Egg  oil 

68-82 

Mutton  tallow 
Butter 

25-46 
26-38 

III.    Vegetable  fats. 

Laurel  oil 

68-80 

V. 

Waxes. 

Palm  oil 

53 

Sperm  oil 

81-90 

Mace  butter 

40-52 

Carnauba  wax 

13 

Cacao  butter 

32-41 

Wool 

102 

Borneo  tallow 

15-31 

Bees 

■     8-11 

Palm  kernel  oil 

13-14 

Spermaceti  (Cetin) 

0-4 

Cocoanut  oil 

8-9 

Insect  wax  (Coccus 

ceriferus) 

0-1.4 

Japan  wax 

4-10 

Iodine  number  of 

various 

fatty 

acids. 

IV.    Animal 

fats. 

Oleic  acid 

90.07 

1.    Drying. 

Erucic 

75.15 

Ice  bear 

147 

Linolic 

181.42 

Rattlesnake 

106 

Tiinolenic 

274.1 

Clupanodonic  367.7 

The  hydrogen  number.  The  discovery  of  a  practicable  method  of 
adding  hydrogen  to  unsaturated  oils  is  a  matter  of  great  commercial 
importance,  since  by  this  means  ill-smelling,  or  ill-tasting,  or  cheap 
vegetable  oils,  such  as  cottonseed  or  even  linseed  oils,  may  be  converted 
into  substances '  closely  resembling  true  stable  animal  fats,  which  at 
present  are  far  more  expensive.  The  ill-taste  and  smell  of  the  oil  is  due 
to  the  decomposition  products  which  arise  from  the  fatty  acids  in  con- 
sequence of  their  unstable  nature.  By  hydrogenation  the  true  fats  are 
formed.  A  method  recently  employed  on  a  commercial  scale  for  this 
hydrogenation  has  been  by  the  use  of  hydrogen  and  finely  divided  nickel 
oxide  which  has  the  important  advantage  over  finely  divided  nickel,  in 
that  it  is  said  not  to  be  so  easily  poisoned  by  the  impurities  in  the  oils. 
The  only  disadvantage  in  the  use  as  foods  of  these  cheap  vegetable  lards 
is  that  they  usually  contain  small  amounts  of  nickel  which  it  has  been 
impossible  thus  far  to  eliminate.  Since  nickel,  when  absorbed,  is  a  toxic 
substance,  the  presence  of  even  very  small  amounts  of  nickel  in  any  food 
must  be  regarded  as  undesirable. 

Ozonides.  The  unsaturated  fats  absorb  oxygen.  The  heat  generated 
by  this  process  may  cause  the  spontaneous  inflammation  of  cotton.  In 
an  acetic  acid  solution  oleic  acid  absorbs  an  equimolecular  quantity  of 
ozone.    An  ozonide  is  thereby  formed,  CjsHa^Os,  a  viscid,  almost  color- 


72  PHYSIOLOGICAL   CHEMISTRY 

less,  transparent  liquid,  heavier  than  water,  which  does  not  combine  with 
iodine  and  which  is  stable  at  80-90°.  At  120°  this  decomposes ;  5  per  cent, 
being  converted  into  a  gaseous  mixture  of  the  following  composition: 
CO2,  2.7-7  per  cent.;  CO,  71-88  per  cent.;  CH^,  16.5  per  cent.;  H^,  5.4 
per  cent.  There  is  also  formed  a  mobile  oil  (Molinari  and  Soncini). 
Triolein  forms  the  ozonide,  CsjHio^Oj.SOa ;  each  molecule  of  the  fatty  acid 
adding  a  molecule  of  ozone  at  the  double  bond.  This  is  a  viscid,  colorless 
oil  decomposing  at  136°,  and  when  saponified  by  potassium  alcoholate  it 
yields  glycerol,  azelaic,  Cgll^fii,  and  nonylic,  CgHigOj,  acids,  and  also 
oxystearic  acids,  CjgHgeOa  and  CisUgjOg. 

Fatty  acids  are  also  rendered  unstable  by  partial  oxidation,  and  when 
m'  this  condition  they  have  a  more  intense  physiological  action.  Thus 
castdij'oil  may  owe  its  cathartic  action  to  the  ricinoleic  acid,  C18H34O3, 
an  oxidized  oleic  acid  which  is  especially  active  when  in  a  free  state, 
as  it  is  in  the  intestine.  An  oxidized  stearic  acid,  ketostearic  acid,  is 
found  in  mushrooms  of  the  genus  Lactarius,  CHgCCHa),, — CO — (CH2)4 
.COOH  (Bonzant  and  Charaux),  and  dihydroxy  stearic  acid,  possibly 
formed  by  oxidation  of  oleic  acid,  in  castor  oil. 

Saponification.  The  property  of  fats  of  being  hydrolyzed  by  water 
and  alkalies  is  of  practical  importance.  That  fats  when  treated  with 
alkalies  make  soaps  is  generally  known,  but  the  exact  mechanism  of  the 
process  is  not  yet  clear.  If  a  neutral  fat  is  heated  with  acid,  preferably 
in  an  alcoholic  solution,  or  with  alkali,  or  even  with  superheated  steam, 
it  is  split  into  the  fatty  acids  of  which  it  was  composed  and  glycerol. 
This  is  the  process  of  saponification. 
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If  alkalies  are  used,  the  fatty  acids  set  free  at  once  unite  with  the  alkali 
-to  form  alkali  salts  of  the  fatty  acids  which  are  called  soaps.  The 
characteristic  of  a  soap  is  its  slippery  feel  and  its  property  of  making 
a  foam  when  dissolved  in  water  and  shaken.  Not  all  substances  with 
these  physical  properties  are  soaps,  however.  Many  plants,  such  as  the 
soap-bark  tree,  contain  saponaceous  or  soap-like  substances,  as  far  as 
-these  physical  properties  are  concerned,  but  which  are  not  soaps  in  a 
chemical  sense.  A  soap,  therefore,  is  a  salt  of  a  higher  fatty  acid  which, 
when  dissolved  in  water,  foams  on  shaking  and  the  solution  has  a  low 
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surface  tension.  Sodium  acetate  is  the  salt  of  a  fatty  acid,  but  it  is  not 
a  soap  because  it  lacks  the  physical  properties  of  soap. 

The  speed  of  saponification  of  a  fat  has  been  found  to  be  propor- 
tional to  the.  number  of  hydroxyl,  or  hydrogen  ions  in  the  solution. 
For  this  reason  saponification  by  ammonium  hydrate  is  much  slower 
than  by  sodium  hydrate;  and  by  water,  C^''j^=.8XlO~'',  is  still  slower. 
The  process  of  saponification  forms  then  one  method  of  measuring  the 
concentration  of  such  ions. 

But  while  the  fact  of  hydrolysis  or  saponification  is  quite  evident, 
when  we  ask  the  further  question  of  the  mechanism  of  the  process  we  get 
at  once  into  very  badly-known  territory.  What  is  the  point  of  attack 
of  the  enzyme,  or  the  alkali,  or  the  acid  on  the  fat  molecule  ?  The  most 
probable  answer  is  that  it  is  either  the  doubly  bonded  oxygen  atom,  or 
that  linking  glycerol  and  fatty  acid  together,  which  is  the  point  at  which 
union  with  the  saponifying  agent  takes  place.  It  seems  that  one  molecule 
can  infiuence  another  only  when  it  is  united  with  it.  If  this  is  true,  the 
saponifying  agent  must  unite  with  the  fat  molecule.  Since  one  of  the 
oxygen  atoms  of  esters  is  almost  certainly  quadrivalent,  there  being  two 
extra  valences  in  such  molecules,  union  probably  occurs  here,  at  least 
in  the  case  of  lipase.    Union  with  acids  probably  occurs  as  follows : 

R— O— C  — R'  -f  HCl     -r-^     E— 0— C  — R' 

II  II 

0=  HOCl 

Probably  the  last  compound  is  unstable  and  breaks  into  RCl  and 
R'-COOH.    RCl  reacts  with  the  water  to  form  ROH  and  HCl. 

The  hydrogen  or  hydroxyl  ions  appear  to  act  catalytically  because 
they  are  left  at  the  end  of  the  reaction  with  their  concentration  un- 
changed, but  in  reality  they  have  united  with  the  ester,  decomposed  it 
and  are  again  set  free. 

Saponification  numbers  of  various  fats.  The  saponification  number 
is  the  number  of  milligrams  of  KOH  required  to  neutralize  the  fatty 
acids  contained  in  one  gram  of  oil  or  fat.  It  serves  to  tell  whether  the 
fatty  acids  in  the  fat  have  a  high  or  low  molecular  weight,  for  it  is  clear 
that  the  smaller  the  molecular  weight  the  more  molecules  of  the  acids 
there  will  be  in  the  gram  of  fat.  Most  fats  and  oils  having  chiefly 
palmitic,  oleic  or  stearic  acid  in  them  have  saponification  numbers  of 
about  195,  but  some  which  have  more  complex  acids  are  lower  than  this. 
Thus  for  the  rape-oil  group,  rape  oil  containing  erucic  acid,  C2on,.,0^, 
the  saponification  number  is  about  175.  Similarly,  lipins  which  contain 
carnaubie  acid.  C,jH4s02,  will  have  still  lower  saponification  numbers. 
On  the  other  hand,  butter  which  contains  caproic,  caprylic  and  butyric 
acids,  all  of  these  of  low  molecular  weight,  has  a  high  saponification 
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number,  the  saponification  number  of  butter  fat  being  227.  The  saponi- 
fication number  of  oleomargarine  is  about  195,  so  that  it  constitutes  an 
easy  method  of  distinguishing  between  butter  and  oleomargarine.  Cocoa- 
nut  and  palm  oil  and  some  of  the  blubber  oils,  such  as  porpoise-jaw  oils, 
have  also  a  considerable  quantity  of  volatile  acid  of  low  molecular  weight 
and  the  saponification  number  is  between  240  and  260. 

Reichert-Meissl  number.  Another  useful  method  of  discovering  the 
true  nature  of  a  fat  or  oil  is  to  determine  the  amount  of  volatile  fatty 
acid  in  it.  For  this  determination  a  weighed  amount  of  the  fat  is  saponi- 
fied with  alcoholic  potash  or  by  potassium  hydrate,  the  mixture  is  acidi- 
fied to  set  free  the  fatty  acids,  phosphoric  or  sulphuric  acid  being  used, 
as  they  are  non-volatile,  and  then  the  mixture  after  adding  pumice  stone 
is  distilled.  The  amount  of  fatty  acid  distilling  over  is  titrated  with 
N/10  KOH.  The  number  of  c.c.  of  N/10  KOH  required  to  neutralize  the 
volatile  fatty  acids  from  five  grams  of  oil  or  fat  is  called  the  Reichert- 
Meissel  number.  Ordinary  fats  have  a  Reichert  number  of  0  when  the 
saponification  number  is  195.  For  butter  fat  the  number  is  25-30 ;  cocoa- 
nut  oil  6-7 ;  and  for  palm  kernel  oil  5-6.  If  the  saponification  number 
is  high,  the  Reichert  number  is,  also,  generally  high. 

Acetyl  number.  Some  oils,  such  as  castor  oil,  contain  oxidized  fatty 
acids  and,  since  the  number  of  these  hydroxyl  groups  is  known  if  the  oil 
is  pure,  the  determination  of  this  number  is  of  use  in  detecting  adultera^ 
tion.  These  hydroxyl  groups  are  detected  by  acetylation  by  means  of 
acetic  anhydride,  and  hence  we  have  the  acetyl  number,  which  is  the 
number  of  milligrams  of  KOH  necessary  to  neutralize  the  acetic  acid 
saponified  from  1  gram  of  acetylated  fat. 

Separation  of  the  fatty  acids.  Another  not  difficult  method  for  learn- 
ing something  of  the  chemical  nature  of  a  fat  consists  in  saponifying  the 
fat  and  then  determining  the  proportion  of  oleic  acid  present.  After 
saponification  the  fatty  acids  are  dissolved  in  alcohol  and  lead  acetate  in 
alcoholic  solution  is  added.  The  lead  salts  of  the  fatty  acids  are  pre- 
cipitated, filtered,  dried  and  extracted  with  ether.  Lead  oleate  is  soluble 
in  ether,  while  the  palmitate  and  the  stearate  are  insoluble.  The  deter- 
mination of  the  relative  amount  of  oleic  acid  present  is  thus  simple.  By 
treating  the  ether  solution  of  the  lead  oleate  with  hydrochloric  acid,  lead 
chloride  is  precipitated.  On  evaporating  the  ether  oleic  acid  remains 
behind. 

Physiological  vaMe  of  fats.  Fats  are  of  use  to  the  body  in  several 
ways.  Being  poor  heat  conductors,  a  layer  of  fat  beneath  the  skin  helps 
to  conserve  bodily  heat;  by  their  physical  properties  they  contribute  to 
the  physical  constitution  of  protoplasm;  and  finally  they  are  the  heat- 
producing  foods  par  excellence.  They  are  burned  or  oxidized  in  the 
cells,  setting  free  much  heat,  nine  large  calories  per  gram  of  fat.  An 
understanding  of  their  oxidation  is,  therefore,  very  important  in  under- 
standing fat  metabolism. 
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Oxidation.  The  fats  burn  in  the  body  with  ease,  but  outside  the  body 
the  saturated  fats  are  decidedly  inactive  at  body  temperature.  Oils, 
however,  when  air  is  blown  through  them,  "  blown  oils,"  become  ulti- 
mately thick,  gelatinous  and  dark  colored.  They  oxidize  even  at  room 
temperature.  It  is  not  yet  certainly  known  whether  the  fatty  acids  are 
burned  in  metabolism  only  after  they  are  set  free  from  the  glycerol,  or 
whether  they  can  be  burned  best  when  in  ester  union.  The  general  pres- 
ence of  lipases,  enzymes  for  hydrolyzing  fats,  in  all  cells  and  the  fact  that 
the  form  of  any  substance  which  accumulates  in  cells  is  generally  the 
stable  form,  and  it  is  neutral  fat  which  is  stored,  leads  to  the  inference 
that  they  are  hydrolized  before  oxidizing.  The  fatty  acids  are,  then, 
probably  united  to  some  substance  which  hastens  their  oxidation. 

It  is  not  certainly  known  how  the  higher  fatty  acids  are  oxidized,  but 
it  is  believed  that  the  oxidation  occurs  first  in  the  /S  carbon  atom,  i.e., 
the  second  from  the  carboxyl,  where  it  has  been  shown  to  occur  in  the 
simpler  acids,  such  as  butyric.  It  has  been  found  by  Dakin  that  hydro- 
gen peroxide  produces  much  the  same  kind  of  oxidations  as  the  body. 
Both  hydrogen  peroxide  and  living  matter  oxidize  the  fatty  acids  by 
stages.  In  butyric  acid  the  beta  carbon  atom  is  first  oxidized,  giving 
rise  to  a  ketone  acid.  This  is  tlien  hydrolysed  to  acetic  acid  which  in  its 
turn  is  oxidized  to- carbon  dioxide  and  water.  The  reactions  may  be 
represented  as  follows: 

CH  CH  CH  CH 
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COOH  COOH  COOH  COOH 

Butyric  acid.  Acetoaeetic.  Enol  form.        Acetic  acid. 

/3-Ketobutyric  acid.     ^-Oxycrotonic  acid. 
•  ^-Oxybutyric  acid. 
2-Butanon  acid. 

Patty  acids  oxidized  in  the  /?  carbon  are  very  unstable  and  in  the 
free  state  readily  decompose ;  they  are  far  less  stable  than  those  oxidized 
either  in  the  it  or  ^  carbons.  By  reduction  the  enol  form  will  go  over 
into  the  /^-hydroxybutyric  acid  as  follows : 

CH  CH, 
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Enol  form.        /3-hydroxybutyrio 
acid. 
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The  oxidation  of  the  long  carbon-chain  saturated  acids  is  believed  to 
follow  this  same  process,  the  /S  carbon  being  oxidized  each  time  to  the 
ketone  and  then  this  splitting-off  acetic  acid  leaving  the  fatty  acid  with 
two  less  carbons.  The  long  chain  is  thus  split  up,  two  carbons  going 
each  time.  Every  fatty  acid  with  an  even  number  of  carbons  in  the 
chain  will  thus  ultimately  produce  the  /J-ketone  butyric  acid.  It  is  not 
certain,  however,  that  oxidations  may  not  occur,  also,  in  other  carbons  of 
the  chain.  The  process  may  be  pictured  as  follows : 
CH.  CH.  CH. 
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Palmitic  acid.  p  -Keto-palmitio.  Myristie  acid.  Acetic  acid. 

It  is  not  impossible  that  the  synthesis  of  the  fatty  acids  may  be  brought 
about  by  a  reverse  process  of  reduction,  two  carbon  atoms  being  added 
each  time.  This  would  explain  why  it  is  that  all  the  naturally  occurring 
fatty  acids  have  an  even  number  of  carbon  atoms.  The  oxidation  of  the 
unsaturated  fatty  acids  follows  a  more  complicated  course  and  a  variety 
of  splitting  products  are  formed,  some  of  them  volatile. 

The  course  of  the  oxidation  of  the  fatty  acids  will  well  repay 
further  study.  The  aceto  acetic  ester,  the  ester  of  diacetic  acid,  is  a 
very  reactive  substance  widely  used  by  chemists  in  synthesizing  a  great 
variety  of  substances.  It  is  by  no  means  impossible  thab  some  ester  of 
diacetic  acid  is  also  widely  used  by  nature  in  the  synthesis  of  the  sub- 
stances in  the  cell. 

Origin  of  fats.  There  appear  to  be  two  distinct  problems  in  the 
formation  of  the  fats:  the  first  is  the  origin  of  the  long  carbon  chains 
making  the  fatty  acids ;  the  second,  the  nature  of  the  synthesis  of  these 
chains  with  glycerol.  While  neither  of  t^ese  problems  has  as  yet  been 
solved,  we  may  consider  what  is  known  about  them. 

From  the  fact  that  the  long  carbon  chains  in  the  natural  fats  always 
(■(intaiii  an  even  number  of  carbon  atoms,  there  can  hardly  be  any  other 
conclusion  than  that  the  synthesis  is  not  made  carbon  atom  by  carbon 
atom,  but  by  the  addition  of  two,  four  or  six  carbon  atoms  at  a  time. 
From  the  decomposition  by  oxidation  where  two  carbons  are  split  off 
at  a  time  the  inference  may  be  drawn  that  the  synthesis  also  involves 
pieces  of  two  carbons.  Since  the  fats  are  formed  by  reduction  from  the 
sugars,  the  synthesis  obviously  involves  reductions.  What  the  pieces  are 
whiQh  ^re  thtis  condensed  it  is  impossible  to  say  positively  at  the  present 


THE   LIPINS.      FATS,   OILS,    WAXES,    PHOSPHATIDES,   STEROLS      77 

time,  but  they  may  possibly  be  either  ethylidene  or  glyoxal,  glycolic 
aldehyde  or  acet  aldehyde.    But  this  is  not  the  only  possibility. 

Whatever  may  be  the  nature  of  the  carbon  fragments  giving  rise  to 
the  fatty  acids,  there  is  no  doubt  of  two  facts:  that  they  arise  by  the 
process  of  the  fermentative  decomposition  of  the  sugars  common  to  all 
tissues ;  and,  in  the  second  place,  that  these  pieces  act  as  oxidizing  agents, 
being  themselves  reduced.  The  fats  accordingly  represent,  in  essentials, 
reduced,  condensed  carbohydrates.  That  processes  of  reduction  play  a 
part  in  fat  formation  is  shown  by  the  chemical  composition  of  the  fats. 
The  fatty  acids  contain  little  oxygen;  they  are  carbon-hydrogen  com- 
pounds except  for  the  carboxyl  group.  The  system  oxygen-fatty  acid 
contains,  therefore,  far  more  potential  energy  than  the  system  oxygen- 
carbohydrate.  One  gram  of  fat  burned  produces  nine  calories  of  heat  as 
compared  with  four  for  a  gram  of  carbohydrate.  That  the  fats  origi- 
nate from  the  carbohydrates  is  shown  not  only  by  practical  human 
experience  that  a  carbohydrate  diet  is  fattening,  but  by  direct  experi-. 
ment.  The  transformation  of  starch  into  oil  takes  place  commonly  in 
plants  and  many  bacteria  form  acetic,  propionic,  lactic  or  butyric  acid 
by  carbohydrate  fermentation. 

Since  the  fats  when  oxidized  yield  more  energy  than  an  equal  weight 
of  the  sugars  from  which  they  are  derived,  it  is  probable,  since  most 
reactions  are  in  their  entirety  exothermic,  that  the  reduction  of  some 
of  the  sugar  to  fat  coincides  with  the  oxidation  of  some  of  the  sugar  to 
carbon  dioxide.  In  this  way  the  gain  in  energy  in  the  system  fat-oxygen 
represents  some  of  the  energy  set  free  by  the  total  combustion  of  some 
of  the  sugar.  Thus  it  may  be  inferred  that  to  make  one  molecule  of 
palmitic  acid,  CieHgjOj,  perhaps  four,  or  more,  molecules  of  CgHjaOa 
are  destroyed,  some  being  oxidized  as  shown  by  the  schematic  reaction : 

60  H    O  4-130    ^2000  +  C,  H    O  +20H  O-f  n  Cals. 

6       12     6  ^^  2  2  ^^       le      32     2     '  2  ' 

The  condensation  of  the  fatty  acid  thus  formed  with  glycerol  to  make 
neutral  fat  is  one  of  the  condensations  so  common  in  protoplasm  and  of 
which  the  synthesis  of  the  polysaccharides  from  the  monosaccharides  is 
a  type,  but  the  nature  of  which  is  still  so  obscure.  If  glycerol  and  fatty 
acid  are  mixed,  some  spontaneous  condensation  occurs  with  the  elimi- 
nation of  water.  The  rate  at  which  this  spontaneous  condensation  occurs 
is  hastened  by  lipase,  the  fat-splitting  ferment.  It  has  accordingly  been 
suggested  that  the  synthesis  of  the  fats  from  glycerol  and  fatty  acids 
in  the  cells  may  be  brought  to  pass  by  the  action  of  the  lipase.  However 
reasonable  this  explanation  appears  at  first  glance,  there  are  certain  grave 
objections  to  it.  The  point  of  equilibrium  of  fatty  acid,  glycerol  and 
neutral  fat  is  one  in  which  very  little  neutral  fat  coexists  with  a  great 
deal  of  glycerol  and  fatty  acids.    Now  in  protoplasm  much  neutral  fat 
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is  found  and  only  traces  of  the  glycerol  and  fatty  acid,  unless  these  are 
formed  by  autolysis.  This  fact  alone  makes  it  impossible  to  ascribe  the 
synthesis  to  lipase  unless  some  other  condition  be  also  assumed  by  which 
the  neutral  fat  is  removed  as  quickly  as  it  is  formed  from  the  influence 
of  the  lipase  and  away  from  the  system  in  which  it  has  been  part.  A 
second  reason  is  the  fact  that  the  synthesis  goes  on  most  rapidly  in  those 
cells  which  contain  little  or  no  lipase.  There  seems  to  be  no  lipase,  for 
example,  in  the  mammary  glands  in  which  fats  are  rapidly  formed. 
Practically  conclusive  evidence  against  the  lipase  theory  is  the  fact  that 
the  synthesis  of  the  fats,  like  other  syntheses,  is  dependent  upon  oxygen, 
and  the  lipase  action  is  independent  of  oxygen.  The  syntheses  depend 
on  the  vitality  of  the  cell.  They  do  not  take  place  in  an  etherized  cell. 
It  is  clear  that  this  synthesis  must  be  left  for  future  work  to  decipher. 

The  origin  of  the  glycerol  is  not  difficult.  It  is  closely  related  to  the 
carbohydrates,  and  glycerose  is  one  of  the  products  of  their  decomposi- 
tion. By  reduction  glycerose  yields  glycerol.  Glycerose  is  a  mixture  of 
dioxyacetone  and  glycerine  aldehyde,  CHjOH-CHOH-COH. 

The  question  may  finally  be  asked  of  the  location  in  the  cell  of  the 
neutral  fat  or  oil.  In  many  cells  the  fat  or  oil  may  be  seen  in  the  form 
of  fine  round  droplets  distributed  through  the  cytoplasm:  This  is  the  case 
in  egg  cells  and  in  some  plant  cells.  In  fat  tissue  the  cell  is  almost  com- 
posed of  one  large  droplet  of  fat,  inclosed  in  the  cell  membrane.  But 
in  living  protoplasm  itself  fat  also  occurs,  but  in  such  a  fine  state  of 
subdivision,  or  union  with  the  other  constituents,  presumably  phospho- 
lipins,  that  it  cannot  be  detected  microscopically.  That  the  fat  is  there 
is  shown  by  chemical  examination  and  by  its  appearance  in  cells,  par- 
ticularly after  they  have  been  exposed  to  chloroform  vapors.  After 
anesthesia  by  chloroform  of  only  one  hour's  duration,  the  liver,  kidney 
and  heart  cells  may  show  by  staining  with  Sudan  3  an  abundant  pres- 
ence of  fat  in  small  droplets,  whereas  the  total  fat  is  found  by  analysis 
to  be  no  greater  than  before.  The  anesthetic  evidently  causes  a  change 
in  its  distribution  and  perhaps  in  its  saturation,  so  that  it  aggregates 
into  visible  droplets.  Fat  may  be  stained  in  cells  by  Sudan  3,  or  by  Nile 
blue.    Only  lipins  with  unsaturated  acids  stain  with  osmic  acid. 

Essential  oils. — These  oils  are  a  heterogeneous  chemical  group  with 
widely  different  compositions  but  having  three  properties  in  oommon: 
they  are  volatili!,  they  make  a  temporary  grease  spot  on  paper,  and  they 
are  combustible,  Most  of  them  also  have  an  odor.  Among  these  oils 
are  clove  oil,  cedar  oil,  oil  of  cardamom,  oil  of  peppermint,  oil  of  winter- 
green,  to  mention  only  a  few.  They  are  widely  distributed  among  plants. 
Some  of  them,  perhaps  the  majority,  are  aromatic  aldehydes  or  ketones 
belonging  to  the  terpenes  of  which  the  oil  of  turpentine  is  an  example ; 
others  are  aliphatic  compounds  such  as  the  essential  oil  of  Rita  graveolus. 
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which  is  methyl-n-nonyl  ketone,  CH3.CO.(CH2)7.CH3;  others  are  acids. 
Those  of  the  aromatic  group  which  are  terpenes  are  related  to  the  sterols 
and  the  resins.  The  essential  oils,  while  of  considerable  importance  in 
pharmacy  and  therapeutics  and  in  commerce  as  flavoring  extracts,  are 
of  less  importance  in  animal  physiology,  none  having  been  isolated  from 
the  human  body. 

The  terpenes  constitute  a  group  of  very  great  commercial  and  prac- 
tical importance,  camphor  and  menthol,  CioHjoO,  belonging  in  this 
group.  The  true  terpenes  have  one  or  several  hexa-carbon  rings  with 
two  side  chains : 


Oil  of  turpentine  is  chiefly  pinene,  CmHie.  The  terpenes  are  generally 
benzene  derivatives,  but  the  benzene  nucleus  is  usually  only  partially 
unsaturated  and  contains  only  one  or  two  double  bonds.  Some  of  them 
have  two  or  more  rings,  some  only  one.  India  rubber  is  a  complex 
terpene.    This  can  be  formed  by  the  condensation  of  isoprene,  a  diolefine : 
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Terpenes  and  some  oxygen  derivatives. 


Camphor,  C^^H^^O. 


The  aliphatic  terpenes  are  of  great  theoretical  importance  because 
they  stand  intermediate  between  the  fatty  acids  on  the  one  hand  and  the 
resins  and  aromatic  terpenes  and  cholesterol  on  the  other.  Such  an  de- 
fine terpene  is  myrcene,  C,oHis,  found  in  the  oil  of  bay.  It  is  probably 
CH2=CH— CH=CH.CH2.CH2.CH:C(CH,)2.  While  these  substances 
occur  in  plants,  it  is  not  impossible  that  similar  substances  may  appear 
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as  intermediate  products  of  metabolism  in  animals.  Thus  d-eitronellol, 
Ci„H„OH,  is  CH,.C(:CHJ.CHj.(CHj3.CH(CH3).CHjOH.  On  oxida- 
tion it  yields  acetone  and  y3-methyl  adipic  acid.  Geraniol,  CmHijO, 
yields  on  oxidation  such  products  as  acetone  and  levulinic  acids.  More- 
over these  citrals,  such  as  geraniol,  readily  condense  to  six  carbon  rings 
on  heating  with  acids,  thus  showing  one  possible  origin  of  the  aromatic 
rings.  Santalol  is  a  sesquiterpene  alcohol  of  unknown  composition, 
CisHanO.  Cholesterol,  other  sterols  and  bile  acids  are  probably  terpene 
derivatives,  but  they  are  solids  at  ordinary  temperatures  and  differ 
widely  in  chemical  and  physical  appearance  from  the  essential  oils. 

The  waxes. — Waxes  are  of  both  animal  and  vegetable  origin.  They 
are  the  esters  of  fatty  acids  with  a  mono-hydric  solid  alcohol,  or  sterol. 
They  contain  no  glycerol.  Most  waxes  are  solids  at  ordinary  tempera- 
tures, but  at  least  one,  sperm  oil,  is  liquid.  Most  naturally  occurring 
waxes  are  mixtures  of  the  esters  of  various  fatty  acids  with  various 
sterols.  Lanolin,  or  wool  fat,  is  such  a  wax ;  another  is  bees-wax.  Bees- 
wax is  principally  myricyl  palmitate.  The  waxes  generally  have  a  dif- 
ferent texture  from  the  fats,  but  their  solubilities  are  similar.  They  are 
saponifiable  like  the  fats,  but  often  with  more  difficulty.  The  saponifica- 
tion is  easily  carried  out  in  petroleum  ether  containing  a  little  absolute 
alcohol  by  the  addition  of  metallic  sodium.  Sodium  aleoholate  is  formed, 
which  saponifies  the  wax.  Among  the  waxes  the  cholesterol  esters  of  the 
blood  deserve  special  mention. 

Composition  of  the  waxes.  Table  VI  contains  the  formulas  of  various 
fatty  acids  and  alcohols  which  have  been  isolated  from  different  waxes. 

Table  VI. 

Composition  of  the  Waxes. 

Formulas  of  various  fatty  acids  and  alcohols  which  have  been  isolated  from 
different  waxes. 


Acids.    Saturated. 
Ficoeerylie 
Myristic 
Palmitic 
Carnaubio 
Cerotio 
Melissic 
Psyllostearylic 


II. 


Acryllio  series. 
Physetoleio 
Doeglic  (?) 
Lanopalmio 
Coccerio 
Lanoceric 


Formula 

C,,H,30^ 
0  JH    O 

24      48     2 

c  h"o' 

80_60     2 


Melting  point 
57°  C. 
53.S° 
62.62° 
72.5° 
77.8° 
91° 
94-95° 


30° 

87-88° 

92-93° 

104-105° 


Wax. 
Gundang. 
Wool. 

Bees.    Spermaceti. 
Carnauba.     Wool. 
Bees.    Wool.    Insect 
Bees. 
Psylla. 


Sperm  oil. 

tt  K 

Wool. 


Wool. 
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[II.     Alcohols.    Sterols. 
Pisang  ceryl 
Cetyl   (Ethal) 
Octadecyl 
Carnaubyl 
Ceryl 

Myricyl   (Melissyl) 
Psyllosteary] 
Lanolin  alcohol 
Ficoceryl 
Cocceryl 
Cholesterol 
Iso-cholesterol 


OHO 

C    H    O 

IS    se 
C.SH33O 

C    H    O 
C    H    0 

30      62 

C    H    0 

33      68 

OHO 

12„24 

C    H    O 

17      28 

C    H    O 

30     62     2 

OHO 

27      44 

C    H    O 

26      44 


78° 

Pisang. 

50° 

Spermaceti. 

59° 

It 

68-69° 

Wool. 

79° 

"    Chinese. 

85-88° 

Bees.    Carnauba. 

68-70° 

Psylla. 

102-104° 

Wool. 

198° 

Gundang. 

101-104° 

Cochineal  wax. 

148.4-150.8° 

Wool. 

137-138° 

Wool. 

The  sterols. — The  sterols  {stereos,  solid ;  ol,  the  ending  signifying  an 
alcohol),  literally  solid  alcohols,  are  a  very  important  group  of  the  lipins. 
4s  their  name  signifies,  they  are  alcohols  solid  at  ordinary  temperatures. 
They  are  readily  soluble  in  ether  and  CHCI3,  easily  crystallized,  the  crys- 
tals having  a  mother-of-pearl  glance  and  a  greasy  feeL  Cholesterin,  or 
cholesterol,  as  it  is  now  more  generally  called,  was  the  first  member  of 
the  group  to  be  discovered  and  is  the  most  important  member.  Phy- 
tosterol,  stereorin  or  coprosterin,  cetyl  alcohol  are  others. 

Cholesterol. — This,  the  most  important  substance  in  the  group,  was 
isolated  from  gall  stones  in  1785  by  P^ureroy,  when  it  was  confounded 
with  adipocere.  Its  true  nature  as  a  non-saponifiable,  fat-like  body  was 
discovered  by  Chevreul  in  1814,  who  named  it  cholesterin  from  the 
Greek  chole,  bile ;  and  stereos,  solid.  It  is  most  readily  obtained  from 
gall  stones  by  pulverizing  them,  and  extracting  with  boiling  alcohol  con- 
taining a  small  amount  of  potassium  aleoholate.  On  cooling,  or  if  neces- 
sary concentrating  first  by  evaporation  of  the  alcohol,  cholesterol  crys- 
tallizes out  as  white,  shining,  plate-like  rhombic  crystals  generally  hav- 
ing one  corner  broken.  Figure  8.  The  angles  of  the  sides  are  generally 
76°  30'  or  87°  31'.  The  form  varies  with  the  solvent.  The  pure  crystals 
melt  at  148.5°  C.  A' solution  of  the  crystals  in  CHCI3,  or  ether,  is  levo- 
rotatory  |  «|2:1'°=^31.12°  for  a  2  per  cent,  ether  solution.  Cholesterol  is 
volatile  at  300°  in  vacuo,  subliming  unchanged. 

Cholesterol  is  insoluble  in  water,  acids  or  alkalies;  slightly  soluble 
in  soap  solutions  and  much  more  soluble  in  solutions  of  bile  salts.  It 
dissolves  readily  in  hot  or  cold  ether,  carbon  bisulphide,  chloroform,  ben- 
zene, various  hydrocarbons,  acetone  and  hot  alcohol.  It  is  slightly  solu- 
ble in  cold  alcohol.  It  is  readily  soluble  in  oleic  acid  and  fluid  fats.  Its 
solutions  react  neutral  and  have  neither  taste,  color,  nor  smell.  It  cannot 
be  saponified,  but  is  very  slowly  decomposed  by  concentrated  alkalies. 

If  gall  stones  are  not  available,  cholesterol  can  be  most  easily  pre- 
pared by  extracting  mammalian  brains,  such  as  sheep  or  hog  brains,  with 
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cold  acetone.  The  brains,  freed  as  far  as  possible  from  adherent  blood 
vessels  and  membranes,  are  ground  in  a  meat  chopper  and  three  times 
their  weight  of  acetone  is  added.  After  six  to  twelve  hours  of  extrac- 
tion the  acetone,  which  is  diluted  with  the  water  of  the  tissue,  is  filtered 
off  and  a  new  portion  of  acetone  added  and  extracted  for  twenty-four 
hours  or  more  while  heating  on  the  water  bath.  On  filtering  ofE  the 
acetone  and  concentrating  by  distillation  on  the  steam  bath  impure 


Fin.  s, — Crystals  of  cholesterol. 


Fig.  9. — Crystals  of  phytosterol  from  soU 
(Schreiner  and  Shorey). 


cholesterol  separates  out.  It  may  be  purified  by  recrystallizing  from 
hot  alcohol,  or  other  solvents.  The  cholesterol  may  be  obtained,  also, 
by  making  one  extraction  with  cold  acetone  to  remove  most  of  the  water 
and  then  extracting  the  brain  mass  in  a  large  Soxhlet  with  acetone. 

Color  reactions.  Cholesterol  is  remarkable  for  its  power  of  forming 
I)igments.  Advantage  is  taken  of  this  propertj'  for  the  purpose  of  its 
qualitative  detection  by  the  Salkowski,  Liebermann.  Lifschiitz  and  Neu- 
berg  rriethofis. 

Salkowski  reaction.  Cholesterol,  or  the  substance  to  be  examined, 
is  dissolved  in  5  c.c.  of  chloroform;  an  equal  volume  of  concentrated 
sulphuric  acid  is  poured  underneath  the  chloroform.  In  the  presence  of 
cholesterol  the  chloroform  solution  very  soon  becomes  colored  a  cherry 
red,  while  the  sulphuric  acid  is  dark  red  with  a  brilliant  green  fluorescence. 
Poured  into  a  porcelain  evaporating  dish,  the  chloroform  becomes  violet, 
green  and  finally  yellow.  Cholesterol  esters  give  this  reaction,  but  only 
after  a  delay,  probably  consumed  in  setting  free  the  cholesterol.  This 
reaction  is  not  so  delicate  or  specific  as  the  acetic  anhydride  reaction. 

Acetic  anhydride  reaction.    (Liebermann-Burchard.)    A  little  choles- 
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terol  is  dissolved  in  2  c.c.  of  cliloroform,  then  ten  drops  of  acetic  anhy- 
dride and  one  or  two  drops  of  concentrated  sulphuric  acid  are  added. 
In  the  presence  of  cholesterol  a  violet,  changing  quickly  to  a  blue-greeH, 
is  obtained.  If  more  chloroform  is  added  in  proportion  to  the  acetic 
anhydride,  the  development  of  the  green  is  delayed.  This  reaction  is 
the  best  and  most  delicate  of  the  qualitative  reactions. 

Dry  cholesterol  reaction.  (Schiff's.)  If  a  few  crystals  of  cholesterol 
in  a  porcelain  dish  are  moistened  with  concentrated  HCl,  2-3  volumes, 
containing  one  volume  of  dilute  FeClj ;  or  with  a  drop  of  concentrated 
sulphur iu  acid  containing  a  trace  of  FeClg ;  and  then  evaporated  carefully 
to  dryness  over  a  flame,  a  reddish  violet  residue  changing  to  a  bluish 
violet  is  obtained.  With  concentrated  nitric  acid  alone  cholesterol  crys- 
tals give,  on  evaporation  of  the  acid,  a  yellow  spot  changing  to  orange 
when  moistened  with  an  alkali  (xantho  reaction).  This  is  not  peculiar 
to  cholesterol,  but  is  given  by  many  aromatic  substances. 

Oxycholesterol  reaction.  (LifscMtz  reaction.)  A  few  mgs.  of  choles- 
terol are  dissolved  in  2-3  c.c.  of  glacial  acetic  acid  and  oxidized  by  the 
addition  of  a  few  particles  of  benzoyl  peroxide.  The  solution  is  brought 
once  or  twice  to  the  boiling  point.  To  the  cooled  solution  of  oxycholes- 
terol four  drops  of  concentrated  sulphuric  acid  are  added  and  shaken. 
The  color  becomes  a  bright  red,  then  blue  and  finally  green.  Spectro- 
scopically  it  shows  the  typical  absorption  band  in  the  red  characteristic 
of  oxycholesterol.  One  part  of  cholesterol  in  10,000  may  be  detected  by 
this  method.  Oxycholesterol  gives  this  reaction  without  the  addition 
of  the  benzoyl  peroxide. 

Methyl  furfural  reaction.  (Neuierg  and  Bauschwerger's  reaction.) 
— A  trace  of  rhamnose  or  methyl  furfural  is  added  to  the  alcoholic  solu- 
tion of  cholesterol  and  then  concentrated  sulphuric  acid  is  cautiously 
added.  At  the  contact  surface  a  red  ring  forms  at  once  and  by  shaking, 
while  cooling  the  solution,  the  whole  fluid  colors  itself  a  beautiful  red 
and  shows,  after  dilution  with  alcohol,  an  absorption  band  which  begins 
before  E  and  ends  at  the  B  line.  The  color  is  permanent  for  several 
days.  Phytosterol  also  gives  this  reaction  and  so  do  the  bile  acids. 
(Pettenkofer's  reaction.     Camphor  derivatives,  etc.) 

Quantitative  determination.  For  the  quantitative  determination  of 
the  amount  of  cholesterol  in  a  tissue,  the  latter  is  repeatedly  extracted 
with  boiling  alcohol  and  then  by  ether ;  the  extracts  are  united  and  evapo- 
rated to  dryness  on  the  steam  bath;  the  residue  is  then  repeatedly 
exii  tided  with  dry  ether  and  the  ether  portions  united.  The  ether  is  dis- 
tilled and  the  residue  is  dissolved  in  benzene.  To  the  benzene  is  now 
added  an  amount  of  metallic  sodium  equal  in  weight  to  the  residue  and 
absolute  alcohol  is  added  cautiously  in  small  amounts  until  the  sodium 
just  dissolves.    When  the  sodium  is  dissolved  saponification  of  the  fats 
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is  continued  on  the  water  bath  with  a  reflux  condenser  for  two  hours. 
The  solution  is  then  cooled,  and  filtered  from  the  soaps,  and  the  soaps 
carefully  extracted  with  water-free  benzene,  the  extracts  being  added 
to  the  filtrate.  The  benzene  is  now  washed  repeatedly  with  water  to 
remove  the  sodium  alcoholate  until  the  wash  water  reacts  neutral.  The 
benzene  is  now  distilled  and  the  residue  is  dissolved  in  hot  94  per  cent, 
alcohol  and  made  up  to  known  volume.  Ten  c.c.  of  the  alcoholic  solu- 
tion of  cholesterol  are  now  taken  and  mixed  hot  with  a  1  per  cent,  solution 
in  90  per  cent,  alcohol  of  crystallized  digitonin  as  long  as  a  precipitate 
forms.  The  precipitate  of  digitonin-cholesterol,  after  standing  a  few 
hours,  is  filtered  through  a  weighed  asbestos  Gooch  crucible,  washed 
with  cold  alcohol  and  ether,  dried  at  100-110°  and  weighed.  To  the 
weight  is  added  .0016  gm.  for  each  10  c.c.  of  solution  as  a  correction  for 
the  amount  of  the  digitonin  cholesterol  left  in  solution,  the  compound 
not  being  absolutely  insoluble.  The  united  weights  multiplied  by  the 
factor  0.2431  gives  the  weight  of  cholesterol  in  the  amount  of  solution 
taken. 

Quantitative  determination.  Colorimetric.  (Grigant's.) — The  gravi- 
metric method  described  is  probably  superior  to  the  colorimetric, 
but  digitonin  cannot  always  be  easily  obtained.  For  the  colorimetric 
determination  the  tissue  is  heated  in  1  per  cent,  sodium  carbonate  in 
50  per  cent,  alcohol  for  twenty-five  minutes  on  the  steam  bath.  After 
cooling  the  dried  residue  is  extracted  with  ether  to  remove  the  cholesterol, 
the  ether  is  evaporated  and  the  cholesterol  is  determined  colorimetrically 
by  the  acetic  anhydride  method  by  comparing  the  color  with  standard 
tubes  made  with  known  amounts  of  pure  cholesterol  at  the  same  time. 

Amount  of  cKolesterol  in  different  tissues. — Cholesterol  is  relatively 
more  abundant  in  the  brain  than  in  any  other  organ  of  the  body.  It 
forms  an  important  constituent  of  the  medullary  sheaths  of  nerve 
fibers,  but  it  probably  also  occurs  in  the  axis  cylinder,  since  it  is  found 
in  practically  all  cells.  More  of  it  is  found  in  the  white  matter  of  the 
pons  or  corpus  callosum  than  in  the  gray  matter.  In  the  human  brain 
Kirschbaum  and  Linnort  found  by  the  digitonin  method  in  the  cortex 
1.15  per  cent,  of  cholesterol;  in  the  white  matter,  2.47  per  cent.;  in  the 
cerebellum,  1.31  per  cent. ;  in  the  pons  and  medulla  oblongata,  4.03  per 
cent.,  and  in  the  whole  brain,  2.69  per  cent.  These  figures  are  computed 
on  the  weight  of  the  fresh  undried  tissue.  Dimitz  found  3.35-4.26 
per  cent,  in  the  spinal  cord.  Thudichum,  by  measurement  of  the  non- 
saponifiable  residue  of  the  brain,  found  in  the  gray  matter  1.95  per  cent. ; 
in  the  white  substance,  3.26  per  cent.  In  the  dry  ox  brain  Lifschiitz  got 
11-12  per  cent,  as  nearly  pure  cholesterol.  Ninety-eight  per  cent,  of  this 
was  free  cholesterol,  the  other  2  per  cent,  existed  in  the  ester  form.  Egg- 
oil,  prepared  from  the  yolks  of  eggs,  contains  about  5.5  per  cent,  of  raw 
cholesterol,  one-fifth  being  oxycholesterol  ester.    Trade  lecithin  (Merck) 
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contains  esters  of  cholesterol  and  oxycholesterol  about  2-2.5  per  cent. 
Cholesterol  esters  are  also  present  in  the  kidneys  of  the  ox,  and  other 
glandular  organs ;  there  is  no  oxycholesterol  in  the  liver.  Cholesterol  is 
present  in  the  vernix  caseosa,  16.8  per  cent,  of  the  total  cholesterol  being 
oxycholesterol.  In  human  blood  serum  the  total  cholesterol  content 
varied  from  1.17-2.95  mgs.  per  c.c.  (Weston  and  Kent)  ;  or  1.97  gram 
in  the  liter  (Tscovesco).  Esters  of  cholesterol  form  doubly  refracting 
masses  in  atheromatous  arteries.  Increase  in  the  cholesterol  of  the  food 
increases  that  of  the  blood  (Kundson). 

Chemistry  of  cholesterol. — The  empirical  formula  for  cholesterol  is 
CjiH^-.OH  or  CojHisOH  (Mauthner  and  Suida).  When  dissolved  in 
glacial  acetic  or  propionic  acid  it  easily  esterifies.  It  is,  therefore,  an 
alcohol  and  there  is  but  one  alcohol  group.  It  adds  bromine,  two  atoms 
to  the  molecule,  and  also  tv?o  atoms  of  iodine,  or  hydrogen.  It  has, 
therefore,  at  least  one  double  bond.  According  to  Mauthner,  however,  it 
adds  two  molecules  of  ozone,  or  six  atoms  of  oxygen,  which  would  indi- 
cate two  double  bonds.  When  oxidized  it  yields,  first,  a  ketone,  choles- 
teron,  a  neutral  body  also  called  oxycholesterol,  CotH^sO;  and  on  further 
oxidation  a  series  of  cholesterinic  acids,  dicarboxylic  and  tricarboxylic. 
It  is  only  very  slowly  acted  upon  by  potassium  hydrate  in  solution,  but 
when  fused  with  KOH  it  is  attacked  below  the  point  of  fusion.  It  is 
readily  oxidized  by  benzoyl  peroxide,  by  potassium  permanganate,  or 
bichromate  in  glacial  acetic  solution.  By  reduction,  it  abforbs  two 
atoms  of  hydrogen  and  goes  into  hydrocholesterin.  It  is  not  hydrogerated 
by  the  ordinary  process  of  hydrog'erating  oils.  It  is  unstable  in 
light  in  the  presence  of  oxygen  and  changes  to  a  darker  color,  a  lower 
melting  point,  and  to  oxycholesterol,  giving  then  Lifschiitz'  reaction. 
(Schulze;  Winterstein.)  In  lanolin,  the  fat  of  sheep's  wool,  various 
decomposition  products  of  cholesterol  as  well  as  oxy-  and  unchanged 
and  iso-cholesterol  are  found.  Esters  are  readily  formed,  most  of  them 
being  crystalline.  The  palmitic,  stearic,  oleic,  benzoic  and  salicylic 
esters,  among  others,  have  been  prepared.  By  fusing  cholesterol  with 
propionic  acid,  the  propionic  acid  ester  is  formed.  Many  of  these  esters 
when  cooling  after  melting  show  a  beautiful  play  of  colors  from  yiolet, 
blue-green,  orange  and  carmine  red.  ;  This  may  be  used  for  detecting 
cholesterol.  If  gently  fused  with  propionic  anhydride,  two  to  three  drops 
in  a  dry  test  tube,  and  a  little  of  the  fused  mixture  taken  out  on  a  glass 
rod,  the  play  of  colors  may  be  seen. 

From  a  study  of  the  decomposition  products  and  the  properties  of 
the  substance,  the  conclusion  has  been  tentatively  reached  that  cholesterol 
is  a  mono-hydroxy -secondary  alcohol,  vS^ith  a  terminal  vinyl  group ;  with 
a  double  bond ;  and  probably  containing  four  saturated  hexa-carbon 
rings.  The  structure  of  the  nucleus  has  not  yet  been  made  out.  The 
formula  as  far  as  known  is,  then,  according  to  Mauthner ; 
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It  belongs  in  the  general  group  of  the  terpenes  and  it  is  probably  closely 
related  to  the  bile  acids. 

Physiological  importance. — Cholesterol  is  one  of  the  most  iinportant 
physiological  substances.  In  pathology,  also,  it  plays  a  considerable  role. 
Ii  forms  one  of  the  chief  constituents  of  gall  stones,  and  deposits  in  the 
walls  of  arteries.  It  may  have  some  value  as  a  remedy.  As  we  have 
seen,  it  forms  a  weak  molecular  union  with  saponaceous  substances  like 
digitonin.  It  acts  in  a  similar  way  with  other  hemolytic  substances,  such 
as  saponin,  and  other  glucosides.  It  neutralizes  their  toxic  action  and 
thus  protects  the  blood  corpuscles  of  the  body.  The  red  cells  are  con- 
stantly being  attacked  by  hemolyzing  substances  and  dissolved.  If  the 
rate  of  destruction  surpasses  the  rate  of  new  formation  anemia  is  pro- 
duced. Cholesterol  has  the  property  of  protecting  the  corpuscles  from 
many  of  these  dissolving  substances,  such  as  the  bile  salts  among  others. 
It  is,  hence,  being  tried  as  a  remedy  in  hemoglobinuria  and  anemia. 
It  probably  plays  a  very  important  role  in  the  blood  in  this  way. 
Another  property  of  cholesterol,  possibly  of  no  less  importance,  is  that 
it  neutralizes,  or  checks,  the  action  of  lipolytic  enzymes.  It  may  in  this 
way,  perhaps,  protect  the  lipins  of  the  cell  from  digestion,  or  help  regu- 
late the  rate  of  their  digestion.  It  has  recently  been  found  by  Faust 
and  Abel  that  derivatives  of  cholesterol  are  among  the  most  powerful  of 
heart  poisons.  These  investigators  have  isolated  from  the  skins  of  toads 
crystalline  substances,  evidently  oxidation  products  of  cholesterol,  which 
have  most  powerful  digitalis-like  actions  on  the  heart.  Their  artificial 
formation  from  cholesterol  may  put  in  the  hands  of  the  physician  a  valu- 
able remedy  of  the  digitalis  class.  Cholesterol,  or  its  degradation  prod- 
ucts, aids  the  other  lipins  in  giving  to  cells  their  power  of  holding  large 
quantities  of  water  without  losing  their  peculiar  semifluid  characters, 
and  without  dissolving.  As  a  constituent  of  wool  fat,  or  lanolin,  it  helps 
form  a  valuable  salve  menstruum  for  the  physician,  lanolin  taking,  up 
80  per  cent,  of  water  in  which  water  soluble  drugs  may  be  dissolved 
and  applied  as  a  salve.  As  a  constituent  of  waxes  and  the  sebum  of  the 
skin  it  protects  the  epidermal  structures;  it  forms  one  of  the  most 
abundant  lipins  in  the  brain  and  occurs  in  nearly  all  living  tissues ;  it  is 
believed  to  be  the  mother  substance  from  which  the  bile  acids  are  derived 
and  so  plays  indirectly  an  important  part  in  the  absorption  of  fats  from 
the  intestine ;  it  probably  gives  rise,  also,  to  some  of  the  lipochrome  pig- 
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ments  and  possibly  to  some  of  the  odoriferous  substances  of  plants  and 
animals. 

The  emulsions  formed  from  water  and  cholesterol  esters,  or  oxy- 
eholesterol  in  union  with,  or  mixed  with,  other  lipins,  particularly  the 
amino-lipins,  are  extremely  interesting  and  should  be  carefully  studied. 
Some  of  the  acids  formed  by  the  oxidation  of  cholesterol  are  poisons 
having  a  toxic  and  hemolytic  action  comparable  with  some  of  the  snake 
venoms.    By  repeated  oxidation  of  cholesterol  Windaus  obtained  an  acid, 
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more  hemolytic  than  the  bile  acids.  The  acid  C27H40O5  was  as  powerful 
as  many  saponins  in  dissolving  red  blood  cells.  It  caused  local  necrosis 
like  that  caused  by  many  snake  poisons.  Cholesterol  probably  plays  an 
important  part  in  the  Wasserman  reaction.  Cerebro-spinal  liquid  of 
syphilitics  generally  contains  more  cholesterol  than  normal  (Pighini). 

Other  sterols. — Other  sterols  isolated  from  animal  and  plant  tissues 
are  the  following: 


Substance 

Formula 

M.P. 

Where  found 

Phytosterols 

C27H4eO 

135''-144° 

Various  plants 

Sitosterol 

^26^4*0  "' 

136.5° 

—26 A  (Ether) 

Wheat  embryos 

C^^H^^OH  H^O  (Ritter) 

—33.9   (CHCI3) 

Calabar  bean. 

137.5°  (Burian) 

Psylla  alcohol 

CssHe^OH 

69°-70° 

Psylla  wax. 
Bumble-bee  wax 

Isocholestefol 

^2»^.»^ 

140.1° 

(CHCl  )"°+59.1    Wool  fat 

n37°-138°) 

+  60.0 

(Dried  at  80° 

) 

Taraxasterol 

C.,H,,OH 

Taraxicum  officinale 
(Power  and 
Browning) 

Homo    "    '• 

^2.^.9^^ 

Clutyianol 

C2.H«0(0H)^ 

I 

Clutyia  similis 
(TutinandClewer) 

Spongosterol 

C    H    0 

27      48 

124° 

[a]  *if-19-59° 

Sponge 

Bombicesterol 

148° 

—34°  (Ether) 

Silkworm  chrysalis 

Stigmasterol 

Cso^^gO 

170° 

—45.0°  (CHCl^)  Calabar  bean 

Rape  oil;  cacao 

butter 

Ergosterol 

160° 

Boletus  edulis 

CucTirbitol 

C2A0O4 

260° 

Watermelon  seed 

StercoTol 

C   H    0 

27      48 

95-96° 

+  24" 

Human  feces 

(Koprosterol) 

Hippoeopro- 

sterol 

C    H    0 

/'8.6-79.6° 

Horse  feces 
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Phospholipins,  or  phpsphatides. — ^Although  the  fats  have  been  dis- 
cussed before  the  phosphatides  because  of  the  simple  structure  of  the 
former,  were  we  to  place  them  in  the  order  of  their  importance  in  the 
production  of  vital  phenomena,  there  can  be  little  doubt  that  the  phos- 
phatides should  have  been  considered  first,  as  among  the  most  important 
substances  in  living  matter.  For  they  are  found  in  all  cells,  and  it  is 
undoubtedly  their  function  to  produce,  with  cholesterol  and  proteins,  the 
peculiar  semifluid,  emulsion  state  of  protoplasm.  The  latter  holds  much 
water  in  it,  but  does  not  dissolve.  Indeed  it  might  be  said  that  the 
phosphatides  with  cholesterol  make  the  essential  physical  substratum  of 
living  matter. 

Definition.  This  physical  substratum  of  phospholipin  differs  in  dif- 
ferent cells  and  probably  in  the  same  type  of  cells  in  different  animals, 
but  everywhere,  from  the  lowest  plants  to  the  highly  difjferentiated  brain 
cells  of  mammals  and  of  man  himself,  it  possesses  certain  fundamental 
chemical  and  physical  properties.  In  all  cases  the  phospholipin  sub- 
stratum is  soluble  in  alcohol  containing  some  water.  The  phospholipins 
may  be  separated  from  the  protein,  salt  and  other  insoluble  substances 
by  extraction  with  85  per  cent,  ethyl  alcohol.  Many,  but  not  all,  are 
soluble  when  pure  in  absolute  ether,  or  in  absolute  alcohol,  but  all,  or 
nearly  all,  may  be  extracted  with  impurities  by  85  per  cent,  alcohol.  It 
is  extremely  difficult  to  remove  the  phospholipins  completely  from  the 
protein,  with  which  a  part  appears  to  be  in  combination,  but  by- repeated . 
fifteen  to  twenty,  extractions  with  boiling  85  per  cent,  or  90  per  ceni 
alcohol  and  ether  they  may  be  practically  completely  removed. 

Most  of  the  so-called  fat  of  tissues  is  in  reality  phospholipin  and 
cholesterol.  It  is  usually  obtained  by  ether  or  alcohol  extraction  of  the 
dried  tissue.  The  total  alcohol-ether  extract  (fat)  of  the  pig's  liver 
was  found  by  MacLean  and  Williams  to  contain  84  per  cent,  of  phospho- 
lipin and  16  per  cent,  only  was  neutral  fat  and  cholestercl,  or  substances 
soluble  in  acetone. 

There  is  probably  always  more  than  one  phospholipin  in  a  cell  and 
when  they  are  separated  from  each  other  and  from  fat  and  sterol  some 
of  them,  such  as  cephalin,  are  almost  insoluble  in  absolute  alcohol  even 
when  boiling ;  and  others  are  insoluble  in  ether ;  but  in  a  mixture,  those 
which  are  the  more  soluble  hold  those  which  are  less  soluble  in- solution, 
so  that  their  separation  by  differential  solubility  is  a  matter  of  difficulty. 

The  phospholipins  are  so  called  because  they  always  contain  phos- 
phoric acid;  in  addition  they  always  contain  some  higher  fatty  acids; 
and  the  typical  ones  an  organic  base,  which  is  sometimes  choline,  but 
in  many  its  nature  is  unknown.  Most,  but  apparently  not  all,  rontain 
also  glycerol.  They  resemble  the  fats  and  oils,  then,  in  containing  fatty 
acids  and  glycerol,  but  they  differ  from  them  in  having,  in  addition, 
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phosphoric  acid  and  some  nitrogen  base.  It  is  just  this  composition  which 
explains  their  peculiar  relation  to  water,  for  by  their  fatty  parts  they 
are  prevented  from  dissolving  in  the  water,  while  in  virtue  of  the  choline 
or  other  base  and  phosphoric  acid  in  their  molecules  they  have  a  great 
affinity  for  it. 

The  exact  chemical  composition  of  none  of  the  phospholipins  has 
been  definitely  established,  but  the  constitution  of  at  least  two  of  them 
is  probably  approximately  known.  These  two  are  lecithin  and  cuorin. 
The  reason  why  more  of  them  are  not  known  is  owing  to  the  lack  of  accu- 
rate chemical  quantitative  methods  for  their  preparation  and  analysis, 
and  the  great  difficulty  of  securing  stable,  pure  substances  for  analysis. 
But  lecithin  and  cuorin^may  be  taken  as  types  of  phospholipins  which 
are  widespread. 

Classification  of  the  phospholipins  (phosphatides). — The  following 
classification  was  suggested  by  Thudichum  for  the  phosphatides  and  is 
coming  more  and  more  into  use.  The  phospholipins  are  divided  into  the 
following  groups: 

1.  Mono-amino-monophospholipins.    Lecithin,  cephalin. 

2.  M'ono-amino-diphospholipins.    Cuorin. 

3.  Di-amino-monophospholipins.     Sphingomyelin. 

4.  Tri-amino-monophospholipins.    Carnaubon. 

This  classification  is  of  course  of  a  temporary  nature  until  the  real 
composition  of  the  members  of  the  group  is  known,  when  a  more  definite 
classification  can  be  made. 

General  method  for  the  separation  of  phospholipins  from  cells. 

Dry  the  tissue  at  low  temperature.  If  possible  freeze  it  immediately  after 
removal  from  the  animal  to  stop  at  once  the  action  of  possible  phosphatideases. 
Shave  the  frozen  tissue  in  a  Kossel  knife  machine  and  allow  it  to  dry  in  a  frozen 
state  in  a  vacuum  desiccator  over  Al^^O^  or  CaCl^.  Extract  the  dry  tissue  twice  with 
cold  acetone  at  room  temperature.  This  removes  most  of  the  fat  and  sterol.  Suck 
oflf  the  acetone;  free  the  powder  from  acetone  by  evaporation  at  room  temperature; 
and  extract  with  absolute  ether  at  room  temperature.  The  ether  will  remove  any 
cephalin,  or  lecithin.  Some  oerebrin  and  other  similar  cerebrosides  or  glycolipins, 
which  when  pure  are  insoluble  in  ether,  may  also  go  into  solution  in  the  ether  when 
the  latter  has  lecithin  in  it.  Most  of  the  glycolipins,  however,  will  remain  behind. 
The  ether  extraction  may  be  followed  by  a  boiling  alcohol  extraction,  which  will  take 
out  most  of  the  glycolipins,  if  any  are  present,  and  the  remnant  of  lecithin  and  other 
phospholipins.  The  ether  extract  had  best  be  treated  separately  from  the  alcoholic 
Evaporate  the  ether  under  diminished  pressure  at  low  temperature;  take  up  the 
extract  in  cold  absolute  ether  and  allow  to  stand  twenty-four  hours  or  longer,  in  a 
tall  cylinder  until  a  white  precipitate  (glycolipin,  sulphatide,  etc.)  has  settled  out. 
The  clear  solution  is  then  sucked  off  from  the  precipitate  and  to  it  two  volumes  of 
good  acetone  are  added.  This  precipitates  the  phospholipins  and  leaves  most  of  the 
fat  and  cholesterol  in  solution.  Redissolve  in  ether  and  reprecipitate,  after  settling 
out  the  white  substance;  and  repeat  this  until  the  ether  solution  is  entirely  clear. 
By  the  addition  now  of  three  volumes  of  absolute  alcohol  to  each  volume  of  ether  the 
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lecithin  substances  may  be  separated  from  the  cephalin,  or  cuorins  which  are  pre- 
cipitated. 

The  substances  thus  separated  as  lecithin  and  cephalin  are  still  impure  mix- 
tures of  several  phospholipins.  The  method  for  the  preparation  of  pure  lecithin  is 
given  in  the  chapter  on  the  brain.  It  consists  in  the  precipitation  of  the  lecithin 
as  the  cadmium  salt  by  alcoholic  cadmium  chloride,  the  fractioning  of  the  precipitate 
by  means  of  benzene  and  the  final  separation  of  the  lecithin  as  the  chloride  by  H^S 
and  of  the  free  lecithin  by  the  use  of  Millon's  base. 

If  it  is  not  possible  to  freeze  the  tissue  it  should  be  placed  at  once  in  a  large 
amount  of  95%  alcohol,  cut  into  small  pieces  and  extracted  twice  with  cold  alcohol, 
to  remove  the  water,  and  then  boiled  out  repeatedly  with  85%  alcohol.  The  phos- 
pholipins are  recovered  by  distilling  off  the  alcohol  and  allowing  to  cool.  They  may 
be  separated  in  the  method  described  under  the  brain. 

Lecithin. — This  is  one  of  the  phospholipins  of  the  yolk  of  the  hen's 
egg.  The  name  is  from  the  Greek,  lekythos,  meaning  yolk  of  egg.  It 
was  first  isolated  and  the  name  given  by  Gobley '  in  1846.  Diakonow, 
in  Hoppe-Seyler's  laboratory,  worked  out  what  is  believed  to  be  its  com- 
position in  1867,  although  it  is  very  improbable  that  he  ever  had  pure 
lecithin.  On  hydrolyzing  it  with  barium  hydrate,  he  obtained  glycerol, 
phosphoric  acid,  stearic  acid,  oleic  acid  and  the  base  choline  Cneurine, 
according  to  Thudichum).  He  wrote  its  formula  C44H90NPO9+H2O 
and  regarded  it  as  distearyl  lecithin.  Its  structural  formula  was  be- 
lieved to  be  ai!i  follows : 

H        O 

H— 0-O-C— ( CH^ )  jg— CH, 


I_i— 0— C— 


I  ° 

H— C— 0— P— O— CH  — CH  — N(CHJ  OH 

2  2  ^         8    8 

Hypothetical  formula  of  lecithin. 

Its  molecular  weight  has  not  been  directly  determined.  The  molecular 
weight  with  the  above  formula  would  be  807.  It  was  very  quickly  found 
by  Hoppe-Seyler  and  his  pupils  that  lecithin-like  bodies  were  present 
in  all  cells  and  that  they  might  contain  palmitic,  oleic  and  other  acids; 
but  until  recently  it  was  believed  that  the  base  was  always  choline  and 
the  alcohol  glycerol.  It  is  now  clear  that  there  are  a  group  of  substances 
differing  widely  in  chemical  composition,  of  which  lecithin  is  but  one. 
This  group  we  have  called  the  phospholipins.  Lecithin  in  ether  solution 
will  not  diffuse  through  a  rubber  membrane.  Its  n^blecular  weight  may 
possibly  be  double  that  cited.  ' 

'  Gobley:  Journal  de  phwmade  et  de  ohimie,  Vol.  XI,  p^  409;  XII,  p.  6;  XVII,  p, 
401;  XVIII,  p.  107. 
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The  hydrolytic  decomposition  of  lecithin  is  supposed  to  follow  the 
reaction : 

C^  H„  NPO„  +  4H  O  CH    0+C    H    O+OHO+HPO+CH    NO 

44      88  9     I  2        ^        18      34     2     1^      18      36     2  ^^      3      8     3^^       3         4  T^      5      15  2 

Lecithin.       Water.  Oleic  acid.      Stearic     Glycerol.  Phosphoric     Choline. 

acid.  acid. 

There  is  one  atom  of  nitrogen  to  one  of  phosphorus,  so  that  lecithin 
is  a  mono-amino-monophospholipin.    N  :P :  :1 :1. 

The  actual  analyses  of  egg  lecithin  have  given  figures  for  the  fatty 
acid  content  which  correspond  closely  to  the  theoretical;  and  approxi- 
mately the  theoretical  amount  of  phosphorus  and  nitrogen  has  been 
found,  but  the  quantitative  determination  of  the  choline  is  still  impos- 
sible and  only  some  80  per  cent,  of  the  theoretical  amount  has  actually 
been  recovered.  The  chief  difficulties  in  the  way  of  a  quantitative  deter- 
mination of  choline  have  been  two :  the  first  is  that  choline  is  not,entirely 
stable  in  barium  hydrate  which  is  generally  Used  for  the  hydrolysis,  and 
some  nitrogen  of  an  unknown  nature  always  remains  in  the  fatty  acid 
residue  when  this  method  of  hydrolysis  is  used ;  the  second  is  that  the 
precipitation  of  choline  by  platinum  chloride  is  not  quantitative,  par- 
ticularly in  the  presence  of  other  substances  such  as  glyceryl-phosphoric 
acid.  Moreover,  unless  special  methods  are  used,  the  platinum  compound 
nearly  always  contains  potassium.  The  first  difficulty  can  be  avoided  by 
the  use  of  the  method  of  alcoholysis,  that  is  hydrolysis  by  hydrochloric 
acid  in  absolute  alcohol.    But  the  second  is  still  unsurmounted. 

Pure  lecithin  is  a  white  substance,  crystallizing  in  very  thin  plates 
which  mass  together  to  form  a  waxy  mass.  It  is  readily  soluble  in  alcohol 
and  ether  and  can  be  separated  from  other  phospholipins  which  may 
accompany  it  only  by  precipitating  it  with  cadmium  chloride  and  the  use 
of  a  complicated  mcfthod  of  purification.  See  page  571.  Few  people  have 
prepared  pure  lecithin.  According  to  Thudichum,  lecithin  always  don- 
tains  oleic  acid.  The  point  of  union  of  the  choline  is  still  disputed  and 
the  exact  structure  of  the  molecule  is  uncertain.  The  formula  given  is, 
perhaps,  the  most  probable.  Thudichum  believed  that  the  fatty  acids 
were  united  with  the  phosphoric  acid,  but  this  does  not  seem  very 
probable. 

On  hydrolysis  lecithin  yields  oleic,  palmitic  or  stearic  acids,  choline 
or  neurine,  glyceryl-phosphoric  acid,  and  free  glycerol  and  phosphoric 
acid.  Many  substances  have  in  the  past  been  called  lecithins  which  were 
either  very  impure  lecithin  or  phospholipins  of  a  similar  character. 
Lecithin  is  fairly  stable  and  may  be  kept  as  the.  cadmium  salt  or  even 
as  free  lecithin  for  a  long  period  unchanged.  It  is  much  more  stable 
than  the  cephalins  (kephalins). 

It  is  probable  that  there  are  a  number  of  different  lecithins,  since 
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the  character  of  the  fatty  acid  may  vary  in  different  members  of  the 
group.  A  phospholipin  yielding  eiioline,  fatty  acids,  glycerol  and  phos- 
phoric acid  may  be  called  lecithin.  It  is  doubtful,  however,  whether  the 
phospholipiii  of  the  egg,  which  is  properly  called  lecithin,  is  found  in  any 
other  tissue.  We  might  call  those  phospholipins  which  yield  choline  the 
choleo-phospholipins. 

Choline.     This  is  the  base  found  in  egg  lecithin.     It  is  trimethyl, 
oxyethyl  ammonium  hydroxide,  and  has  the  following  formula: 

'^\/^H^.CH^OH 
CH^-k 

ch/^oh 

Choline.  C  H    NO  . 

6      16         2 

It  is  related  to  neurine  and  muscarine,  the  latter  being  an  oxidized 
choline  found  in  poisonous  mushrooms  such  as  Agaricus  muscarius. 

CH^  CU^ 

'  \/  CH^.CHO  "  \/ .  il  =  CH 

CH-M  CH --N 

CH  ^^OH  CH   ^^OH 

3  8 

Muscarine,  C^jH^^NO^.  Neurine,  C^Hj^NO. 

Choline  was  discovered  by  Strecker  in  ox-bile,  hence  the  name  choline, 
from  the  Greek  chole,  bile.  It  is  found  in  many  different  cells,  as  ph(M- 
pholipins  which  are  said  to  yield  choline  are  widespread  in  nature.  In 
some  instances,  however,  the  substances  identified  micro-chemically  as 
choline  may  not  have  been  choline,  but  trimethyl  amine  (Doree  and 
GoUa) .  Neurine  is  found  in  the  nervous  system  of  the  ox,  but  not  free. 
It  is  probably  derived  from  choline  in  the  process  of  preparation.  It  is 
difficult  to  see  how  neurine  could  form  a  part  of  a  phospholipin  except 
as  a  salt  through  the  hydroxyl,  Choline  is  also  related  to  the  betai'nes 
Betaine  is  the  anhydride  of  trimethyl  amino-acetic  acid.  The  formula  is 
as  follows: 

CH  —St.    CH  — c  =  o 


cn  o 

BetaVne,  C  H    NO  . 

'        6      11  2 

Betaine  gets  its  name  from  the  fact  that  it  occurs  free  in  the  sap  of  the 
sugar  beet,  Beta  vulgaris.  It  is  also  found  in  tnany  other  plants  and  the 
homologues  of  betaine  are  very  common  in  plants,  and  one,  theor-oxy-)' 
trimethyl   butyro   betaine,   is   found   in   muscle    (earnutine).     Large 
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amounts  of  betaine  occur  in  the  fresh  muscles  and  salivary  glands  of 
cephalopods. 

Choline  is  a  fairly  strong  base,  alkaline  in  reaction  and  absorbing  CO2 
from  the  air.  It  crystallizes  readily  as  the  double  salt  of  platinum 
chloride  (C5Hi4NOCl)2  PtCl^  in  reddish  yellow  plates.  Thudichum 
states  that  the  corresponding  neurine  salt  crystallizes  much  more  beau- 
tifully if  there  is  some  potassium  chloride  present  as  an  impurity. 
Choline  is  precipitated  by  phospho-tungstic  acid.  It  is  unstable  as  the 
free  base,  but  stable  as  the  salt.  It  will  be  notijsed  that  in  lecithin,  if 
the  ordinary  formula  is  correct,  the  hydroxyl  of  the  choline  is  free. 
This  may  be  substituted  by  other  anions  such  as  chlorine,  making  lecithin 
chloride.  This  is  very  important  from  the  point  of  view  of  the  action 
of  inorganic  salts  on  protoplasm,  for  at  this  point  the  anions  of  the  salts 
may  act  on  the  living  matter  by  changing  the  state  of  aggregation  of 
the  lecithin  by  substituting  this  hydroxyl  of  the  lecithin.  Moreover,  by 
the  interaction  of  the  hydrogen  of  the  phosphoric  acid  with  the  hydroxyl 
of  the  choline  anhydrides  may  be  formed. 

Choline  has  a  pronounced  physiological  action  and  its  esters  are  even 
more  powerful.  It  is  said  by  most  observers  to  cause  a  lowering  of  the 
blood  pressure.  Modrakowski  and  Popielski,  however,  maintain  that  pure 
choline  raises  the  blood  pressure  in  non-anesthetized  animals.  The  lat- 
ter recrystailized  the  platinum  double  salt  and  picked  out  the  larger, 
better-formed  crystals  in  order,  as  they  thought,  to  get  a  pure  product. 
The  reason  for  the  discrepancy  between  these  different  observers  in  the 
action  of  choline  is  not  clear.  Choline  decomposes  readily.  They  ascribe 
the  lowering  of  the  blood  pressure  obtained  by  others  to  impurities 
produced  by  decomposition.  On  the  other  hand,  carefully  prepared, 
synthetic  choline  still  lowers  the  blood  pressure.  Most  investigators 
tested  the  action  on  anesthetized  animals.  Perhaps  the  difference  lies 
here ;  possibly  the  larger  crystals  picked  out  by  Popielski  may  have  been 
impurities  or  choline  esters,  since  Thudichum  has  shown  for  neurine 
that  a  slight  impurity  of  potassium  greatly  improves  the  power  of  crys- 
tallization of  the  platinum  salt.  Choline,  as  the  free  base,  is  said  to 
decompose  readily,  yielding  trimethyl  amine;  and  trimethyl  amine  has 
been  found  to  be  a  normal  constituent  of  human  blood,  urine  and  other 
fluids  and  tissues.  If  a  lecithin,  or  other  phospholipin,  is  hydrolyzed 
with  barium  hydrate  some  nitrogen  evaporates  and  part  of  it  goes  as 
trimethyl  amine.  The  curious  fact  is  that  the  amount  of  trimethyl  amine 
obtained  does  not  seem  to  depend  on  the  time  of  heating,  which  would 
indicate  the  possibility  either  that  trimethyl  amine  is  not  derived  from 
the  choline  but  from  some  other  base,  or  else  that  it  is  preformed  in 
small  amounts  in  the  lipin.  The  subject  needs  further  investigation. 
As  an  example  of  the  contradictory  evidence  on  some  of  these  points  by 
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the  best  investigators,  the  observation  of  Thudichum  on  cephalin  may  be 
cited.  According  to  Thudichum  cephalin,  which  he  purified  with  the 
greatest  care,  more  carefully  than  most  other  observers,  contains  quanti- 
ties of  neurine  which  was  identified  as  the  platinum  double  salt.  He 
found  also  amino-ethyl  alcohol  and  another  base.  Now  according  to 
Koch  there  is  probably  no  neurine  or  choline  in  cephalin  and  this  has 
been  confirmed  by  Foster.  What,  then,  was  the  base  which  was  so 
much  like  neurine  as  to  mislead  so  sharp-sighted  an  investigator  as 
Thudichum?  What  weight  shall  be  attributed  to  the  reports  of  others 
as  to  the  presence  or  absence  of  choline  or  neurine  in  animal  tissues 
or  phospholipins  ? 

The  decomposition  of  choline  by  heating  into  trimethyl  amine  and 
glycol  is  represented  by  the  following  equation : 

CH  CH 

\      ,CH  .CH  OH  \ 

CH  — N  ►     CH  — N  +  CH  OH.CH  OH 

S  3  '  2  2 

CH^'^OH  CH^ 

Choline.  Trimethyl  amine.  Glycol. 

It  is  the  opinion  of  several  observers  that  choline  and  similar  sub- 
stances of  the  class  of  betaines,  which  are  quite  common  in  the  plant 
and  probably  in  the  animal  world,  originate  by  the  methylation  of  some 
of  the  amino  acids. 

Quantitative  determination  of  choline. — ^The  following  method  was  used  by 
Kinoshita  for  the  quantitative  determination  of  the  amount  of  choline  in  tissues. 
One-half  to  one  kilo  of  the  organ  freed  from  connective  tissue  and  fat  is  hashed  and 
mixed  with  a  double  weight  of  water  acidified  with  acetic  or  hydrochloric  acid  and 
boiled.  The  extract  is  filtered  through  a  cloth  and  the  extraction  three  times  re- 
peated. The  fluid  of  the  extract  is  allowed  to  cool,  the  fatty  layer  removed  and  after 
acidification  with  hydrochloric  acid  to  prevent  the  decomposition  of  the  choline  it 
is  concentrated  first  over  the  free  flame  and  then  on  the  water  bath ;  the  concentrate 
is  poured  into  a  3-liter,  round-bottom,  Jena  glass  flask  and  by  vacuum  distillation 
on  the  water  bath  brought  to  dryness.  The  residue  is  then  extracted  three  times  in 
the  same  flask  with  boiling  ether  and  the  ether  poured  off.  The  choline  is  then  re- 
moved by  three  extractions  with  boiling  95%  alcohol  and  the  united  alcohol  extracts 
brought  by  distillation  in  vacuo  on  the  water  bath  to  dryness.  The  residue  is  ex- 
tracted with  absolute  alcohol,  the  alcohol  evaporated  and  again  extracted  with  abso- 
lute alcohol  and  the  last  absolute  alcohol  extract  is  flltered.  The  choline  in  the 
absolute  alcohol  solution  is  now  precipitated  by  the  addition  of  an  absolute  alcohol 
solution  of  PtCl  or  HgCl  .  The  precipitate  after  twenty-four  hours'  standing  in  the 
cold  is  suspended  in  water  and  decomposed  with  H  S  and  then  without  filtering  it  is 
evaporated  to  dryness  in  a  porcelain  dish  on  the  water  bath.  The  residue  is  taken  up 
in  a  little  water,  filtered  and  the  residue  carefully  washed.  The  solution  is  evapo- 
rated to  a  small  bulk  and  the  gold  double  salt  formed  by  the  addition  of  AuCI  .  The 
gold  chloride-oholine  crystals  are  weighed. 

Choline  may  be  precipitated  from  its  solution  by  KI  ;  by  PtCl  ;  or  by  an  alcoholic 
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HgCl  solution.  KI  will  precipitate  when  added  to  an  aqueous  choline  chloride  solution. 
A  10%  HgCl,  solution  in  alcohol,  or  a  10%  solution  of  PtCl  in  alcohol  when  added 
to  an  alcoholic  solution  of  choline  chloride,  are  about  equally  efficacious  as  precipi- 
tant. A  .002-.001^  solution  of  choline  chloride  will  give  with  either  reagent  a  distinct 
precipita.te  in  10  to  15  minutes;  and  a  .0006-.0003%  solution  will  give  a  noticeable 
precipitate  after  30  minutes.  Even  a  .00005%  solution  will  give  a  slight  precipitate 
after  2  hours.    Sublimate  solution  in  absolute  alcohol  added  to  the  alcoholic  solution 


FiQ.  10. — A.  Crystals  of  choline  perlodlde. 
formation  of  oily  drops   (Rosenheim). 


B.  Crystals  undergoing  disintegration  and 


oi   choline   chloride   precipitates   far  more   completely   than   the  aqueous   solution 
( Kinoshita ) . 

None  of  the  micro-chemical  tests  which  have  been  proposed  for  the  detection  of 
choline  are  reliable.  Most  of  these  reactions,  such  as  the  Florence  reaction,  are  given 
by  neurine,  trimethyl  amine  and  other  bodies  (Kinoshita). 

Amount  of  choline  in  various  tissues. — The  quantitative  determina- 
tion of  the  choline  in  various  tissues  has  yielded  the  following  results. 
This  choline  is  not  free  but  is  split  off  by  heating  the  tissue  with  hydro- 
chloric acid. 

Amount  of  choline  in  per  cent,  of  the  wet  weight  of  the  tissue.  Direct 
determination  by  the  gold  salt  (Kinoshita). 

Percent, 
cholioe. 
.012-.0.S0 
.016-.0.S2 
.010.017 
.020-.020 
.016-.0I1 
Cuorin. — C^iHjjBNPaOaj.  This  as  the  name  implies  is  a  phospholipin 
isolated  from  the  beef  heart.  In  its  solubilities  and  other  properties  it 
resembles  eephalin. 

Method  of  preparation.  The  method  used  by  Erlandsen  for  its  prepa- 
ration is  as  follows:  The  ox  heart  freed  from  fat,  blood  vessels,  etc.,  is 


Tissues 

OF  Ox 

Per  cent. 

choline. 

Pancreas  I 

.015 

Spleen 

"       Ila 

.031 

Muscle 

lib 

.022 

Liver 

"       He 

.021 

Kidney 

Small   intestine 

.022-.030 

Lung 
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ground  in  a  meat  grinder  and  spread  on  glass  plates  before  a  fan  to  dry. 
Il  loses  about  70  per  cent,  of  its  weight  as  water  evaporates.  It  is  then 
ground  in  a  mill  and  dried  in  vacuo  over  sulphuric  acid  at  40°.  (The 
author 's  experience  is  that  it  is  better  not  to  use  sulphuric  acid  in  vacuo 
as  a  drying  agent  because  of  the  vapor  pressure  of  the  acid.  CaClj  or 
AljOa  are  not  open  to  this  objection.)  The  powdered  mass  is  then  ex- 
tracted with  ether,  1  liter  to  each  500  grams  of  powder,  at  room  tempera- 
ture, changing  daily  until  all  ether-soluble  material  is  extracted.  The 
extracts  are  evaporated  in  vacuo  to  a  syrup.  The  ether  extract  is  about 
7  per  cent,  of  the  dry  powder.  This  extract  is  re-extracted  with  absolute 
ether,  and  allowed  to  stand.  A  white  substance  (probably  glycolipin, 
A.P.M.)  separates  out.  The  ether  is  decanted  from  the  white  residue; 
precipitated  with  water-free  acetone.  The  precipitate  is  redissolved  in 
ether  and  reprecipitated  several  times.  This  frees  the  cuorin  from  fat 
and  cholesterol  and  some  other  substances  such  as  the  white  substance. 
It  is  now  redissolved  in  ether  and  reprecipitated  by  four  volumes  of  cold 
absolute  alcohol  at  0°-2°  C.  The  precipitate,  which  is  crude  cuorin,  is 
extracted  with  warm  absolute  alcohol ;  the  cuorin  remains  insoluble. 
Thus  prepared  it  resembles  cephalin,  a  phospholipin  of  the  brain.  It  is 
a  yellowish  brown,  transparent,  almost  odorless,  glassy  substance;  it  is 
very  hygroscopic  and  becomes  sticky  and  finally  fluid  on  standing  in  the 
air.  It  melts,  undergoing  decomposition.  It  contains  no  sulphur.  It 
is  easily  soluble  in  ether,  chloroform,  carbon  bisulphide  and  petroleum 
ether.  At  high  temperatures  it  is  soluble  in  glacial  acetic  acid,  acetic 
ester  and  amyl  alcohol,  and  precipitates  out  on  cooling.  It  is  insoluble 
in  hot  and  cold  methyl  and  ethyl  alcohol  and  acetone.  In  water  it  sinks 
at  once  to  the  bottom,  but  swells  and  finally  dissolves  to  a  turbid  emul- 
sion, which  reacts  neutral.  The  emulsion  becomes  quite  clear  on  adding 
alkali.  Analysis  of  cuorin  gave  C,  61.63  per  cent. ;  H,  9.03  per  cent. ; 
N,  1.015  per  cent. ;  P,  4.46  per  cent. ;  0,  23.86  per  cent.  The  ratio  of 
P  :N :  :2 : 1.  It  is  hence  a  mono-amino-diphosphatide.  The  iodine  number 
is  101.  It  contains  three  fatty  acid  groups  per  molecule  of  the  average 
composition  of  CioHj^Oa.  Melting  point  47-48° .  Iodine  number  of  the 
acids,  130.1.  The  fatty  acids  contain  acids  of  the  linolic  and  linolinic 
groups,  and  are,  therefore,  doubly  or  trebly  unsaturated.  This  is  a  point 
of  much  interest  in  view  of  the  keen  metabolism  of  the  heart  tissue. 
Glyceryl-phosphoric  acid  was  isolated.  The  base  was  not  choline,  but 
an  unknown  base,  the  nature  of  which  has  not  been  determined.  Cuorin 
resembles  cephalin  in  many  ways.  It  is  very  improbable  that  the  cuorin 
thus  prepared  is  a  single  substance  and  further  work,  using  the  meth- 
ods of  Thudichum  for  the  separation  of  the  cuorin  into  its  constitu- 
ents, must  be  done.  There  are  other  phospholipins  in  the  heart  than 
cuorin. 
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We  shall  have  occasion  to  examine  the  composition  of  other  members 
of  the  phospholipins  in  the  chapter  on  the  brain. 

Physical  properties  of  phospholipins. — The  physical  characters  of 
the  phospholipins,  by  whatever  method  they  are  prepared,  are  extremely 
interesting.  They  are  generally  light  yellow  to  brown,  waxy  or  salve- 
like substances,  not  crystalline,  although  some  have  been  crystallized. 
They  dry  in  vacuo  over  a  drying  agent  to  a  hard  mass,  which  may  easily 
be  pulverized.  The  powder  so  obtained  is  generally  very  hygroscopic 
and  when  exposed  to  the  air  it  takes  up  quantities  of  water  and  turns 
to  a  dark-brown,  thick,  semifluid  mass.  It  is  probably  partially  oxidized 
at  the  same  time,  and  it  is  chemically  changed,  so  that  after  thus  becom- 
ing partially  fluid  and  standing  some  time,  there  is  a  change  in  solubility ; 
generally  the  solubility  in  ether  is  diminished  and  that  in  water  increased. 
The  phospholipins,  unlike  the  fats,  form  permanent  emulsions,  or  colloidal 
solutions,  if  shaken  with  water  and  many  of  these  emulsions  are  unstable, 
being  easily  precipitated  by  various  common  salts.  One  of  their  most 
striking  peculiarities  is  that  if  rubbed  with  water  or  shaken  with  water, 
but  not  too  long,  and  then  examined  under  the  microscope,  they  will' 
be  seen  in  isolated  shreds  or  strings.  Water  enters  the  masses  of  phos- 
pholipin,  which  do  not  usually  take  a  spherical  shape  but  often  the 
most  regular  and  striking  forms,  reminding  one  irresistibly  of  the  struc- 
ture of  cells.  Often  they  take  the  form  of  long,  fibers  with  a  hollow  core 
and  highly  refractive  walls,  looking  much  like  a  medullated  nerve  fiber 
with  the  axis  cylinder  in  the  center ;  or  they  may  take  forms  of  flasks  with 
long  perfectly  regular,  whip-like  processes  looking  like  enlarged,  ex- 
ploded nettle  cells.  These  forms  are  called  myelin  forms  because  of  the 
resemblance  they  bear  to  the  myelin  sheaths  of  nerves.  They  form  liquid 
crystals,  the  molecules  having  a  definite  orientation.  In  this  condition 
they  may  be  doubly  refracting.  Liquid  crystals  are  easily  deformed  by 
pressure  and  fuse  when  brought  into  contact.  A  mixture  of  cephalin, 
amidolipin  and  cholesterol  is  particularly  apt  to  assume  these  forms. 
Phrenosin  and  kerasin,  two  glycolipins  of  the  brain,  behave  similarly. 
The  power  of  making  these  myelin  forms  differs  in  different  phospho- 
lipins, and  it  is  possible  that  the  presence  of  certain  impurities,  such  as 
cholesterol,  or  its  esters,  may  influence  the  process.  It  is  possible  that 
cells  owe  their  hygroscopic  character,  their  clear  refractive  appearance, 
their  organization  and  power  of  taking  definite  shapes  in  part  to  this 
phospholipin  groundwork.  Indeed,  if  one  rubs  together  in  a  mortar 
some  phospholipin  containing  cholesterol,  some  white  of  egg  and  some 
olive  oil,  there  is  obtained  a  mixture  of  substances  which  mimics  exactly 
the  physical  appearance  and  many  of  the  vital  staining  reactions  of 
protoplasm. 

Auto-oxidation. — ^Another  very  important  chemical  property  of  the 
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phospholipins  is  that  they  undergo  auto-oxidation,  that  is  they  oxidize 
spontaneously  when  exposed  to  the  air.  The  fact  that  this  fundamental 
substratum  of  living  matter  has  this  power  of  taking  up  oxygen,  of  burn- 
ing itself  and,  possibly,  inducing  oxidation  in  substances  dissolved  in 
it,  although  this  possibility  has  not  yet  been  investigated,  is  of  the 
greatest  importance  for  the  theory  of  the  mechanism  of  respiration,  since 
all  protoplasm  has  also  this  power  of  reduction,  or  auto-oxidation.  This 
property  of  the  phospholipins  can  be  very  easily  observed,  as  it  is  accom- 
panied by  a  darkening  of  the  phosphatide  preparations  on  exposure  to 
air,  and  a  change  in  their  solubilities.  The  phospholipin  from  the  heart, 
euorin,  and  the  brain  cephalin  are  particularly  active  in  this  way,  but 
nearly  all  phospholipins  show  something  of  this  same  property  of  taking 
up  oxygen.  Erlandsen  observed  the  following  increase  in  weight  in  some 
euorin  left  in  a  desiccator  over  sulphuric  acid. 


Weight  of  euorin 

December  29. 

0.3705  gram. 

February  6. 

0.4039 

November  20. 

0.3949 

The  iodine  number  of  the  fresh  euorin  was  about  101,  but  after  standing 
in  the  desiccator  it  fell  to  22.33.  The  original  preparation  showed,  on 
analysis,  a  composition  of  CjiHijBNPaOgi ;  but  after  standing  these  num- 
bers changed  to  C71H125NP2O30.  At  the  same  time  the  substance  became 
insoluble  in  ether.  It  is  this  ease  of  oxidation  which  is  one  of  the  com- 
plicating circumstances  in  the  isolation  of  unchanged  euorin  and 
cephalin. 

This  power  of  auto-oxidation  is  due,  in  large  measure  at  least,  to  the 
unsaturated  fatty  acids  in  these  phospholipins.  Thus  euorin  and 
cephalin  have  acids  of  the  linolenic  acid  series  which  contain  three  pairs 
of  unsaturated  carbon  atoms,  CjaHgoOj ;  and  nearly  all  the  phospholipins 
contain  some  oleic  or  other  unsaturated  acids.  They  may  possible  eon- 
tain  also  unsaturated  groups  in  the  basic  constituents,  but  this,  while 
in  some  instances  probable,  is  not  yet  certain. 

It  is  very  suggestive  that  the  oxidized  phospholipin  has  a  much 
greater  affinity  for  water  than  the  unoxidized.  Possibly  this  process 
may  play  a  part  in  the  cell  mechanics,  since  most  movements  in  cells  are 
apparently  due  to  this  changing  affinity  for  water.  By  oxidation  the 
phospholipin  might  be  made  to  take  up  water,  by  reduction  to  lose  it. 

Other  functions  of  phospholipins.— Besides  their  fundamental  func- 
tion of  making,  with  the  sterols,  a  water-containing,  semifluid,  highly- 
reducing,  auto-oxidizable,  semilipoid  crystalline  substratum,  which  con- 
tributes to  or  makes  possible  the  vital  phenomena,  the  phospholipins  are 
also  concerned  in  some  of  the  phenomena  of  immunity.  Flexner  and 
Noguchi  observed  that  the  hemolytic  action  of  cobra  venom  toward  cer- 
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tain  red  blood  corpuscles  was  dependent  upon  the  presence  of  some  sub- 
stance in  the  serum.  Kyes  found  that  this  serum  substance  was  extract- 
able  with  cold  alcohol  and  it  proved  to  be  a  phospholipin.  He  then  showed 
that  cobra  venom  united  with  lecithin  (?)  to  form  a  substance  which  he 
called  a  locithide,  and  these  lecithides  were  extremely  hemolytic, — they 
dissolved  blood  corpuscles  with  great  power.  Lecithin  emulsions  have 
also  some  hemolytic  power  themselves.  The  phosphatides  may,  therefore, 
by  uniting  with  toxins,  or  possibly  with  the  foods,  influence  the  power 
of  the  latter  to  unite  with  and  affect  the  activity  of  protoplasm.  Either 
the  phospholipins  or  glycolipins  have  the  power  of  binding,  or  uniting 
with  tetanus  toxin.  This  function  of  the  phospholipins  is  being  inves- 
tigated at  the  present  time.  The  phospholipins  appear  to  play  an  impor- 
tant part  in  the  Wasserman  reaction  for  syphilis. 

Method  of  hydrolysis  of  the  phospholipins. — The  phospholipins  (phosphatides) 
are  generally  decomposed  by  heating  an  emulsion  with  barium  hydrate  under  a 
condenser  for  several  hours.  By  this  method,  however,  the  fatty  acids  or  soaps  are 
generally  a  deep  brown  and  contain  some  nitrogen,  a,  partial  decomposition  of  the 
base  having  occurred.  Other  methods  suggested  and  tried  have  been  by  using  a  methyl 
alcohol  solution  of  barium  hydrate;  or  by  suspending  the  phospholipin  in  water  and 
boiling  with  6%  HCl.  The  best  and  cleanest  method,  however,  for  all  alcohol 
soluble  lipins,  is  to  dissolve  or  suspend  them  in  absolute  alcohol,  to  saturate  the 
solution  with  dry  hydrochloric  acid  gas,  stopper  the  flask  and  allow  it  to  stand 
twenty-four  hours  at  room  temperature.  Then  boil  on  the  water  bath  for 
3-5  hours,  using  a  reflux  condenser.  By  this  method  the  fatty  acids  are 
esterified  with  alcohol  as  rapidly  as  they  are  set  free,  and  they  remain  in  solu- 
tion. The  mixture  is  then  evaporated  with  the  addition  of  water  on  the  water 
bath;  the  esters  are  insoluble  in  water  and  may  be  easily  separated  by  filtration. 
In  the  acid  filtrate  the  base,  often  choline,  which  is  more  stable  as  the  salt  than  the 
free  base,  may  be  separated  by  precipitation  with  platinum  chloride  leaving  the 
glycerol  and  pliosphoric  acid  in  solution. 

A  useful  method  of  determining  the  character  of  the  phospholipin  is  that  of 
Herzig  and  Meyer  as  developed  by  Foster  in  the  writer's  laboratory.  It  con- 
sists in  heating  the  phospholipin  with  hydriodic  ;icid  and  ammonium  iodide  and  col- 
lecting the  isopropyl  and  methyl  iodides  in  silver  nitrate  and  weighing  the  silver 
iodide.  The  isopropyl  iodide  comes  over  at  112-120°  and  represents  the  amount  of 
glycerol  present.  Two  methyl  groups  come  from  the  cliolirie.  and  possibly  three,  at 
240-310°,  as  methyl  iodide.  From  the  silver  iodide  collected  at  these  two  tempera- 
tures an  idea  may  be  had  of  the  amount  of  glycerol  and  choline  present,  and  the 
phospholipin  partially  identified.  Cephalin  contains  glycerol  about  10%,  but  no  base 
yielding  methyl  iodide,  i.e.,  neither  neurine  nor  choline. 

Other  phospholipins. — Among  the  other  phospholipins  a  few  may 
be  mentioned  at  this  place,  namely,  heart  lecithin,  earnaubon,  jecorin, 
glucose  lecithin,  cephalin  and  sphingomyelin.  The  last  two  are  found 
in  brain,  the  first  in  the  ox  heart,  earnaubon  in  the  kidney  and  the  other 
two  in  the  liver.  They  will  be  taken  up  more  in  detail  under  the  chemical 
composition  of  the  organs  in  which  they  occur,  and  at  this  place  we 


100  yHYSloJ.OaiCAL   tllKMlSTRY 

will  give  only  a  summary  of  their  coiupositiou  to  give  some  idea  of  the 
composition  of  the  group.  Especial  attention  is  called  to  the  fact  that 
many  of  the  members  of  the  group,  like  jecorin,  contain  a  carbohydrate 
radicle  in  the  molecule.  It  is  found  that  those  which  contain  such  a 
group  are  more  soluble  in  water  than  the  rest,  and  they  are  less  soluble 
in  ether.  Some  of  them  are  quite  insoluble  in  absolute  ether,  but  will 
dissolve  in  ether  containing  water.  They  are  also  more  hygroscopic  than 
egg  lecithin.  Their  chemical  nature  is  still  quite  obscure.  Such  carbo- 
hydrate-containing phospholipins  have  been  found  not  only  in  the  livers 
of  many  animals,  but  also  in  the  egg  cells  of  Eehinoderms,  and  they  are 
probably  widespread  in  the  animal  and  plant  kingdom.  Several  have 
been  isolated  from  plants.    Their  group  name  is  glyco-phospholipins. 

The  character  of  the  base  in  the  phospholipins  is  probably  very  vari- 
able. Amino-ethyl  alcohol,  or  hydroxyethyl  amine  was  isolated  by  Thudi- 
chum  from  cephalin,  and  it  has  since  been  found  in  many  phospholipins. 
Serine  and  oxyamino-butyric  acid  were  isolated  by  MacArthur  from 
cephalin.  Vidin,  CgHaeNaOj,  was  obtained  from  a  phospholipin  in 
Lupinus  albus.  Many  other  nitrogenous  bases  probably  occur  in  the 
different  phospholipins  and  the  investigation  of  these  bodies  is  one  of  the 
most  promising  fields  of  physiological  chemistry. 

Glycolipins. — The  glycolipins,  or  cerebrosides,  are  phosphorus-free 
lipins  which  contain  a  carbohydrate  and  fatty  acids.  Phrenosin,  kerasin 
and  cerebron  are  typical  members  of  the  group.  Phrenosin  is  a  white, 
crystalline  lipin  found  in  the  medulla  of  the  fibers  of  the  vertebrate 
nervous  system.  It  occurs  in  considerable  quantities  in  the  brain  after 
medullation  has  begun.  The  properties  of  this  substance  or  group  of 
substances  are  described  in  the  chapter  on  the  brain.  The  glycolipins  on 
hydrolysis  yield  a  sugar,  which  is  often  galactose,  various  fatty  acids 
and  a  nitrogen-containing  alcohol.  The  molecular  weight  is  undeter- 
mined. While  these  bodies  have  been  found  in  the  brain,  it  is  prob- 
able that  they  are  not  confined  to  that  tissue,  since  phospholipins 
containing  a  sugar  are  widespread.  It  is  not  impossible  that  these  may 
be  compounds  or  mixtures  of  a  glycolipin  with  a  phospholipin. 

Localization  of  the  phospholipins  in  the  cell. — The  proportion  of 
phospholipin  in  the  sperm  is  high  and  it  is  found  chiefly,  or  altogether, 
ill  the  tails.  The  nuclear  heads  appear  to  be  almost,  or  quite,  free  of 
alcohol-ether  soluble  materials.  The  heads  and  tails  of  the  herring  sperm 
were  examined,  the  heads  being  separated  by  suspension  of  the  sperm 
in  water  and  centrifugalization.  The  heads  being  heavier  are  thrown 
off  from  the  tails.  This  observation  would  indicate  that  the  nucleus  of 
the  ripe  sperm  had  little  or  no  lipin  material  in  it.  The  conclusion  that 
the  lipins  are,  for  the  most  part,  in  the  cytoplasm  is  confirmed,  also, 
by  examinatioti  of  the  red  blood  corpuscles.     Mammalian  erythrocytes 
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have  no  nuclei,  and  yet  they  contain  phospholipins  and  sterols.  The 
localization  of  the  phospholipin  in  the  cell  may  also  be  studied  by  the 
use  of  staining  reagents.  The  phospholipins  are  acids  or  salts  of  acids. 
There  is  a  free  acid  hydroxyl  in  the  phosphoric  acid,  if  the  ordinary 
formula  is  correct.  The  phospholipins  are  generally  present  in  cells  as 
salts,  a  hydrogen  being  replaced  by  sodium,  potassium,  calcium,  am- 
monium or  organic  bases.  Being  salts  they  have  the  power  of  forming 
salts  with  the  basic  dyes.  They  do  this  and  they  stain  intravitam  by 
means  of  the  basic  dyes.  If  an  emulsion  is  made  of  lecithin,  or  other 
phosphatide,  egg  albumin  and  olive  oil,  it  will  be  found  that  the  granules 
of  lecithin  or  phospholipin  take  up  neutral  red,  or  other  basic  dye, 
most  easily  and  the  granules  stain  a  deep  red.  It  does  not  do  to  conclude 
that  all  the  granules  of  cells  which  stain  red  in  neutral  red  are  phos- 
pholipin, because  other  colloids  of  an  electro-negative,  or  anionic,  char- 
acter will  stain  in  the  same  way,  but  certainly  some  of  the  fine  granules 
in  cells  look  very  much  like  lecithin ;  they  stain  in  the  same  way  and 
they  are  soluble  in  ether.  Furthermore,  the  density  of  lecithin  is  greater 
that  that  of  water,  so  that  if  cells  are  centrifugalized  we  should  expect 
these  granules  to  go  to  the  base  of  the  cell  and  the  oil  to  come  to  the  part 
of  the  cell  nearest  the  axis  of  the  centrifuge  where  the  centrifugal  force 
is  least.  It  is  found  that  these  small  granules  which  have  the  staining 
reaction  and  appearance  and  solubility  of  lecithin  also  behave  the  same 
way  in  the  centrifuge.  It  is  probable,  therefore,  that  the  phospholipin 
is  distributed  all  through  the  cytoplasm ;  and  that  in  egg  cells,  in  which 
there  is  a  storage  of  lecithin  or  other  phospholipin  as  reserve  food,  the 
lipin  occurs  also  as  granules  in  the  cytoplasm.  Many  believe  that  the 
surface  of  the  cell  has  a  character  more  particularly  lipoid  or  lipin  in 
character  than  the  interior.  They  consider  the  blood  corpuscles  to  be 
essentially  but  bags  of  lipin  and  sterol  filled  with  hemoglobin,  and  they 
attribute  the  ease  of  penetration  of  ether,  alcohol  and  other  substances 
into  cells  to  their  solubility  in  this  membrane.  In  the  author's  opinion 
there  is  no  satisfactory  evidence  as  yet  of  the  existence  of  any  such 
particularly  lipin-like  outer  membrane  and  experiments  indicate  that 
the  lipin  character  of  the  cytoplasm  extends  throughout  it.  The 
entrance  of  basic  dyes  can  as  easily  be  explained  by  their  power  of  union 
with  protein  as  by  their  power  of  union  with  phospholipin.  Kite's  work 
shows  that  the  permeability  of  the  cell  is  the  same  all  the  way  through. 
From  this  it  follows  that  if  the  entrance  of  substances  into  cells 
depends  upon  the  presence  of  lipoids  in  the  membrane,  these 
same  lipoids  must  occur  all  through  the  cell.  There  are,  also,  far  too 
large  quantities  of  lipins  in  cells  to  be  confined  to  a  surface  layer  of 
molecular  thickness.  Phospholipins  are  found,  also,  in-  many  secre- 
tions, such  as  that  of  the  stomach  glands,  milk,  pancreatic  secretion, 
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etc.  It  is  not  impossible  that  many  of  the  granules  called  zymogen 
granules  in  cells  which  stain  readily  in  neutral  red  may  owe  this  prop- 
erty to  the  fact  that  they  contain  phospholipins.  The  mito-chondria  are 
probably  in  part  phospholipin. 
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CHAPTER  IV. 

THE  PEOTEINS. 

Occurrence. — If  living  matter  of  any  kind,  whether  plant  or  animal, 
be  extracted  with  alcohol  and  ether  to  remove  the  fats  and  lipins,  the 
greater  part  of  the  organic  matter  remains  behind  as  a  white  amorphous 
mass.  If  this  mass  be  rapidly  extracted  with  water,  or  dilute  alcohol, 
various  salts  (chlorides,  phosphates,  carbonates)  and  a  small  amount  of 
organic  matter,  called  extractives,  are  removed,  together  with  a  little 
of  an  acid,  nucleic  acid.  There  remains  the  greater  part  of  the  organic 
matter  insoluble.  If  this  organic  matter  be  analyzed  it  is  found  to 
contain  nitrogen.  It  consists  in  most  instances  of  about  52  per  cent, 
of  carbon;  7  per  cent,  hydrogen;  15  per  cent,  nitrogen;  1-2  per  cent, 
of  sulphur;  0.2-3  per  cent,  of  phosphorus;  and  23  per  cent,  of  oxygen. 
This  organic,  nitrogenous,  amorphous  matter  since  it  makes  by  far  the 
greater  portion  of  the  organic  substance  of  living  matter  proper, 
exclusive  of  cell  walls,  is  called  protein,^  a  word  meaning  "  of  the  first 
importance."  Protein  substances  are  found,  like  the  fats  and  carbohy- 
drates, nowhere  else  in  nature  than  in  living  matter,  or  as  the  products 
of  the  action  of  living  matter.  In  plants  more  or  less  carbohydrate  is 
associated  with  the  protein;  but  in  animals  by  far  the  greater  part  of 
the  tissue  solids  are  generally  protein. 

The  proteins,  therefore,  very  early  attracted  the  attention  of  investi- 
gators, whether  biologists  or  chemists,  and  the  opinion  has  from  the 
nrst  been  held  that  they  must  play  a  predominant  role  in  the  production 
of  the  vital  phenomena.  Probably  the  fact  that  the  composition  of  the 
fats  and  carbohydrates  was  relatively  simple,  was  easily  understood  and 
early  made  out,  in  its  general  features  at  any  rate,  whereas  the  proteins 
were  apparently  more  complex  and  have  until  recently  kept  the  mys- 
tery of  their  composition  inviolate,  strengthened  this  view.  Some  have 
even  gone  so  far  as  to  suppose  that  the  protein  in  living  matter  is  alive 
and  endowed  with  properties  other  than  ordinary  chemical  and  physical 
properties.  Whether  the  protein,  which  we  are  able  to  separate  from 
cells  for  analysis,  has  the  same  composition  it  had  while  in  living  matter 
is  a  question  which  is  unanswerable,  as  long  as  we  know  nothing  of  its 

*  The  name  protein,  from  the  Greek  Trpormt,  pre-eminence,  was  given  by 
Mulder,  Jour.  f.  prak.  Chem.,  16,  p.  129,  1839.  The  word  proteid  has  now  beea 
dropped  and  protei"  ""'"•tituted  for  it. 
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composition  while  in  the  living  mixture.  But  while  the  statement  is 
often  categorically  made  that  the  materials  which  we  examine  chemically 
are  dead  materials,  and  therefore  incapable  of  throwing  light  on  the 
composition  of  living  matter,  it  must  be  remembered  that  it  is  the  part 
of  those  who  assert  that  they  differ  to  show  that  this  is  the  case.  And 
this  at  present  cannot  be  done.  While,  therefore,  it  is  conceivable,  and 
in  itself  not  unlikely,  that  the  protein  may.  contain,  while  it  is  in  the 
living  mixture,  unstable  groups,  i.e.,  aldehyde  or  nitrile  groups,  which  are 
made  stable  in  the  process  of  extraction,  no  one  has  as  yet  proved  this 
to  be  the  ease ;  nor,  indeed,  has  any  strong  evidence  been  produced  show- 
ing it  to  be  the  case.  While  some  speak  of  living,  as  distinct  from 
lifeless  protein,  no  one  can  as  yet  point  to  any  single  chemical  property 
found  in  living  and  not  found  in  dead. protein;  although  the  differences 
between  living  matter  and  dead  protein  are  profound.  Whatever  the 
truth  may  prove  to  be  we  must,  at  any  rate,  attack  the  dead  protein, 
that  is  protein  separated  from  non-protein  substances,  for  following  this 
path  has  already  led  to  many  brilliant. and  fortunate  discoveries.  These 
discoveries  have  revolutionized  the  science  of  nutrition  and  have  reacted 
on  all  branches  of  biological  science,  from  botany  and  anthropology  to 
the  diagnosis  and  treatment  of  disease.  Let  us  see,  therefore,  what  sub- 
stances have  been  isolated  from  this  amorphous,  colorless  mixture  of 
protein  bodies  constituting  so  essential  a  part  of  the  framework  of  living 
matter ;  and  what  properties  the  substances  so  isolated  possess. 

Methods  of  extraction. — The  separation  and  exact  analysis  of  these 
protein  bodies  is  not  yet  complete.  It  was  necessary  to  devise  methods 
for  the  separation  of  the  various  proteins,  for  in  any  one  cell  there  is  a 
mixture  of  such  bodies  j  and  the  elucidation  of  the  structure  of  the  mole- 
cules was  most  difficult,  owing  to  their  complexity  and  instability.  It 
was  found  that  the  solubilities  and  some  other  properties  of  the  proteins 
were  easily  modified  by  acids  and  alkalies,  by  heat,  by  alcohol,  by  some 
metal  salts  and  by  many  enzymes  and  oxidizing  agents.  Subjected  to 
the  action  of  any  of  these  agencies  many  proteins  change  their  nature, 
as  is  evident  from  their  change  in  solubility;  they  are  said  to  be  dena- 
turized.  Proteins  so  modified  are  called  derived  proteins.  For  the  sepa- 
ration from  the  cell  of  natural,  or  unmodified,  protein  it  was  found  nec- 
essary, in  most  instances,  to  dissolve  them  out  with  water,  with  neutral 
solutions  of  sodium  chloride,  or  the  sulphates  of  the  alkali  metals,  and 
to  avoid  alkaline  or  acid  reactions,  high  temperatures  or  alcohols. 

It  IS  very  difficult  indeed  to  get  from  living  matter  itself  individual, 
pure  proteins.  The  living  matter  is  such  a  mixture  of  different  kinds 
of  proteins  that  it  is  only  occasionally  that  a  form  of  protoplasm  is 
obtained  which  consists  largely,  or  exclusively,  of  a  single  protein.  One 
of  the  very  few  cases  in  which  probably  pure  individual  proteins  have 
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been  separated  from  a  living  animal  cell  is  the  protamine  which  may  be 
separated  from  the  head  of  the  fish  sperm.  The  spermatozoon  is  a  very 
highly  differentiated  cell,  the  head  being  composed  of  pure  nuclear  mat- 
ter of  the  simplest  kind  known.  Moreover  the  protein  in  the  head  is  of 
a  very  peculiar  kind,  being  very  strongly  basic  and  soluble  in  strong  or 
dilute  acids,  so  that  its  separation  from  other  proteins  is  not  difficult, 
and  there  is  apparently  in  some  sperm  but  one  protein  present.  Else- 
where in  the  animal  kingdom  one  can  at  times,  owing  to  the  peculiar 
nature  of  the  protein,  secure  proteins  which  are  probably  pure  substances. 
Hemoglobin,  the  red  protein  of  the  blood,  crystallizes  very  easily  in 
characteristic  crystals,  so  that  this  protein  is  probably  pure.  In  the 
egg  cells  of  selachians  crystalline  substances  exist  which  are  probably 
proteins.  In  animals  it  is  only  in  special  cells  such  as  the  cells  of  the  thy- 
roid gland  (colloid  matter)  or  the  egg  cells,  and  in  very  few  of  these,  that 
a  storage  of  a  particular  kind  of  reserve  protein  exists,  so  that  this  one 
kind  of  protein  is  in  such  excess  that  it  may  be  separated  from  the 
others.  In  general,  animals  do  not  store  proteins,  as  they  do  carbohy- 
drates and  fats,  except  in  the  form  of  living  matter.  The  condition  is 
different  in  plants  and  it  is  from  plants  that  crystalline  proteins  which 
are  probably  pure  individuals  may  be  most  easily  had  for  analysis.  In 
seeds  and  nuts  there  is  a  large  amount  of  reserve  or  stored  protein.  Many 
of  these  proteins  are  of  a  crystalline  form  in  the  seeds  or  nuts.  Moreover 
the  living  protoplasm  in  these  structures  is  reduced  to  a  minimum.  It  is 
found  chiefly  in  the  embryo,  which  in  some  cases,  as  in  wheat,  may  be 
separated  by  milling  processes  from  the  rest  of  the  grain;  and  in  any 
case,  it  is  generally  present  in  very  small  amount  compared  to  the  large 
amount  of  reserve  protein  present.  There  is  another  feature  of  these 
plant  reserve  proteins,  besides  their  presence  in  large  amounts  and  their 
ease  of  crystallization,  which  makes  them  of  particular  value  for  the 
study  of  the  nature  of  the  proteins.  They  are  very  stable  proteins  and 
do  not  easily  change  their  condition ;  or  they  do  not  change  their  condi- 
tion and  solubility  so  easily  as  the  protein  in  living  matter,  in  the 
protoplast  proper.  In  order  that  substances  may  accumulate  in  cells 
they  must  be  rather  resistant;  the  reactive  substances  are  short-lived. 
This  is  a  general  rule  for  all  the  substances  of  the  cells.  Thus  the  fat 
which  is  laid  down  as  reserve  fat  is  generally  stable  saturated  fat;  in 
the  carbohydrates  it  is  the  stable  polysaccharides  or  the  most  stable 
disaccharide,  cane  sugar,  which  accumulate  as  a  reserve.  The  same  thing 
is  true  for  the  phospholipins.  The  phospholipin  stored  as  a  reserve 
in  the  egg  cell  is  the  most  stable  form,  lecithin.  The  phospholipins 
isolated  from  active  living  matter  are  very  unstable  with  highly  unsatu- 
rated acids  in  them.  This  same  rule  is  true  for  the  proteins  and  in  seeds 
and  nuts  the  large  amount  of  reserve  protein  present  is  unusually  stable 
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and  so  best  adapted  to  withstand  the  crude  manipulation  of  the  chemist. 
The  stable  proteins  used  by  animals  for  supporting  tissues,  such  as 
horn  or  elastin,  are  extremely  insoluble.  A  very  easily  crystallizable 
substance  obtained  from  nuts  is  the  protein,  excelsin,  of  the  brazil  nut. 
This  occurs  crystalline  in  the  nut  itself.  Another  crystalline  reserve 
protein  is  edestin,  which  occurs  in  hemp  seed.  And  there  are  many 
others.  These  proteins  may  be  obtained  crystalline  by  the  simple  expedi- 
ent of  dissolving  them  out  of  the  seeds  or  nuts  with  10  per  cent,  sodium 
chloride  and  dialyzing  the  salt  out  of  the  solution.  The  protein  will 
crystallize  in  the  dialyzing  tube.  The  investigation  of  these  plant  pro- 
teins is  largely  the  work  of  the  American  chemist,  Osborne,  who  has  thus 
carried  forward  the  work  well  begun  many  years  ago  by  the  German 
investigator,  Ritthausen. 

The  separation  of  proteins  from  plant  seeds  and  nuts  is  generally 
best  made  by  extracting  the  ground  nuts,  or  seeds,  with  distilled  water, 
or  by  10  per  cent,  sodium  chloride;  or  75  per  cent,  alcohol.  A  few 
proteins  exist  in  some  plant  seeds  which  are  insoluble  either  in  water 
or  absolute  alcohol,  but  which  are  soluble  in  dilute  alcohol.  Gliadin  of 
wheat  and  zein  of  corn  are  examples  of  such  proteins.  The  separation 
of  the  mixture  of  the  proteins  obtained  by  extraction  with  salt  solution 
is  best  made  either  by  dialysis,  which  will  precipitate  some  of  them  and 
dialyze  away  impurities;  or  by  precipitating  them  by  saturating  their 
solutions  with  ammonium  sulphate  which  precipitates  all  the  proteins. 
The  redissolved  precipitate  may  be  separated  by  fractional  precipitation 
with  ammonium  sulphate,  the  globulins,  being  less  soluble  than  the  albu- 
mins in  ammonium  sulphate,  are  precipitated  by  half  saturation.  Since 
acids  change  the  plant  proteins  very  easily,  both  by  their  own  action 
and  by  their  power  of  setting  free  digestive  enzymes  which  are  present 
in  all  forms  of  living  matter,  it  is  often  wise  to  add  just  enough  dilute 
barium  hydrate  to  keep  the  reaction  neutral  to  phenolphthalein  during 
the  extraction. 

While  many  of  the  proteins  are  thus  extracted  with  neutral  salt  solu- 
tions or  water,  there  generally  remains  a  residue  which  can  only  be  dis- 
solved by  the  use  of  alkali,  which  may  and  probably  does  alter  the  com- 
position of  the  protein.  In  the  cereals,  for  example,  water  or  neutral  salt 
solution  dissolves  very  little  of  the  protein. 

The  extraction  of  the  proteins  from  animal  tissues  is  a  very  much 
more  difficult  matter  than  from  vegetable.  In  the  first  place  the  animal 
cells  have  more  reactive  protein  in  them  and  generally  there  are  present 
powerful  digestive  enzymes,  the  so-called  autolytic  enzymes,  which  are 
apt  in  a  prolonged  extraction  to  change,  more  or  less,  the  protein  of 
the  cell.  These  enzymes  are  easily  checked  by  the  maintenance  of  a 
neutral  or  faintly  alkaline  reaction.    Extraction  always  removes,  also, 
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some  of  the  phospholipins  with  the  proteins  and  the  separation  of  these 
from  the  proteins  without,  coagulation  of  the  latter  is  very  difficult,  and 
it  is  doubtful  if  it  is  often  possible.  The  methods  of  extraction  employed 
differ  so  widely  in  different  tissues  that  it  is  hard  to  make  any  general 
statements.  It  is  sometimes  advisable  to  extract  the  ground  or  finely-cut 
tissue  directly  with  10  per  cent,  sodium  chloride  solution  so  as  to  bring 
everything  possible  into  solution ;  and  sometimes  it  is  better  to  dry  the 
tissue  and  after  removing  the  lipin  by  some  method  which  does  not 
coagulate  the  protein,  to  extract  then  with  salt  solution  and  fraction 
the  extract.  In  a  few  eases  the  proteins  can  only  be  separated  by  the 
use  of  alkali,  as  in  the  nucleb-proteins ;  and  in  other  cases,  when  strongly 
basic  proteins  are  present,  acids  must  be  used  (protamines  and 
histones). 

Probably  the  best  general  method  for  obtaining  proteins  in  a  least 
modified  form  from  animal  tissues  is  the  following :  The  organ  or  tissue, 
of  which  it  is  desired  to  examine  the  proteins,  is  frozen  while  still  living. 
It  can  be  frozen  either  by  liquid  carbon  dioxide  or  liquid  air  or  by  any 
other  method  which  chills  it  at  once  to  a  very  low  temperature  so  that 
all  cheniical  change  is  at  once  inhibited  and  the  development  of  an  acid 
reaction  prevented.  It  is  then  quickly  shaved  into  a  snow  in  a  Kossel 
knife  machine,  which  is  a  large  microtome,  the  snow  being  kept  below 
the  freezing  point.  The  cooled  snowy  mass  of  the  organ  is  placed  in 
vacuum  desiccators  over  some  good  drying  agent.  Aluminum  oxide  is 
one  of  the  best,  but  any  other  non-volatile,  water-absorbing  medium  may 
be  used ;  and  the  desiccator  is  evacuated  to  a  very  high  vacuum,  .Ol-.OOl 
mm.  of  Hg.,  by  a  good  air  pump.  In  the  vacuum  all  conduction  of  heat 
is  prevented  and  the  organ  dries  while  still  frozen.  When  thoroughly 
dry  the  ground  mass  is  fairly  stable.  It  may  now  be  extracted  by  a  good, 
dry  petroleum  ether.  It  is  better  to  use  petroleum  ether  rather  than 
ether  for  this  purpose,  since  this  consists  chiefly  of  the  light,  saturated 
hydrocarbons  like  pentane  and  these  are  less  reactive  than  ether  and  the 
chlorine  substitution  products  of  the  hydrocarbons  such  as  chloroform, 
which  are  apt  to  contain  impurities  and  reactive  decomposition  products. 
By  this  extraction  nearly  all  the  phospholipins,  cholesterol  and  fat  are 
taken  out.  The  last  portions  of  phosphatides  can  be  removed  only  by 
repeated  boilings  with  absolute  alcohol,  a  process  which  coagulates  the 
protein  and  hence  cannot  be  used  if  it  is  desired  to  keep  the  proteins 
soluble.  After  the  extraction  with  petroleum  ether  the  protein  residue 
is  dried  at  room  temperature  and  then  finally  ground  in  a  good  mill. 
It  is  best  now  to  sieve  it  through  a  fine  wire  sieve  to  remove  fibers 
of  connective  tissue,  blood  vessels,  etc.,  if  an  animal  organ  has  been 
used.  By  this  sifting  process  the  sample  is  made  as  homogeneous  as 
possible.. 
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The  further  treatment  of  the  sample  will  depend  on  what  substances 
are  desired.  One  method,  however,  is  to  extract  those  proteins  which 
are  soluble  iii  dilute,  10  per  cent,  sodium  chloride.  A  considerable  part 
of  the  proteins  of  many  organs  goes  into  solution  by  this  process,  but  gen- 
erally much  remains  undissolved.  This  mixture  may  be  separated  into 
several  fractions,  for  example,  by  half  saturating  it  with  ammonium 
sulphate,  or  by  saturating  it  with  magnesium  sulphate,  a  portion  of  the 
proteins  known  as  globulins  are  thrown  out  and  may  be  removed  by  fil- 
tration, redissolved  in  weak  salt  solution  and  reprecipitated.  In  some 
such  way  as  this,  the  exact  method  which  it  is  best  to  foUo^  varying 
with  the  different  organs,  the  various  proteins  making  up  the  protein 
residue  of  cells  may  be  examined.  It  may  be  said  that  in  all  cells  thus 
far  examined,  a  number  of  different  bodies  may  thus  be  isolated  from 
each  kind  of  living  matter  and  the  character  of  the  proteins  thus  iso- 
lated is  peculiar  to  the  kind  of  cells  from  which  they  are  obtained. 
Thus  one  finds  different  proteins  in  the  liver  and  spleen,  or  in  the 
livers  of  different  species  of  animals.  The  protein  mass  of  any  one 
cell  is,  therefore,  made  up  of  a  group  of  bodies,  which  may  be  sepa- 
rated one  from  another  by  their  solubilities  in  water,  salt  or  dilute 
alcohol. 

Composition. — If  a  little  of  this  protein  mass  after  extraction  with 
alcohol  and  ether  be  mixed  with  soda  lime  in  a  dry  test-tube  and  heated, 
it  will  be  found  to  yield  ammonia,  which  we  may  detect  by  its  odor.  By 
this  reaction  it  is  found  that  the  proteins  contain  nitrogen.  If  some  be 
heated  by  itself  it  chars  to  a  black  mass,  showing  that  it  contains  carbon 
ajid  is  oi-'gauic.  If  the  combustion  is  carried  out  in  a  dry  tube,  moisture 
will  condense  on  the  walls  of  the  test-tube,  showing  that  the  protein 
contains  hydrogen;  if  some  of  the  mass  is  fused  with  sodium  carbonate 
or  hydrate,  or  even  suspended  in  dilute  sodium  hydrate  and  thoroughly 
boiled,  and  to  the  solution  lead  acetate  is  added,  it  will  bo  found  that  a 
black  precipitate  of  lead  sulphide  will  be  formed,  proving  that  the  pro- 
teins contain  unoxidized  sulphur;  and,  finally,  if  another  portion  be 
fused  with  sodium  carbonate  and  potassium  nitrate,  the  fusion  mass 
dissolved  in  nitric  acid,  and  ammonium  molybdate  added  and  warmed, 
a  yellow  precipitate  of  phosphoraolybdic  acid  proves  the  presence  of 
phosphorus. 

A  quantitative  estimation  of  the  amounts  of  the  elements  in  different 
proteins  has  shown  some  variation,  but  the  typical  protein  substances 
contain,  of  carbon  about  50  per  cent. ;  nitrogen,  16  per  cent. ;  hydrogen, 
7  per  cent. ;  oxygen,  22  per  cent. ;  sulphur,  0-3  per  cent. ;  phosphorus, 
0-4  per  cent. 
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Composition  ov  Vaeious  Plant  and  Animal  Pboteins. 

0  H  K          S         0 

Amandin,    almond    5L30  6.90  18.90  0.43  22.47 

Gorylin,    hazel-nut    50.72  6.86  19.03  0.83  22.56 

Exoelsin,    Brazil-nut    52.23  6.95  18.26  1.09  21.47 

Edestin,  hemp-seed   51.36  7.01  18.65  0.88  22.10 

"Giobulin,    eotton-seed     51.71  6.86  18.30  0.62  22.51 

Vignin,   cow-pea    52.64  6.95  17.25  0.42  22.74 

Glyeinin,   soy-bean    52.01  6.89  17.47  0.71  22.92 

■Legumin,  lentil,  vetch   51.72  6.95  18.04  0.39  22.90 

Phaseolin,    kidney-bean     52.57  6.97  15.84  0.33  24.29 

Conglutin,   blue  lupine    51.13  6.86  18.11  0.32  23.10 

Vicilin,    lentil 52,29  7.03  17.11  0.17  23.40 

Legumelin,   lentil    53.31  6.71  16.08  0.97  22.93 

Gliadin,    Wheat,    rye    52.72  6.86  17.66  1.03  21.73 

Glutenin;    wheat    52..34  6.83  17.49  1.08  22.26 

Globulin,   wheat    51.03  6.85  18.30  0.69  23.13 

Jlordein,    barley    54.29  6.80  17.20  0.85  20.86 

Animal  proteins: 

Collagen 50.75  6.47  17.86                               Hofifmeister 

Gelatin     (commercial)     49.38  6.80  17.97  0.7  25.13        Chittenden 

Gelatin,   ligaments    50.49  6.71  17.90  0.57  24.33       Richards  and  Gies 

Elastin,  yellow  elastic   53.95  7.03  16.67  0.38  21.97       Schwarz 

Mucin,   submaxillary    48.84  ,6.80  12.32  0.84  31.20       Hammarsten 

Mucoid,  tendon    48.76  6.53  11.75  2.33  30.63       Hammarsten 

Serum  globulin    52.71  7.01  15.85  1.11  23.32       Clilttenden  and  Gies 

Serum  albumin    53.08  7.10  15.93  1.90  21.96       Michel 

Fibrin     52.68  6.83  16.91  1.10  22.48       Hammarsten 

Hemoglobin,  ox   54.66  7.25  17.70  0.45  19.54       Fe  =  0.4  Hufner 

Casein,   cow    53.00  7.00  15.70  0.8  22.65       P  =  0.85 

.Nucleo-histone,  thymus    43.69  5.60  16.87  0.47                    P  =  5.23 

ffucleo- protamine,  herring 41.20  5.75  21.06  0.00  25.90       P  =  6.07 

'Clupein,  herring   47.93  7.59  31.68  0.00  12.78 

TH.^  composition  of  the  plant  proteins  of  this  table  have  been  taken  from 
Os.borne's  work  on  the  plant  proteins. 

,    Properties. — A  further  study  of  these  substances  shows  that  they 
jfpirm  colloidal  solutions.    If  they  are  dissolved  in  water  or  dilute  salt 
gql^tion  and  the  solution  is  placed  in  a  bag  of  parchment  paper  and  the 
i,|)ag,  is  placed  in  the  solvent,  the  proteins  do  not  pass  outside  the  bag. 
They  cannot  pass  through  parchment,  or  collodion,  or  animal  membranes 
by  diffusion.     Dissolved  substances  which  do  not  pass  through  mem- 
'branes  of  this  kind  were  called  by  the  English  physicist,  Graham,  col- 
loids, or  glue-like  bodies,  because  glue,  which  is  also  a  protein,  cannot 
'diffuse.    Most  proteins,  therefore,  are  colloids  and  we  may  infer  from 
the  fact  that  they  are  colloids  and  so  non-diffusible  that  their  molecules 
in   aqueous  solvents  are  large.     Another  property  they  possess,   also 
indicating  a  large  molecular  size  wheii  in  solution  at  any  rate,  is  the 
opalescence  of  many  of  their  solutions.    Moreover  they  are  generally 
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amorphous,  although  a  few,  like  hemoglobin,  crystallize  easily  and  others 
can  be  made  to  crystallize  with  some  dilficulty. 

Another  property  of  nearly  all  proteins  is  that  when  they  are  treated 
with  a  mixture  of  the  digestive  juices  of  the  intestine  and  pancreas  of 
mammals,  or  when  they  are  heated  for  some  time  with  acids,  they  are 
decomposed  into  a  mixture  of  substances  called  amino-acids  which  crys- 
tallize. In  other  words  proteins  are  digestible  by  certain  enzymes  and  on 
digestion  yield  amino-acids. 

They  have  besides  certain  powers  of  developing  colored  products 
when  treated  with  various  reagents,  which  are  discussed  farther  on; 
and  they  may  be  precipitated  by  the  salts  of  heavy  metals  and  they 
form  insoluble  compounds  with  many  acids  such  as  tannic  or  picric  or 
phosphotungstic.  These  reactions  are  used  for  their  easy  detection,  or 
even  their  quantitative  determination.  And,  finally,  they  will  neutralize 
in  a  marked  degree  the  causticity  of  acids,  and  to  some  extent  that, of 
alkalies,  showing,  in  this  way,  that  they  are  amphoteric  bodies,  being 
both  bases  and  acids.  These  various  properties .  served  to  define  the 
proteins  long  before  we  had  any  definite  information  of  their  chemical 
composition,  and  we  may  recapitulate  them  here  as  a  definition  of  the 
proteins : 

Definition. — The  proteins  are  organic  substances  found  in  nature 
in  living  matter,  or  associated  with  it,  and  always  produced  by  it.  They 
consist  of  carbon,  hydrogen,  nitrogen,  oxygen,  generally,  but  not  always^ 
some  sulphur  and  sometimes  they  contain  phosphorus.  The  proportion? 
of  these  constituents  are  approximately:  C,  50  per  cent.;  H,  7, per  cent,; 
N,  16  per  cent. ;  0,  25  per  cent. ;  P,  0-3  per  cent. ;  S,  0-3  per  cent.  Their 
molecules  are  large,  at  least  in  aqueous  solution,  so  that  they  are  colloidal 
and  do  not  pass  through  parchment  paper;  they  give  certain  color  and 
precipitation  reactions,  being  precipitated  by  alkaloidal  precipitating 
agents;  chemically  they  are  both  bases  and  acids  uniting  with  .acids 
to  diminish  their  acidity,  and  with  bases  to  diminish  their  causticity^ 
they  are  digestible  by  various  enzymes  and  are  broken  up  by  acids  when 
in  solution  and  yield,  when  thus  digested  or  decomposed,  a  mixture  of 
crystalline,  simple  substances  known  as  amino-acids  and  most,  if  not  all, 
pi  these  are  a-amino  acids. 

All  of  these  properties  of  the  proteins  are  explained,  or  accounted 
for,  by  the  hypothesis  that  the  protein  molecule  is  composed  of  a  series 
of  amino-acids  united  through  their  carboxyl  and  amino  groups.  This 
hypothesis  was  first  well  grounded  by  Kossel  by  his  analytical  studies 
of  the  simplest  proteins,  the  protamines ;  and  confirmed  by  Curtius  and 
Emil  Fischer,  who  synthesized  bodies  having  these  same,  properties  by 
the  condensation  of  amino-acids  in  the  manner  supposed  by  the  hypothe- 
sis of  Kossel.  .  : 
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Classification. — By  the  means  which  have  just  been  discussed  a  great 
variety  of  protein  substances,  all  having  certain  properties  in  common 
in  virtue  of  which  they  have  been  called  proteins,  have  been  isolated 
from  living  cells,  tissues  and  secretions,  and  separated  one  from  another 
by  their  solubilities  and  chemical  properties.  While  the  chemical  com- 
position of  none  of  these  substances  is  as  yet  accurately  known,  it  has 
been  found  necessary  and  convenient  to  divide  them  into  classes,  the  basis 
of  classification  being  chemical  so  far  as  possible,  and  where  a  chemical 
classification  is  not  possible,  solubility  has  been  made  the  basis.  Two 
such  classifications  have  been  proposed,  one  by  the  English  Society  of 
Physiologists,  the  other  by  the  American  Society  of  Biochemists.  The 
two  classifications  are  similar  in  their  principal  features. 

American  classification. — Proteins  are  defined  as  nitrogenous,  or- 
ganic substances  consisting  wholly,  or  in  part,  of  amitio-acids  united  by 
their  carboxyl  and  amino  groups.  They  are  divided  into  three  main 
classes : 

1.  Simple  proteins. 

2.  Compound  or  conjugate  proteins. 

3.  Derived  proteins. 

The  first  two  classes  are  natural  proteins ;  the  last  includes  the  artificial 
and  proteins  modified  by  reagents. 

I.  THE  SIMPLE  PROTEINS.— These  are  naturally  occurring 
proteins  which  on  being  treated  with  enzymes  or  acids  break  up  only 
into  ff-amino  acids  or  their  derivatives.  They  differ  from  the  conjugate 
proteins  in  that  the  latter  break  up  not  only  into  amino-acids,  but  also 
into  other  non-protein  substances.  The  simple  proteins  are  separated 
into  the  following  groups  by  their  solubilities  and  other  properties : 
X  A.  Albumins.  Simple  proteins,  coagulable  by  heat,  soluble  in 
water  and  dilute  salt  solutions.  Ovalbumin,  serum  albumin. 
p{  B.  Globulins.  Simple  proteins,  heat  coagulable,  insoluble  in  water, 
but  soluble  in  dilute  solution  of  salts  of  strong  bases  and  acids.  Serum 
globulin,  edestin. 

C.  Glutelins.  Simple  proteins,  heat  coagulable,  insoluble  in  water 
or  dilute  salt,  but  soluble  in  very  dilute  acids  or  alkalis.    Glutenin. 

D.  Prolamines.  Simple  proteins,  insoluble  in  water,  soluble  in  80 
per  cent,  alcohol.    Gliadin,  hordein,  zein.    Found  in  grains. 

E.  Albuminoids.  Simple  proteins,  insoluble  in  dilute  acid,  alkali, 
water  or  salt  solutions.    Elastin,  keratin,  collagen. 

F.  Histones.  Simple  proteins,  not  coagulable  by  heat,  soluble  in 
water  and  in  dilute  acid;  strongly  basic,  and  insoluble  in  ammonia. 
Ilistone  from  birds'  corpuscles  and  thymus. 

6.  Protamines.  Simple  proteins,  strongly  basic,  non-coagulable  by 
heat,  soluble  in  ammonia,  and  yielding  large  amounts  of  diamino-acids 
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on  decomposition.    Sturin,  salmin,  clupein,  etc.    Found  in  ripe  sperm 
of  fishes. 

II.  CONJUGATED  PROTEINS.— These  are  compounds  of  sim- 
ple proteins  with  some  other  non-protein  group.  The  other  group  is 
generally  acid  in  nature.    They  are  subdivided  into  the  following  classes : 

A.  CKromoproteins.'  The  prosthetic  group  (Gr.  prosthesos,  addi- 
tional) is  colored.  It  may  be  hematin  as  in  hemoglobin,  or  the  colored 
radicles  of  phycoerythrin  or  phyeocyan.  Hemoglobin,  Jiemocyanin, 
phycoerytTirin,  pJiycocyan. 

B.  Glyco-  or  glucoproteins.  The  prosthetic  group  contains  a  car- 
bohydrate radicle.  In  mucin  and  cartilage  it  may  be  chondroitic  acid. 
Mucin,  ichthulin,  mucoids. 

C.  Phosphoproteins.  Proteins  of  the  cytoplasm.  The  prosthetic 
group  is  not  known,  but  it  contains  phosphoric  acid,  but  not  nucleic  acid 
or  a  phospholipin.    Casein,  vitellin. 

D.  Nucleoproteins.  Proteins  of  the  nucleus.  The  chromatin.  The 
prosthetic  group  is  nucleic  acid.    Nuclein,  nucleohistone. 

E.  Lecithoproteins.  Found  in  the  cytoplasm  and  limiting  mem- 
brane. Prosthetic  group  is  lecithin  or  a  phospholipin.  No  lecithoprotein 
has  as  yet  been  isolated.    They  probably  exist. 

F.  Lipoproteins.^  Existence  is  still  doubtful.  The  prosthetic 
group  is  a  higher  fatty  acid. 

III.  DERIVED  PROTEINS.— This  group  is  an  artificial  one,  but 
it  includes  all  the  various  decomposition  products  of  the  naturally  occur- 
ring proteins  which  are  produced  by  the  action  of  reagents,  or  enzymes, 
or  physical  agents  such  as  heat;  and  also  artificially  synthesized  pro- 
teins. It  is  divided  into  various  groups  by  solubility  and  also  somewhat 
according  to  the  degree  of  decomposition. 

A.  PKIMARY  PROTEIN  DERIVATIVES. 

^  a.     Proteans.    Derived  proteins.    The  first  products  of  the  action  of 
acids,  enzymes  or  water.    Insoluble  in  water.    Edestan,  myosan. 

b.  Metaproteins.  The  further  action  of  acids  and  alkalies  produces 
metaproteihs.  These  are  soluble  in  weak  acids  or  alkalies  but  insoluble 
in  neutral  solutions.    Acid  albumin  (acid  metaprotein) ;  alkali  albumin. 

c.  Coagulated  proteins.  Insoluble  protein  products  produced  by 
the  action  of  heat  or  alcohol. 

B.  SECONDARY  PROTEIN  DERIVATIVES. 

X  a.    Proteoses.     Hydrolytic  decomposition  products  of  proteins.    Sol- 

*  The  subdivision  here  called  chromoproteins  is  called  "  Hemoglobins "  in  the 
usual  American  classification.  The  word  Chromoprotein  has  so  many  points  of 
superiority  over  that  recommended  by  the  Society  that  it  has  been  adopted  here.  It 
was  adopted  by  the  English  classification. 

'  Artificial  lipoproteins  are  easily  made.  This  subdivision  has  been  added  by  the 
author  to  the  classification  adopted  by  the  Society. 
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uble;  iii  water,  not  coagulable  by  heat,  precipitated  by  saturating  their 
solutions  with  ammonium  sulphate. 
/  b.  Peptones.  Hydrolytic  decomposition  products  of  proteins ;  solu- 
ble ^in  water,  not  coagulable  by  heat,  not  precipitated  by  saturation  with 
ammonium  sulphate ;  generally  diffusible  and  giving  the  biuret  reaction. 
X  c.  Peptides.  These  are  polymers  of  amino-acids  of  which  the  com- 
position is  known.  Many  are  synthetic.  The  amino-acids  are  united 
through  the  amino  and  carboxyl  groups.  They  may  or  may  not  give 
the  biuret  reaction.  They  are  not  heat  coagulable.  They  are  called 
di-,  tri-,  tetra-,  penta-peptides,  etc.,  according  as  they  contain  two  or  sev- 
eral amino-acids  in  the  molecule. 
ENGLISH  CLASSIFICATION. 


SIMPLE  PROTEINS. 

1. 

Protamines. 

2. 

Histones. 

3. 

Globulins. 

4. 

Albumins. 

5. 

Glutelins. 

6. 

Gliadins.     ( Prolamins. ) 

(Soluble  in  80  per  cent,  alcohol; 
insoluble  in  water.) 

7.  Sclero-proteins.       (Forming    the    skeletal    structure    of 

animals.) 

8.  Phosphoproteins.    Caseinogen. 
XL     CONJUGATED  PROTEINS. 

1.  Chromoproteins. 

2.  Nucleoproteins. 
'             '3.     Glucoproteins. 

III.     HYDROLYZED  PROTEINS. 

1.  Metaproteins. 

2.  Albumoses  or  Proteoses. 

3.  Peptones. 

4.  Polypeptides,  k/ 

The  definitions  adopted  of  these  groups  are  essentially  those  already 
given  in  the  American  classification.  It  will  be  noticed  that  the  English 
'classification  places  the  phosphoproteins  among  the  simple  proteins. 

Decomposition  products  of  the  proteins. — Before  we  take  up  more  in 
detail  the  peculiar  characters  of  the  different  proteins  included  in  the 
protein  mass  from  cells,  we  may  consider,  first,  those  properties  which 
all  such  masses  show,  whatever  their  origin,  since  these  are  the  funda- 
mental or  peculiar  properties  common  to  the  proteins  as  a  class,  and  they 
were  observed  before  the  composition  of  the  proteins  was  known,  or 
the  reactions  explainable.  The  first  of  these  properties,  namely  the 
chemical  composition,  has  already  been  referred  to.    The  elements  com- 
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posing  them  are  among  the  most  abundant  on  the  earth.  Besides  their 
elementary  composition,  all  such  protein  masses  show  certain  color  reac- 
tions which  are  convenient  for  their  identification;  and  they  all  yield 
certain  crystalline  amino-acids  when  cooked  with  acid.  We  may  begin 
with  a  study  of  these  decomposition  products,  since  the  way  followed  to 
get  an  insight  into  the  composition  of  such  a  large  molecule  as  that  of 
protein  is  to  break  it  into  smaller  pieces  in  various  ways  and  from 
the  character  of  these  pieces,  which  are  sufficiently  small  to  permit  the 
determination  of  their  composition,  to  imagine  how  they  are  united  in 
the  larger  molecule;  we  then  put  this  imagination  to  the  test,  as  to  its 
validity,  by  artificially  uniting  the  pieces  in  the  way  they  are  supposed 
to  occur  and  see  if  the  artificial  product  thus  obtained  corresponds,  in 
its  properties,  with  the  natural  product  whose  composition,  was  sought. 
If  it  does  correspond  the  structure  of  the  molecule  is  considered  solved. 

The  main  difficulty,  or  one  difficulty,  in  such  studies  on  chemical 
structure,  comes  from  the  possibility  that  the  substances  isolated  in  the 
decoinposition  may  not  have  been  preformed  in  the  molecule,  but  may 
have  arisen  secondarily  during  the  reaction;  but  this  difficulty  can  be 
avoided,  in  part  at  least,  by  breaking  up  the  molecule  in  a  variety -of 
ways;  if  the  products  are  the  same  whatever  method  is  used,  it  may  b© 
confidently  believed  the  fragments  actually  pre-existed  in  the  mole- 
cule. In  the  case  of  the  proteins  the  problem  was  in  this  particular 
unusually  simple.  The  proteins  may  be  broken  up  in  a  variety  of  ways, 
but  they  always  yield  the  same  end  products,  from  which  it  is  certain 
that  these  fragments  pre-exist,  or  at  least  the  greater  part  of  them,  in  the 
protein  molecule.  The  proteins  may  be  broken  up  by  heating  them  for 
several  hours  at  a  boiling  temperature  with  10  per  cent,  sulphuric  acid* 
or  30  per  cent,  hydrochloric  acid ;  or  by  the  action  of  superheated  steam 
acting  for  many  days;  or  by  the  action  of  barium  hydrate  either  cold 
or  heated ;  or  they  may  be  decomposed  at  ordinary  temperatures  in  a  solu- 
tion of  nearly  neutral  reaction  by  digestive  enzymes  isolated  from  animal 
or  plant  tissues.  The  result  is  always,  in  its  main  features,  the  same. 
If  treated  in  any  of  these  ways  the  colloidal  character  of  the  protein 
disappears  and  it  is  converted  into  a  mass  of  simple  substances,  which 
are  crystallizable  and  which  can  be  separated  from  each  other.  These 
substances  are  amino-acids.  From  these  experiments  the  conclusion  was 
drawn  that  the  amino-acids  must  pre-exist  in  the  molecule,  since  it  is 
very  unlikely  that  in  these  various  conditions  of  acidity  and  temperature 
always  the  same  products  would  be  formed  did  they  not  pre-exist. 
Furthermore,  by  oxidation  of  the  protein  by  permanganate,  or  other 
oxidizing  agents,  oxidized  products  of  the  amino-acids  may  be  had.  The 
conclusion  that  the  amino-acids  are  preformed  in  the  molecule  is  also 
strengthened  by  the  character  of  the  decomposition  which  has  taken 
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place.  It  is  found  that  the  total  weight  of  the  amino-aeids  from  a  given 
weight  of  protein  is  greater  than  that  of  the  protein  from  wiiieh.  they 
are  derived;  the  proportion  of  carbon  and  nitrogen  in  the  decomposed 
mass  is  less;  and  that  of  hydrogen  and  oxygen  is  more.  This  shows 
that  in  the  process  of  decomposition  the  elements  of  oxygen  and  hydrogen 
have  been  added ;  and  further  study  shows  that  water  has  been  taken 
up  and  combined  in  the  process  of  decomposition,  and  that  water  alone 
will  bring  the  decomposition  to  pass.  From  this  it  is  clear  that  all  these 
decompositions  produced  by  acids,  alkalies  or  enzymes  are  in  reality 
produced  by  water,  they  are  hence  called  hydrolyses  (Gr.  Hydor,  water; 
lysis,  to  loosen)  or  hydrolytic  decompositions.  Since  this  is  a  mild  pro- 
cess, no  great  energy  transformations  accompanying  the  decomposition, 
it  is  an  additional  evidence  that  the  amino-acids  pre-exist  in  the  protein 
molecule  and  that  they  are  separated  from  each  other  by  the  entrance  of 
water. 

The  amino-acids  which  have  been  identified  are  nearly  all  a- -amino 
acids,  but  it  is  not  impossible  that  others  than  a  acids  may  still  be  found. 
An  a  -amino  acid  is  an  organic  acid  in  which  one  hydrogen  of  the  a 
carbon  atom,  that  is  the  carbon  atom  just  behind  the  earboxyl,  is  substi- 
tuted by  an  amino  group.    An  amino  group  is  NHj. 

The  following  amino-acids  have  been  isolated  from  the  cleavage  of 
simple  proteins:  glycocoll,  alanine,  valine,  caprine,  or  glycoleucine,  leu- 
cine, iso-leucine,  aspartic  acid,  glutamic  acid,  tyrosine,  phenyl  alanine, 
tryptophane,  histidine,  arginine,  lysine,  proline,  cystine,  oxyproline, 
diamino-acetic  acid,  dioxy-diaminosuberic  acid,  CgHioNjOe,  diamino- 
trioxydodecanoic  acid,  CijlLeNjO,,,  and  ff-amino- /J -hydroxy  glutarie 
acid,  C5H9NO5.  The  last  three  were  found  in  caseine.  The  composition 
of  these  acids  is  shown  in  the  following  structural  formulas.  A 
/S-alanine,  that  is  /S-amino-propionic  acid  has  been  isolated  from 
camosine,  a  di-peptide  fouiid  in  muscle. 

Structure  of  amino-acids  isolated  from  simple  proteins. 

I.    Aliphatic,  mono-amino,  mono-carboxylic  acids. 
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II.     Mono-ammo,  di-carboxylic  acids.       III.    Iso-cycUc  amino  acids. 
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Fia.  11. — Crystals  of  cystine. 


Fio.  12. — Crystals  of  tyras'fie, 
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IV.    Metero-cyclic  amino-acids. 
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V.    Diamino-mono  carhoxylic  acids. 
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Important  properties  of  the  amino-acids. — 1.  Solubility.  Com- 
pounds with  acids  and  hoses.  The  amino-aeids  are  nearly  all  readily 
soluble  in  water,  but  tyrosine  is  sparingly  soluble  in  cold,  but  more 
soluble  in  hot  water,  while  cystine  is  soluble  with  difficulty  in  both  hot 
and  cold  water.  Cysteine,  on  the  other  hand,  is  very  soluble.  They  are 
all  readily  soluble  in  dilute  acids  and  alkalies  except  cystine,  which  does 
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not  dissolve  easily  in  dilute  ammonia.  Leucine,  while  it  is  quite  solublo 
in  cold  water,  redissolves  very  slowly.  The  amino-acids  are  insoluble  in 
ether.  The  reaction  of  all  the  mono-carboxylic-mono-amino  acids  is 
amphoteric  to  litmus ;  the  diamino  acids  and  histidine  and  arginine  react 


Fig.  13. — Crystals  of  hisLidiue  (Jicbloiide  (Schreiner  and  Shorey), 


alkaline  in  solution  and  absorb  CO2  from  the  air;  whereas  the  mono- 
amino,  dicarboxylic  acids  (aspartic,  glutamic)  are  acid  in  reaction.  Pos- 
sessing both  carboxyl  and  amino  groups,  they  unite  both  with  acids  and 
bases  and  behave  thus  both  as  bases  and  acids.  They  form  two  series 
of  salts.  As  bases  they  react' like  substituted  ammonias  to  form  hydro- 
chlorides with  hydrochloric  acid.  The  salts  thus  formed  ionize  into  the 
amino-acid  as  the  cation  and  chlorine  as  the  anion.  As  acids  they 
unite  with  bases,  such  as  sodium  hydrate,  to  form  the  sodium  sa,lt  of  the 
amino-acid,  which  on  ionizing  yields  sodium  as  the  cation  and  the 
amino-acid  as  the  anion.    These  reactions  may  be  written  as  follows : 


H 
H— 0— H 
H— C— NHj,    +    HCI 

a=e— OH 
Alanine. 


H 
H— C— H  /H 


—     H— C— N— H 

0=0— OH 
Alanine  hydrochloride. 


H 

I 
H— C— H/H 

H— C— N— H     +     ci 

0  =  0— OH 


Alanine 
cation. 


Chlorine 
anion. 


The  positive  charge,  it  will  be  noticed,  is  on  the  nitrogen  atom  of  the 
amino  group. 
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With  bases  the  reaction  is  as  follows : 


H                                             H                                               H 

H~C— H  '^                           H— C— H                                  H— 0— H 

1                                                1                                                  1 
H— C— NHjj  +  NaOH ►    H— C— NH^  +  H^O     ^ H— C— NH^ 

0=C— 0— H                           0=C^0— Na                           0=0— 0~ 

+ 
+    Na 

Alanine.                               Sodium  alanate.                      Alanine 

anion. 

Sodium 
cation. 

The  negative  charge  is  on  the  oxygen  atom  when  the  amino-acid  is  present 
as  an  anion. 

As  they  are  both  weak  acids  and  weak  bases,  both  of  their  salts 
undergo  hydrolytic  dissociation,  so  that  the  sodium  salts  are  alkaline 
in  reaction,  due  to  sodium  hydrate;  and  the  hydrochlorides  are  acid, 
there  being  always  present  some  free  hydrochloric  acid. 


C— OH  +  H  o       -^z::l 


H    O 

CH— C— I 

■/      I 

NH  HCl 

2 

Alanine  hydrochloride. 
H     0 

CH  —c— C— 0— Na  +  H  0 

S  '         2 

NH 

2 

Sodium  alanate. 


H   O 
CH  — O— C— OH  +  HCl 


NH 


HO 

2      2 

Alanine  free  base. 
H    O 


^   chJJ 


C— O— H  +  NaOH 


NH 

2 

Alanine. 


This  property  of  the  amino-acids  of  uniting  both  with  bases  and  acids 
is  of  very  great  importance  in  determining  the  behavior  of  the  proteins, 
which  act  similarly. 

2.    Union  with  salts  of  metals. 

By  their  amino  groups  the  acids  will  unite,  also,  with  such  salts  as 
mercuric  chloride  or  nitrate,  silver  nitrate,  platinum  chloride  and  cupric 
chloride  to  form  double  salts,  and  some  of  these  compounds  are  crystal- 
line. All  of  these  metals  come  below  hydrogen  in  the  order  of  their 
solution  tensions,  that  is  in  the  electromotive  series  of  the  metals.  The 
reaction  with  cupric  chloride  may  be  written  as  follows : 
CH^— CH^— CH.NH^— COOH  -)-  CuCl^^  ►  CH^— CH^— CH-NH^CuCl^j— COOH. 

Advantage  is  taken  of  this  power  of  the  amino-acids  to  combine  with 
copper  and  mercuric  salts  to  precipitate  them  from  their  solutions.  Mer- 
curic acetate  in  the  presence  of  carbonates  is  one  of  the  best  reagents  to 
use  for  this  purpose,  although  the  precipitation  is  probably  not  quanti- 
tative and  many  other  compounds  than  the  amino-acids  will  precipitate 
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with  this  reagent.  One  makes  the  solution  weakly  alkaline  by  the  addi- 
tion of  sodium  carbonate  and  then  adds  alternately  a  littk^f  a  25  per 
cent,  solution  of  mercuric  acetate,  and  a  few  drops  of  s(nB^  carbonate 
to  keep  the  reaction  alkaline,  as  long  as  a  white  precipime  is  obtained 
and  then  sufficient  of  the  reagents  so  that  on  stirring  the  precipitate  has 
a  faint  yellowish-red  color.  Then  5-8  volumes  of  98  per  cent,  alcohol  are 
added. 

The  amino-acids  also  have  the  property  of  forming  compounds  with 
ordinary  salts  such  as  sodium  chloride. 

3.  Condensation  of  aldehydes  with  the  amino  group. 

The  amino  groups  will  also  condense  with  aldehydes,  particularly 
with  formaldehyde,  with  the  elimination  of  water  according  to  the 
reaction : 

HjjN    0  H  CH^=N    O 

CHj— G— C— OH     +    H— C  =  0     —     CH^— 0— C— OH  +  HO 

H  li 

Alanine.  Formaldehyde.  Methylene  alanine. 

CH  =N    O  H— N— CH 

^      Ml  I         ^ 

CH  _C~C— OH    4-     2H CH  — C— C— OH 

I  I    II 

H  HO 

Methylene  alanine.  Methyl  alanine. 

By  this  reaction  the  methylene  substitution  products  are  formed  and 
these  by  reduction  go  over  rea'dily  into  the  methyl-amino  derivatives  as 
shown  above.  This  substitution  of  methylene  for  the  positive  element 
hydrogen  in  the  amino  group  reduces  the  basicity  of  the  amino  group 
so  that  the  acid  character  of  the  carboxyl  comes  clearly  into  evidence, 
and  these  substituted  acids  may  now  be  titrated  with  sodium  hydrate, 
using  phenol-phthalein  as  indicator.  This  reaction  is  extremely  impor- 
tant, partly  because  such  methyl  substitution  products  are  quite  com- 
mon in  animals  and  plants  and  they  are  probably  produced  in  this  way, 
and  partly  because  this  reaction  is  the  basis  of  the  Sorensen  method, 
which  is  one  of  the  best  methods  for  determining  in  a  simple  way  the 
amount  of  amino-acids  in  a  mixtiire.  See  p.  982.  Other  aldehydes  do 
not  react  so  readily  as  formaldehyde  with  the  amino  group. 

4.  The  carhamino  reaction  of  amino-acids. 

Another  very  interesting  and  important  reaction  of  the  amino-acids 
is  their  union  with  calcium  and  carbonic  acid  to  form  carbamino  com- 
pounds, a  reaction  discovered  and  studied  by  Siegfried  and  a  reaction 
of  considerable  biological  importance,  since  it  occurs  in  the  living  organ- 
ism.   When  ammonia  and  carbonic  acid  unite,  two  compounds  may  be 
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formed,  namely,  ammonium  carbonate,  (NH4)2C0s,  and  ammonium  car- 
bamate, th^^mmonium  salt  of  carbamic  acid,  NH4OCO.NH2. 
lo  O 


:u^mii 


H— O— C— 0— H    +    2NHj NHjj— C— 0— NH^    +    H^O 

Carbonic  acid.  Ammonia.       Ammonium  carbamate. 

The  esters  of  carbamic  acid  are  quite  important.    They  are  called  ure- 
thanes.    The  ethyl  ester,  ordinary  urethane,  is  a  useful  hypnotic. 

O 

NH„— C— 0— CH  — CH. 

2  2  3 

Urethane. 

The  carbamino  reaction  of  the  amino-acids  is  similar  to  this  union  of 
ammonia  and  CO2  to  make  carbamic  acid. 

Alanine,  for  example,  unites  with  carbon  dioxide  in  the  presence  of  a 
lime  salt  to  form  the  compound 

CH  — CH— NH— C  =  O 

"     I  I 

0  =  C — O— Ca— O 

This  reaction  is  of  considerable  importance  in  getting  an  idea  of  the 
composition  of  mixtures  of  amino-acids  and  in  studying  the  course  of 
the  hydrolytic  decomposition  of  the  proteins.  One  determines  the  nitro- 
gen and,  by  boiling  the  filtered  solution  containing  the  carbamino  com- 
pound, the  amount  of  calcium  carbonate  precipitated.  There  is  thus 
obtained  a  relation  between  the  number  of  nitrogen  atoms  and  the  mole- 
cules of  carbon  dioxide  which  have  been  in  union.  The  result  is  expressed 
as  the  quotient  CO2/N.  In  the  case  of  monoamino  acids  this  quotient  will 
be  one.  Such  a  quotient  will  mean  that  all  the  amino-acids  in  the  mixture 
are  monoamino  acids  and  all. the  amino  groups  are  free,  since  the  reaction 
only  occurs  between  free,  amino  groups  and  free  carboxyl  groups.  If 
diamino  acids  are  present,  or  if  the  amino-acids  are  in  part  combined 
in  peptide  unions,  the  quotient  will  be  less  than  one,  since  the  amount  of 
nitrogen  is  greater  than  the  number  of  free  amino  groups.  It  is  possible 
by  studying  this  quotient  to  follow  the  course  of  the  digestion  of  the 
proteins  and  determine  when  the  reaction  is  complete.  There  are,  how- 
ever, easier  methods  which  will  be  shown  later. 

5.    Deamimaation  hy  oxidation. 

The  amino  group  is  detached  only  with,  great  difficulty  in  acid  hy- 
drolysis, or  by  the  action  of  alkaliep^  One  would  think  it  might  easily  be 
replaced  by  hydroxyl  to  form  the  ^lydroxy  acid,  but  this  is  not  the.  case. 
If  it  were,  it  would  be  impossiblfi  tQ  isolate ,  the  amino-acid?.  from  the 
proteins  by  acid  hydrolysis.  The  am,in,o-acids  are  most  stable  in  the  form 
of  their  acid  salts.    Most  of  |;h;em,are,  quite  stable,  too,  in  alkaline  solu- 
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tiou,  but  cystine  and  cysteine  will  lose  their  sulphur  to  a  large  extent 
in  alkaline  solution  and  arginine  decomposes  into  ornitJ||||^and  urea. 
The  fact  that  the  amino  nitrogen  is  so  firmly  attached^f^Hie  amino- 
acids  so  stable  in  acid  solution  enables  the  conclusion  t^H^K-awn  that 
the  ammonia,  which  always  appears  in  small  amounts  when  a  protein  is 
hydrolyzed  in  acid  solution,  cannot  have  come  from  the  amino  acids,  but 
must  have  had  some  other  linking  in  the  protein  molecule.  As  a  matter 
of  fact  it  represents  acid  amide  nitrogen  and  not  amino-acid  nitrogen. 
It  was  in  a  free  carboxyl  group.  It  is  called  amide  nitrogen.  Its  amount 
is  variable,  as  we  shall  see.  But  while  the  amino  group  is  not  readily 
detached  by  a  simple  hydrolysis,  it  can  be  readily  removed  by  an  oxida- 
tion. By  various  oxidizing  agents  such  as  hydrogen  peroxide,  or  perman- 
ganate, the  amino  group  is  displaced  and  the  corresponding  ketonic  acid 
is  formed.  This  reaction  is  reversible.  The  reaction  may  be  written  as 
follows : 

CH  CH 

I    "  I    " 

H— C— NH^  +  0    :;=Z  C  =  0    -j-    NH 

O  =  O— OH  O  =  C— OH 

Alanine.  Pyruvic  acid. 

The  reaction  in  the  left  direction  goes  on  only  in  the  presence  of  reducing 
agents.  Both  these  reactions  are  of  very  great  importance,  since  they 
occur  in  the  metabolism  of  amino-acids  in  living  matter  and  show  the 
way  in  which  amino-acids  may  form  from  the  decomposition  products 
of  the  sugars  and  ammonia;  and  how  the  proteins  may  be  converted, 
with  the  loss  of  ammonia,  into  carbohydrates.  The  ammonia  thus  formed 
in  the  body  by  this  oxidation  of  the  amino-acids  has  a  great  many  func- 
•  tions  which  are  discussed  on  page  248.  By  further  oxidation  the  ammonia 
thus  set  free  may  be  oxidized  to  nitrogen  gas.  This  may  be  done  by 
bromine,  or  chlorine,  or  nitrous  acid  in  the  following  reaction : 

NH  -f  HO.NO   ►  2H  0  -f  N 

Nitrous  acid. 

This  last  reaction  is  used  in  determining  the  quantity  of  amino-acids  or 
the  amino  nitrogen  of  a  protein  in  the  van  Slyke  method.  The  nitrogen 
gas  evolved  by  treatment  of  the  protein  or  its  hydrolyzed  products  by 
nitrous  acid  is  collected  and  measured  and  the  number  of  amino  groups  in 
a  solution  of  the  acids  is  thus  determined  with  very  great  ease.  The  same 
method,  using  bromine  in  place  of  nitrous  acid,  is  employed  clinically 
for  the  determination  of  urea  and  some  other  forms  of  nitrogen  in  the 
urine.  Although  the  amino  group  is  replaced  by  oxygen  with  ease,  it 
is  not  replaceable  with  hydrogen.  That  is,  if  a  protein  is  hydrolyzed  with 
hydrochloric  acid  and  tin,  so  that  nascent  hydrogen  is  set  free,  the  hydro- 
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gen  does  hot  displace  the  amino  group  to  form  the  fatty  acid.  In  fact, 
tin  is  not  inij^uently  added  to  reduce  the  decomposition  caused  by  oxi- 
dation di^^^B  hydrolysis. 

6.  FS^^Kn  of  lactams  and  piperazine  nuclei. 
Anoth^^ortant  peculiarity  of  these  a  acids  is  the  fact  that  they 

form  anhydrides,  two  molecules  combining,  with  the  greatest  readiness. 
Thus  it  is  only  necessary  to  evaporate  solutions  of  leucine  or  other 
amino-aeids  to  produce  some  condensation  to  imides,  such  as  leucinimide ; 
diketopiperazine  nuclei  are  thus  formed: 

o 

{ CHg )  ^  =  CH— CH^— CH.NH— C  CH^— CH^, 

0  =  C— HN— CH— CH— CH  =(CH  X     :       h/  \h 

/ 
CH  — CH 

2  2 

Leucinimide   (Diisobutyl-diketopiperazine).  Piperazine. 

It  is  considered  probable  that  heterocyclic  rings  of  this  kind  occur  in 
the  protein  molecule,  but  their  presence  has  not  yet  been  proved.  Such 
a  condensation  may,  however,  give  rise  to  some  of  the  cyclic  amino-acids 
from  straight  chain  amino-acids. 

When  the  amino  group  is  in  the  y  or  S  position  as  compared  with  the 

carboxyl,  as  it  is  in  glutamic  acid,  for  example,   COOH — CHj — CH, — 

V 

CHNH, — COOH,  an  internal  condensation  within  the  molecule  occurs 
with  the  greatest  ease.  These  anhydride  substances  correspond  to  the 
lactones  and  are  called  lactams.  It  is  an  interesting  fact  that  although 
the  amino-acids  themselves  are  without  special  physiological  or  toxic 
action,  these  lactams  are  powerful  poisons,  producing  strychnine-like 
convulsions.  By  this  lactam  formation  some  of  the  cyclic  amino-acids 
may  be  formed  from  the  straight  chain  amino-acids. 

This  may,  for  example,  be  the  origin  of  proline.    Glutamic  acid  under- 
goes a  condensation  of  this  kind  to  form  the  lactam,  pyrrolidone  car- 
boxylic  acid,  which  by  reduction  will  yield  pyrrolidine  carboxylic  acid, 
or  proline. 
0  =  C— CH  — CH  — CH.NH  —COOH ► 

2  2  2 

in 

CH  — CH  CH  — CH 

I    ^      I    '  +2H^    I     '     I    *  +^P 

0  =  G         CH— COOH  CH       CH— COOH 

^  ^^ 

Pyrrolidone  carboxylic  acid.  Proline. 

7.  The  taste  of  amino-acids. 

The  amino-acids  being  very  weak  acids  and  having  amino  groups 
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which  resemble,  in  their  properties,  the  hydroxyl  group^^the  carbo- 
hydrates, have  also,  in  many  cases,  a  sweet  taste.  Thi^^^H^ll,  as  its 
name  implies  (Gr.  glykys,  sweet;  kolla,  glue;  the  swe^^^^Hice  from 
glue),  is  very  sweet.  Alanine  is  also  sweet  and  so  is  caJH^Hfor  glyco- 
leucine.    Leucine,  however,  is  tasteless  and  isq-leucine  is  bTtter. 

It  is  not  yet  known  why  some  substances  are  sweet  and  others  bitter.. 
The  problem  is  identical  with  the  general  problem  of  the  nature  of  stimu- 
lation and  the  character  of  the  irritable  response  of  living  matter.  In 
this  case  it  is  essentially  the  question  of  how  the  taste  buds  of  the  sweet- 
perceiving  nerves  are  stimulated. 

8.    Optical  properties  of  amino-acifis. 

The  amino-acids  obtained  from  proteins  by  hydrolysis  by  acids  or 
enzymes  are  all  except  glycine  optically  active.  Most  are  levo-rotatory. 
The  a  carbon  is  always  asymmetric,  except  in  glycine.  Since  the  total 
rotatory  action  of  any  collection  of  amino-acids  obtained  by  acid 
hydrolysis  or  by  digestive  enzymes  is  different  from,  and  generally 
greater  than,  the  rotation  of  the  protein  from  which  they  come,  the 
change  in  the  rotatory  power  of  a  digesting  protein  enables  us  to  follow 
the  rate  of  digestion. 

The  amino-acids  obtained  from  the  proteins  by  hydrolysis  by  alka- 
lies, or  which  have  been  obtained  by  acid  hydrolysis  from  protein  which 
has  been  treated  for  a  time  with  dilute  alkali,  are  for  the  most  part 
inactive.  The  amino-acids  obtained  from  such  alkali-treated  proteins 
are  as  a  rule,  but  not  exclusively,  composed  of  equal  amounts  of  the 
dextro-  and  levo-rotatory  forms  of  the  acids.  Since  in  the  proteins  prob- 
ably only  one  of  the  optically  active  forms  of  an  amino-acid  occurs,  as 
is  shown  by  the  activity  of  those  acids  when  freed  by  enzymes  or  acid 
hydrolysis,  it  follows  that  by  the  action  of  alkali  the  other  optically  active 
form  has  been  produced.  This  process  by  which  from  one  optically  active 
isomer  the  opposite  optically  active  isomer  is  produced  is  called  "  raeemi- 
zation."  The  name  is  derived  from  racemic  acid  (page  22)  which  is 
composed  of  equal  quantities  of  the  two  optical  antipodes  of  tartaric 
acid.  Now  it  is  found  that  the  amino-acids  when  free  do  not  easily  or 
rapidly  racemize  when  treated  by  dilute  alkali.  The  racemization  pro- 
duced by  the  action  of  dilute  alkali  on  protein  must,  therefore,  oc^r 
while  the  amino-acids  are  combined  in  the  molecule  of  the  protein. 
The  way  this  is  produced  is  very  interesting  and  very  valuable  infor- 
mation about  which  amino-acids  have  free  carboxyl  groups  on  them 
in  the  protein  molecule  can  be  obtained  by  taking  advantage  of  this 
ease  of  racemization  by  alkali  of  the  amino-acids  which  have  the  carboxyl 
combined.    The  explanation  as  mven  by  Dakin  is  as  follows : 

The  amino-acids  of  the  proteins  are  linked  through  their  amino  ||>id 
carboxyl  groups  in  the  following  way  as  illustrated  by  alanyl-alanine. 
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ide^^  tl: 


Dipeptides  like  this  do  not  easily  undergo  racemization ;  but  more  com- 
plex polj^^^l^s  do. 

O   H   H    0    H 

HO— C— C— N— C— C— NH 

2 

CHg  CHj 

Alanyl-alanine.    Ketone  form. 


This  is  ^e  ketone  form.  Now  by  intramolecular  rearrangement  the 
hydrogen  of  the  <y  carbon  atom  passes  over  to  the  oxygen  of  the  ketone 
group  to  make  the  enol  form,  thus : 

O    H    H    OH 
HO— C— C— N— C  =  C— NH 

2 

I  I 

CH  CH. 

3  8 

Enol  peptide  form. 

The  ketone  and  enol  forms  are  probably  in  equilibrium  with  each 
other,  some  enol  going  back  to  ketone  and  some  ketone  to  enol. 

By  this  enol  formation  the  carbon  atom  of  the  second  alanyl  group 
which  had  been  asymmetrical  now  becomes  symmetrical.  When,  now, 
the  ketone  form  with  its  asymmetric  carbon  is  regenerated,  the  second 
acid  with  the  double  bond  will  form  equal  amounts  of  the  two  optical 
isomers,  since  there  will  be  nothing  to  determine  that  one  rather  than 
the  other  isomer  shall  be  formed.  It  is  clear  that  the  alkali  must  assist  in 
producing  the  enol  form  in  the  peptide  groups  and  in  this  way  it  produces 
its  racemization.  Furthermore,  since  only  those  amino-acids  which  have 
their  carboxyl  groups  combined  can  undergo  the  enol  formation,  we  may 
find  out,  by  studying  the  optical  activity  of  various  amino-acids  pro- 
duced from  protein  by  acid  hydrolysis  after  the  protein  had  been  treated 
with  dilute  alkali,  which  of  the  acids  have  been  racemized  and  which  not. 
Those  which  were  racemized  must  have  had  their  carboxyl  groups  bound ; 
those  which  were  not  probably  had  their  carboxyls  free. 

Amounts  of  various  amino-acids  in  different  proteins. — The  vari- 
ous proteins  differ  in  the  amounts  of  the  different  amino-acids  which 
they,  yield  on  hydrolysis.  While  it  is  not  yet  possible  to  determine  many 
(H  the  amino-acids  quantitatively,  yet  this  is  possible  for  some  of  them 
and  approximations  may  be  made  for  the  others.  The  quantitative  deter- 
mination of  arginine,  lysine  and  histidine  in  a  mixture  of  amino-acids 
can  be  made.  The  protein  is  hydrolyzed  by  prolonged  cooking  with  10 
per  cent,  sulphuric  acid  or  concentrated  HCl  and  the  bases,  after  sepa- 
ration of  the  humus  materials  by  filtration  and  decolorization  with  char- 
co^,  are  precipitated  by  phosphotungAc  acid.  The  further  separation 
o"he  three  acids  is  accomplished  by  the  different  solubilities  of  the 
silver  salts  on  adding  barium  hydrate  to  neutral  and  alkaline  reaction. 
The  detailed  method  is  given  elsewhere,     The  other  amino-acids  are 
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separated  by  Fischer's  method  of  hydrolyzing  with  concentrated  hydro- 
chloric acid.  On  saturating  the  filtered,  concentrated ^^Bon  mixture 
with  hydrochloric  acid  gas  and  allowing  to  stand  in  thaj^^HHch  of  the* 
glutamic  hydrochloride  will  usually  crystallize  out  ^ij^^HPbe  sepa- 
rated. The  filtrate  from  this  acid  is  mixed  with  absolute^^^ol,  repeat- 
edly evaporated,  dissolved  in  absolute  alcohol  and  the  ethyl  esters  forme^ 
by  passing  in  dry  hydrochloric  acid  gas.  On  standing  the  hydrochloride 
of  the  ester  of  glycocoU  may  crystallize  out.  The  reaction  involved  is 
the  formation  of  the  ethyl  esters  of  the  amino-acids  and  is  as||)llows: 
NH^  HNHCr        H    H 

I  111 

H— C— C— OH  -f  HCl  -f  0  H  OH H— C— C— 0— C— C— H  -f  H  O 

Glyeoeoll.  Alcohol.  Glycocoll-ethyl-ester  hydrochloride. 

The  other  esters  are  freed  from  the  hydrochloric  acid  by  careful  neu- 
tralization; tlie  esters  are  removed  by  shaking  out  in  ether  and  they 
are  separated  into  several  fractions  by  fractional  distillation  at  differ- 
ent temperatures  in  a  good  vacuum.  Prom  these  fractions  the  various 
amino-acids  may  be  separated  more  or  less  completely. ,  Although  the 
method  of  determining  the  amounts  of  the  various  amino-acids  are  thus 
not  quantitative,'  the  results  obtained  from  different  proteins  by  skilled 
hands  are  comparable  and  the  composition  of  the  amino-acid  mixture 
obtained  by  hydrolysis  of  different  proteins  may  be  compared.  The  ester 
method  is  accompanied  by  many  losses,  so  that  the  figures  which '  follow 
representing  the  amount  of  amino-acids  obtained  from  different  proteins 
by  this  method  are,  for  all  except  histidine,  arginine,  lysine,  tyrosine  and 
cystine,  to  be  regarded  as  approximate  and  minimum  values  only.  Btit 
as  the  losses  in  experienced  hands  are  probably  about  the  same  for  each 
protein,  the  figures  give  at  least  a  general  idea  of  the  amount  of  amino- 
acids  thus  obtained  and  indicate  cl^ar-cut  and  impoi?tant  differences  in 
the  composition  of  the  different  proteins. 

A  new  method  recently  introduced  by  Dakin  which  consists  in  con- 
tinuous extraction  of  the  monoamino  acids  from  the  hydrolysate  by 
butyl  alcohol  leaving  quantitatively  behind  the  dicarboxylic  and  basic 
aeids,  promises  to  be  much  superior  to  any  other  method.    By  means  of 

'  The  chief  sources  of  loss  in  the  method  are:  1.  Incomplete  hydrolysis.  ManylK 
the  peptide  linkings  are  very  resistant  to  acid  hydrolysis  and  many  hours  (24  or 
mon')  heating  with  25%  hydrochloric  acid  are  required  before  hydrolysis  is  com- 
.  plete.  2.  The  formation  of  humus  substances.  These  are  chiefly  due  to  deconi- 
positions  of  the  carbohydrate  group,  when  suchJ|iH|fcBent,  and  of  tryptophane  and 
histidine.  Proteins  which,  like  zein,  contain  litWNo|}tH»e  radicals  do  not  form  black 
liumus  substances.  3.  A  loss  in  esteajfication.  tt^^l^Vin  distillation  of  the  esters. 
In  distilling  off  the  ether,  leucine,  alit^pe  and  gl^lWIresters  go  over  in  part  an^^e 
generally  lost.  There  is  also  some  decomposition  during  distillation.  5.  LosslWln 
separating  the  amino-acids  in  a  crystalline  form.  From  a  known  mixture  of  amino- 
acids  Osborne  and  Jones  could  recover  by  this  method  only  66.17%. 
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it  he  was^Je  to  show  the  presence  of  considerable  quaiitities  of  an 
Ahydroxy|^^^^kacid  in  casein  and  other  proteins. 

WhiH^^HBteins  yield  amino-acids  the  relative  amounts  of  the 
differen^l^^^^By  in  each  protein.  Thus  salmin,  a  protamine  found 
in  the  hefMj^^^he  salmon  sperm,  yields  arginine  to  over  85  per  cent. 
f^  its  weight;  others  yield  large  amounts  of  leucine,  or  glycocoll  or 
glutamic  acid ;  some  yield  no  tyrosine,  or  cystine,  or  tryptophane.  The 
proteins  differ  from  each  other  chemically,  therefore,  in  the  amount  of 
the  diffewnt  amino-acid  nuclei  they  contain. 

FBOIAMINES  COUFOSITION. 

Feb  Cent,  of  Total  Nitboqen  Present  as  Nituoqsn  op  Di7ferei)t  Auino  Acidb. 
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In  the  accompanying  tables  it  will  be  noticed  that  the  different  pro- 
teins have  a  widely  different  composition.  Thus  the  proteins  of  silk  have 
half  their  molecule  composed  of  glycocoll  and  alanine ;  whereas  in  salmin 
^per  cent,  of  the  molecule  is  arginine.  The  alcohol  soluble  proteins 
like  zein  contain  very  large  amounts  of  proline  and  glutamic  acid.  Tyro- 
sine, tryptophane  and  other  amino-acids  are  present  in  some  and  absent 
in  others.  The  amount  of  ammonia  which  is  obtained  by  distilling  the 
weakly  alkaline  solution|^lM^  hydrolytic  products  is  seen  to  be  roughly 
parallel  to  the  amount  HBiHmic  acid  in  the  molecule,  those  proteins 
l|||gliadin  having  a  la^yHCount  o^putamic  acid,  have  also  a  large 
{HRint  of  ammonia,  whereas  the  protamines  which  lack  glutamic  acid 
in  their  molecules  have  no  ammonia.    This  fact  means  that  glutamic  and 

possibly  aspartic  acids  have  an  amide  group  in  the  free  carboxyl.   Atten- 
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tion  may  be  directed  also  to  the  fact  that  proteins  corresponding  in  kind 
in  relate^HBs  have  very  similar  but  not  identical  compositions.  The 
legumin^^HHbtch  and  the  pea  illustrate  this  fact.  The  protamines  are 
the  prot^jj^Hfiich  have  the  fewest  different  amino-acids  in  their  mole- 
cules ;  and  those  acids  which  are  present  are  chiefly  basic  acids. 

The  total  amount  of  the  amino-acids  found  rarely  equals  100  per 
cent,  of  the  protein  molecule.  It  is  in  fact  seldom  more  than  two-* 
thirds  of  the  protein.  Salmin  alone  yields  110  per  cent,  of  amino-acids. 
The  weight  of  the  amino-acids  recovered  is  greater  than  the  weight  of  the 
salmin  hydrolyzed,  for  the  reason  that  a  molecule  of  water  has  been 
added  between  each  two  amino-acids  in  the  process  of  hydrolysis.  Were 
the  methods  of  determination  accurate  all  the  proteins  should  show  more 
"than  a  hundred  per  cent,  of  the  weight  of  the  protein  as  amino-acids. 
The  30-40  per  cent,  of  the  protein  molecule  not  accounted  for  in  most 
proteins  might  be  due  to  the  losses  in  anUysis,  or  to  the  presence  of  other 
unknown  amino-acids  in  the  decomposition  products.  It  is  the  opirdon 
of  Osborne,  who  has  particularly  studied  this  question,  that  the  defi- 
ciency is  chiefly  due  to  the  losses  in  analysis,  since  from  a  known  amount 
of  amino-acids  he  could  recover  only  about  60  per  cent.  It  is  probable 
also  that  there  are  some  unknown  amino  or  other  acids  in  the  residue. 
There  are  reasons  for  thinking  that  some  of  the  sulphur  may  be  in  another 
form  than  cystine  and  probably  various  hydroxy  amino-acids  remain 
undetected. 

The  structure  of  the  protein  molecule. — Since  all  methods  of' 
hydrolysis,  whether  by  water,  by  the  mild  action  of  enzymes  at  body  or 
room  temperature,  by  acids  and  alkalies,  yield  amino-acids,  it  is  safe 
to  conclude  that  these  nuclei  are  not  secondary  products  of  decomposi- 
tion, but  that  they  pre-exist  in  the  protein  molecule.  That  the  proteins 
are  indeed  made  up  of  amino-acids  linked  through  the  earboxyl  group  of 
one  acid  and  the  a-amino  group  of  another  is  now  certain.  This  result 
is  largely  due  to  the  work  of  A.  Kossel  on  the  composition  of  the  basic 
proteins  found  in  the  cell  nuclei  of  the  sperm  of  the  salmon  and  sturgeon. 
Kossel  discovered  that  the  protamin,  salmin,  a  strongly  basic  protein 
which  can  be  separated  from  the  head  of  the  salmon  sperm,  yielded  on 
hydrolysis  nearly  90  per  cent,  of  its  weight  as  the  single  amino-acid 
arginine ;  in  the  case  of  the  sturgeon  protamine,  sturin,  two  other  amino- 
acids  were  present,  namely  lysine  and  histidine.  From  this  and  other 
considerations  he  drew  the  conclusion  that  the  proteins  were  made  up  of 
amino-acids  linked  through  their  amino  and  earboxyl  groups,  many  of 
them  at  any  rate  having  a  protamine-like  nucleus  to  which  the  different 
amino-acids  were  attached,  the  number  and  kind  of  these  amino-aci(is  be- 
i9g  variable  in  different  proteins.  This  conception  allied  the  proteins  to 
the  scheme  of  the  carbohydrates.  In  this  view  proteins  corresponded  to 
the  polysaccharides ;  the  amino-acids  to  the  various  monosaccharides ;  and 
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Kossel  named  those  amino-acids  with  six  carbon  atoms,  namely  Listidiue, 
lysine  and  arginine,  "  hexone  bases  "  to  bring  out  this  similarity.  By 
the  work  of  Emil  Fischer  and  Curtius  this  conception  of  fflponstitution 
of  proteins  was  proved  to  be  correct  by  the  synthesis  oRhe  basis  of 
Kossel 's  theory  of  various  bodies  of  a  protein  nature. 

The  amino-acids  are  linked  together  in  the  protein  molecule  in  the 
following  way  through  their  amino  and  carboxyl  groups.  The  union  of 
a  molecule  of  alanine  with  one  of  leucine  may  be  pictured  as  follows : 

CH3  ^H      C^H^  CH3  CH     C  H^ 

I      /fi  \/  I       /H  \/ 

H— C— N— H  H    C— H  H— C— N— H  H  C— H 

I           .             +11              -H,0  —           I                  II 
0  —  C— OH  H— N— C— H  O  =  C ^N O— H 

I  I 

0  =  C— OH  0  =  C— OH 

Alanine.  Iso-Leucine.  Alanyl-leucine. 

This  leaves  a  free  amino  group  at  one  end  of  the  chain  and  a  free  car- 
boxyl at  the  other,  at  which  other  amino  groups  can  be  attached.  A 
series  of  amino-acids  put  together  in  this  way  to  form  a  polypeptide  as 
it  is  called,  in  this  case  a  decapeptide,  is  shown  on  page  132. 

The  resemblance  of  this  union  to  that  of  the  polysaccharides  is  very 
close.  By  looking  at  the  formula  of  the  disaccharide,  maltose,  on  page  57, 
it  will  be  seen  that  the  two  monosaccharide  molecules  are  attached  to 
each  other  through  an  oxygen  atom.  The  carbons  of  the  different  mono- 
saccharide groups  do  not  unite  directly  with  each  other.  In  the  formula 
of  a  polypeptide  just  given,  the  different  amino-acids  are  united  through 
a  nitrogen  atom.  The  carbons  of  the  monopeptides  do  not  unite  directly 
to  make  a  polypeptide,  any  more  than  do  the  carbons  of  the  monosac- 
charides to  make  a  polysaccharide.  A  further  resemblance  lies  in  the 
fact  that  in  each  case  the  synthesis  involves  the  loss  of  a  molecule  of  water 
between  each  two  monopeptide  groups,  or  monosaccharide  groups.  The 
main  difference  apparently  lies  in  the  fact  that  there  are  a  far  larger 
number  of  amino-acids  used  in  the  synthesis  of  the  proteins,  or  polypep- 
tides, than  of  monosaccharides  to  make  polysaccharides.  No  protein  has 
as  yet  been  discovered  which  yields  only  a  single  amino-acid,  although 
salmin  yielding  88  per  cent,  of  arginine  does  not  come  far  from  it.  Inulin, 
however,  is  supposed  to  yield  only  levulose  when  it  is  hydrolyzed;  and 
glycogen  is  supposed  to  yield  only  glucose.  Many  of  the  other  carbo- 
hydrates, however,  are  composed  of  several  different  monosaccharides. 
No  doubt  as  means  of  separation  of  the  monosaccharides  improve,  it  will 
be  found  that  the  polysaccharides  contain  more  kinds  of  monosaccharides 
than  is  at  present  believed. 

The  evidence  that  the  amino-acids  in  the  proteins  are  linked  through 
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the  amino  and  carboxyl  groups  is  the  fact  that  they  have  been  syn- 
thesized into  protein-like  bodies  by  such  union,  and  the  further  fact  that 
the  number  of  the  free  amino  and  carboxyl  groups  in  a  protein  molecule 
is  very  small,  showing  that  both  amino  and  carboxyl  groups  are 
combined. 

Synthesis  of  the  proteins. — The  synthesis  of  protein-like  substances 
from  the  amino-acids  has  been  accomplished  in  several  ways.  1.  By 
dehydration.  By  heating  leucine  and  glycocoll  in  the  presence  of  phos- 
phorus pentoxide  Grimaux  and  later  Pickering  obtained  colloidal  bodies 
with  many  of  the  properties  of  the  proteins.  2.  By  the  condensation  of 
glycocoll  Curtius  obtained  a  base,  the  biuret  base,  which  is  now  known 
to  be  triglycyl-glycine  ethyl  ester.  3.  The  first  systematic  attempts  at 
synthesis  which  were  successful  were  those  of  Emil  Fischer  on  the  basis 
of  Kossel's  theory  of  the  nature  of  the  protein  molecule,  and  these 
attempts  have  led  to  the  successful  synthesis  of  a  great  number  of 
artificial  polypeptides,  some  having  the  general  nature  of  the  albumoses, 
being  digestible  by  trypsin  and  erepsin  and  giving  the  color  reactions 
of  the  proteins.    The  methods  used  in  the  synthesis  are  as  follows : 

The  carboxyl  and  amino  groups  are  not  of  themselves  sufficiently 

reactive  to  combine  rapidly,  more  rapidly  than  they  dissociate.     It  is 

necessary  to  make  one  of  them  at  least  more  reactive,  so  that  the  velocity 

of  the  reaction  which  is  leading  to  their  synthesis  is  greater  than  the 

velocity  of  their  decomposition  by  hydrolysis.    This  greater  reactivity 

is  secured  for  the  carboxyl  group  by  substituting  the  hydroxyl  with 

chlorine,  to  make  the  acid  chloride.    This  can  be  done  by  treatment  of 

the  amino-acid  by  phosphorus  pentachloride.    There  is  thus  formed  from 

alanine,  or  glycine,  the  hydrochloride  of  the  acid  chloride : 

H 

I 
CH  — C— NH  HCl 

'     I  ' 

0  =  C— CI 

This  will  now  unite  with  a  molecule  of  an  amino-acid,  or  a  polypeptide, 

liberating  hydrochloric  acid  thus : 

H  H 

CH  — d^NH^HCl  CH^  CH^— C— NH^HCl         CH^ 

0  =  C— CI        +     H— N— C— H 0  =  C ^N— C— H  +  HCl 

HI  II 

O  -  C— OH  H      I 

, ,     .  O  =  C— OH 

Alanyl  chloride  Alanine.  i    .     •      r.   ,      u,     -j 

hydroehlorifle.  Alanyl-alanine  hydrochloride. 

By  treating  the  alanyl-alanine  with  phosphorus  pentachloride  it  may  be 

converted  into  the  acid  chloride  in  its  turn  and  it  will  then  unite  witli. 

the  amino  group  of  some  other  amino-acid,  for  example,  leucine : 
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H  H 

CH  — C— NH^HCl      CH  '^^s°2^5      CH^— C— NH^jHCl     CH^  ^^a'^^^s 

0  — C N C— H    +  CH  0  =  C N -C— H     CH 

HI  I  I      H     I 


i 


H 


0  =  C— CI  HN— C— H 0  =  C— N— 0— H 

I  I 

GO— OH  O  =  C— OH 

Alanyl-alanine  chloride.  Iso-leucine.       Alanyl-alanyl-leucine  hydrochloride. 

Two  tri-peptides  or  even  more  complex  peptides  may  in  this  way  be 
condensed  into  a  hexa-  or  other  poly-peptide. 

Anotlier  method  used  by  Fischer  consisted  in  adding  an  amino-acid 
to  the  amino  group  of  the  terminal  acid  of  a  peptide,  using  a  bromine 
substitution  product  of  a  fatty  acid  chloride ;  and  then  after  union  with 
the  amino  group  replacing  the  bromine  by  an  amino  group  by  treating 
with  ammonia.  The  process  is  then  repeated.  Suppose  it  is  desired  to 
make  an  alanyl-leucine.  The  leucine  is  treated  with  brompropionyl 
chloride  and  then  the  reaction  product  with  ammonia  as  follows : 
H  CH     C  H  H  CH     C  H 

3         2     5  3  2      S 


CH^— C— Br     +  H     CB  CH^— C— Br    H       CH  +HC1 

I  II 

O  =  C— CI  H N— C— H 


0  =  C— I 


OH  O  r=  C— OH 

Brompropionyl  Iso-leucine.  Brompropionyl-leueine. 

chloride. 

2.     CH  — CHBr— CO— NH— CH  ( C  H^ )  — COOH  +  NH^ 

CH^— CHNH^— CO— NH— CH  ( C^H^ )  —COOH  +  HBr 
Brompropionyl-leueine.  Alanyl-leucine. 

The  process  may  now  be  repeated  with  the  alanyl-leucine  and  either 
brompropionylchloride  or  some  other  similar  compound  may  be  united 
to  the  di-peptide  and  converted  into  the  amino  compound  by  the  action 
of  ammonia.  So  a  tri-peptide  may  be  made.  By  the  use  of  these  methods 
a  great  number  of  artificial  polypeptides  have  been  made  by  Fischer, 
Abderhalden,  Curtius  and  their  co-workers.  One  of  the  most  complex 
of  these  polypeptides  contained  18  amino-acid  groups,  namely  three  leu- 
cine and  15  glycocoll  groups.  It  was  1-leucyl-triglycyl-l-leucyl-triglycyl- 
1-leucyloctoglycylglycine.  NH2CH(C,HJC0.(NHCH,C0).,.NHCH(C, 
H„)CO.(NHCH,CO)3.NHCH(C,H„)CO.(NHCH,CO),NHCH2COOH. 

These  complex  artificial  polypeptides  have  the  properties  of  the  de- 
rived proteins.  They  are  like  albumoses.  They  give  the  biuret  and  other 
reactions  of  the  proteins,  which  are  given  by  the  various  amino-acids  of 
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which  they  may  have  been  composed,  such  as  the  tyrosine  or  tryptophane 
reactions.  They  are  precipitated  by  mercuric  chloride  and  phospho- 
tungstic  acid.  And  some  of  them  are  digestible  by  trypsin  and  erepsin. 
They  are  optically  active,  also,  like  the  natural  bodies.  One  of  them 
produced  an  anaphylaxis  reaction.  It  has  not  yet  been  possible  to 
form  a  protein  which  is  coagulated  by  heat;  nor  has  any  artificial 
protein  been  made  which  is  identical  with  the  naturally  occurring  pro- 
teins. On  the  other  hand,  many  of  the  di-  and  tri-peptideik  which  appear 
in  the  artificial  hydrolysis  of  the  naturally  occurring  proteins  have  been 
synthesized  artificially.  The  final  synthesis  of  the  natural  proteins  is 
probably  only  a  question  of  industry  and  time. 

Other  linkings  in  the  molecule. — It  must  not  be  stipposed  that  the 
NH — CO —  grouping  is  the  only  method  of  linking  amino-acids  in  the 
protein  molecule,  although  it  is  undoubtedly  the  principal  one.  Another 
is  certainly  by  means  of  the  cysteine  sulphur.  This  union  is  brought 
about  by  oxidation  and  released  again  by  reduction.  This  linking  may 
be  of  great  importance  in  determining  the  reactivity  of  living  proto- 
plasm, since  oxidations  and  reductions  are  constantly  taking  place  in  it. 
Thus  if  two  molecules  of  cysteine  are  oxidized,  and  in  neutral  or  in  the 
faintest  alkaline  reaction  the  oxidation  goes  spontaneously  very  rapidly 
in  the  air,  they  are  converted  into  one  molecule  of  cystine. 

The  reaction  is  as  follows: 

H  H  H  H  <•' 

I  III 

HC— SH  HS— C— H  HC— S S— C— H 

HCNH   +  O  +  HCNH, HCNH,    HCNH   -f  H  O 

2         '  '  2  2  2         '  2 

COOH  COOH  COOH  COOH 

Cysteine.  Cysteine.  Cystine. 

It  is  possible,  although  it  has  not  yet  been  shown  to  be  the  case,  that 
if  two  proteins  each  containing  cysteine  are  oxidized,  a  more  complex 
cystine  protein  would  be  the  result.  By  reduction  this  could  be  broken 
up  again.  There  seems  to  be  evidence  from  certain  color  reactions  with 
Bodium  nitro-prusside,  with  which  cysteine  gives  a  beautiful  red  color, 
that  some  natural  proteins  contain  cysteine,  while  others  contain  cys- 
tine. It  would  seem  not  impossible  that  this  union  might  join  mole- 
cules of  protein  into  more  complex  groups;  and  possibly  the  fibers  of 
the  aster  in  cell  division  might  be  formed  in  this  way.  The  author 
found  that  these  fibers  would  only  form  in  the  sea-urchin  egg  in  the 
presence  of  oxygen  and  they  at  once  broke  up  and  disappeared  when 
oxygen  was  withdrawn  from  the  egg.  At  any  rate  we  have  in  the 
cysteine  sulphur  one  of  the  most  reactive  points  of  the  protein  mole- 
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cule.     Heffter  and  tlie  writer  have  particularly  tried  to  bring  it  into 
relationship  with  cell  processes.    The  union  is  as  follows: 


R— CH.— S- 


-S— CH  — R' 

2 


It  would  seem  that  the  protein  with  cysteine  in  the  molecule  might 
change  its  state  of  solution  when  it  became  cystine,  and  this  might 
alter  the  state  of  viscidity  of  the  protoplasm,  cr  possibly  even  its 
affinity  for  water. 

Another  linking  which  is  possible  is  an  ester  union  through  thfi 
hydroxyl  of  the  serine,  or  oxyproline,  or  tyrosine  with  carboxyl. 
Whether  such  unions  exist  is  still  unknown.  Another  linking  is  that 
typefied  by  guanidine  and  ornithine  in  forming  arginine.  The  linking 
is  of  the  following  kind:  NH^CCNHJ— JVH— CH^— E.  So  far  as  is 
known  this  union  occurs  only  in  arginine. 

This  part  of  the  subject  should  not  be  left  without  reference  to 
another  very  suggestive  fact.  None  of  the  artificial  polypeptides  are 
digestible  by  pepsin,  though  many  of  them  digest  with  trypsin  or 
erepsin.  This  matter  is  discussed  on  page  404.  This  fact  may  mean  that 
there  are  other  kinds  of  unions  between  the  polypeptide  groups  which 
go  to  make  up  the  protein  molecule  than  unions  between  the  amino  and 
carboxyl  groups  as  just  stated.  Pepsin  might  act  on  these  unions.  On 
the  other  hand,  it  might  be  that  the  failure  of  pepsin  to  digest  the 
protamines  or  the  artificial  polypeptides  was  owing  to  the  fact  that  the 
pepsin  acts  only  on  certain  specific  amino-acid  junctions  and  that  we 
have  not  yet  happened  to  test  these  particular  junctions  with  th(: 
enzyme.  The  fact  that  during  peptic  digestion  the  free  amino  groupsi 
increase  in  numbers  (page  362)  bears  out  the  latter  supposition. 

A  very  curious  relationship  has  recently  been  found  by  Kossel  in 
the  protamines  of  the  fish  sperm  and  may  be  mentioned  in  this  connec- 
tion. He  finds  that  in  these  proteins  there  are  always  approximately, 
or  exactly,  two  molecules  of  a  basic  amino-acid  like  arginine,  histidint 
or  lysine,  to  each  molecule  of  a  mono-amino  acid.  This  fact  suggests 
that  possibly  the  protamine  may  be  made  of  a  series  of  tri-peptides 
Similar  tri-peptides  have  been  isolated  by  Siegfried  in  the  course  of  the. 
slow  hydrolysis  of  various  proteins  and  called  by  him,  kyrins.  It  has 
been  suggested  by  Taylor  that  the  protamine,  salmin,  may  be  made  up 
of  these  tri-peptides,  or  protones,  united  as  follows: 


Arginine 

Arginine  ' 

Arginine  ' 
1 

Serine 
1 

._. 

Ser  ne 
1   ' 

._, 

Proline 
Arg  nine 

, — 

Arginine 

Arginine 

I 

Arginine  1 


>-■{ 


r  Arginine 
Proline 


Proline 
Arginine  J      !  Alanine 


'  Arginine ' 

Valine 

I 
Arginine 


The  first  cleavage  of  the  molecule  by  hydrolysis  would  consist  in  the 
setting  free  of  the  tri-peptides  which  would  then  be  separately  broken 
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up.  This  view,  while  it  is  in  consonance  with  many  facts,  cannot  yet  be 
said  to  be  well  grounded. 

Number  of  free  amino  and  carboxyl  groups  in  proteins. — That  there 
are  only  a  few  free  amino  groups  in  the  protein  molecule  is  shown  by  a 
variety  of  reactions.  Acids,  foi-  example,  combine  with  the  amino,  NHj, 
groups,  but  not  with  the  imino,  NH — ,  groups;  or  if  they  unite  with 
the  latter  the  union  is  a  very  weak  one  and  dissociation  occurs.  The 
basicity  of  the  group,  NH — ,  is  no  doubt  reduced  by  the  neighboring 
C=0  group.  At  any  rate,  the  acid-combining  power  of  the  protein 
molecule  is  generally  only  two  to  four  molecules  of  hydrochloric  acid 
to  what  we  believe  to  be  a  single  molecule  of  protein.  Thus  edestin,  a 
crystalline  protein  from  hemp  seed,  forms  two  series  of  salts,  a  mono- 
and  a  di-chloride  (Osborne).  As  digestion  takes  place  and  the  amino 
groups  become  free,  the  power  of  taking  up  acid  greatly  increases.  Kossel 
has  shown  that  the  amount  of  acid  taken  up  by  protamine  is  in  direct 
relation  to  the  amount  of  the  free  amino  groups  it  has.  In  general,  pro- 
teins with  more  lysine  and  arginine  combine  with  more  acid.  This  indi- 
cates that  one  of  the  amino  groups  in  each  of  these  acids  is  uncombined 
in  the  molecule;  in  other  words,  that  only  the  or-amino  group  is  bound 
in  both  arginyl  and  lysyl. 

Another  proof  that  there  are  few  free  amino  groups  is  the  power  of 
union  with  formalin.  Formaldehyde  unites  with  the  free  amino  groups  to 
form  water  and  methylene  addition  products  (see  page  121).  It  does  not 
react  with  the  imino,  NH,  groups.  Now  it  is  found  that  the  amount  of 
formalin  bound  or  taken  up  is  small  in  the  intact  proteins,  but  undergoes 
a  steady  increase  as  hydrolysis  progresses.  Indeed  by  means  of  formol 
titration  the  progress  of  a  hydrolysis  can  be  most  easily  followed.  It  is 
found  that  the  rate  of  increase  of  the  acid-combining  power  and  of 
formalin  binding  in  such  a  hydrolysis  go  parallel.  Still  another  method 
for  the  detection  of  the  amount  of  free  amino  groups,  and  from  a  quan- 
titative standpoint  perhaps  the  best,  is  the  method  of  Van  Slyke,  which 
depends  on  the  fact  that  nitrous  acid  reacts  with  free  amino  groups 
liberating  nitrogen  gas  which  can  be  collected  and  measured  (for  reac- 
tion see  page  123).  It  is  found  that  the  amount  of  nitrogen  deplaceable 
from  a  protein  by  nitrous  acid  is  a  very  small  fraction  (5  to  8^)  of  the 
total  nitrogen,  but  that  as  hydrolysis  proceeds  and  the  amino  groups  be- 
come free,  the  amount  steadily  increases.  All  of  these  methods,  then, 
prove  beyond  question  that  the  amino-acids  have  most  of  their  amino 
groups  combined  and  that  they  are,  therefore,  probably  linked  through 
the  amino  groups. 

That  the  carboxyl  groups  also  are  in  combination  in  the  protein  and 
few  of  them  free  is  shown,  in  the  first  instance,  by  the  fact  that  the 
power  of  the  protein  to  combine  with  alkali  increases  as  the  hydrolysis 
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proceeds.  It  may  be  shown  also  by  the  method  of  Dakin.  By  the  action 
of  dilute  alkali  on  protein  a  decrease  in  the  rotatory  power  results  and 
the  subsequent  acid  hydrolysis  of  the  protein  thus  acted  upon  yields  the 
racemic  form  of  nearly  all  the  amino-acids  (page  126).  There  are  only 
a  few  amino-acids  in  such  hydrolyses  which  have  not  been  racemized  by 
the  alkali.  Now  since  the  acids  having  free  carboxyl  groups  do  not 
racemize,  the  fact  that  most  of  them  are  racemized  by  alkali  treatment 
of  the  proteins  shows  that  the  great  majority  of  the  carboxyls  must  have 
been  united  with  something  in  the  molecule. 

Since  the  great  majority  of  both  the  carboxyl  and  amino  groups  of 
the  protein  molecule  are  combined,  it  is  probable  that  they  have  com- 
bined with  each  other. 

Molecular  weight  of  the  proteins. — ^We  may  now  ask  the  question 
how  large  is  the  molecule  of  protein?  How  many  of  these  amino-acids 
does  a  molecule  have  in  it?  This  is  a  very  difficult  question  to  answer 
for  the  majority  of  the  proteins,  but  for  a  few  of  them  it  may  be 
answered  with  a  considerable  degree  of  probability.  There  is  no  doubt 
that  the  molecular  size  of  the  great  majority  of  the  proteins,  of  all  the 
natural  proteins,  is  very  large.  This  is  shown  by  the  fact  that  they  will 
not  diffuse  through  parchment  paper.  They  are  colloidal  in  aqueous 
solution.  This  means  that  the  diameter  of  their  molecules  is  certainly 
more  than  l/</^.  Even  protamine,  which  is  in  many  ways  the  simplest  of 
the  proteins,  is  colloidal.  It  might  be,  however,  that  the  proteins  were 
colloidal  in  water  but  not  in  other  solvents.  Soap  is  colloidal  in  water, 
but  not  in  alcohol.  The  molecular  size  of  the  proteins  in  other  solvents 
than,  water  has  hardly  been  investigated.  It  is  possible  that  in  water 
several  simple  protein  molecules  might  aggregate  by  processes  known 
as  association  to  form  large  complexes,  just  as  many  simple  substances, 
such  as  alcohol  or  acetic  acid,  associate  to  form  double  or  triple  mole- 
cules. The  molecular  size  of  the  proteins  dissolved,  for  example,  in 
formamide,  if  they  will  dissolve  in  it,  should  be  investigated.  While 
it  is  possible  for  the  reason  just  stated  that  the  large  molecular  size  of 
the  proteins  when  dissolved  in  water  does  not  necessarily  mean  that  the 
individual  molecules  of  the  protein  are  large,  there  are  other  reasons 
which  make  such  a  conclusion  practically  inevitable.  There  are  several 
different  ways  in  which  the  molecular  weight  may  be  determined  both 
by  indirect  and  direct  methods.  The  results  obtained  by  these  two 
methods  are  in  very  good  agreement.  We  will  consider  the  indirect 
methods  first. 

Calculation  from  the  sulphur  content.  The  crystalline  form  of  sev- 
eral of  the  proteins  is  so  distinct  and  constant  that  we  may  assume  that 
these  represent  chemical  individuals.  On  repeated  precipitations  they 
do  not  change  their  form  or  composition.    Many  of  these  proteins  have 
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the  sulphur  largely  in  the  form  of  cysteine.  Perhaps  it  is  altogether  in 
that  form  in  some.  It  is  probably  present  in  other  forms  than  cysteine, 
perhaps  as  cystine  in  others.  If  there  is  one  molecule  of  cystine  in  a 
molecule  of  protein  there  must  be  two  atoms  of  sulphur  to  each  protein 
molecule.  Two  atoms  of  sulphur  have  a  molecular  weight  of  64.  If 
there  is  1  per  cent,  of  sulphur  in  the  molecule,  the  molecular  weight  of 
such  a  protein  would  be  at  least  6,400.  If  there  was  0.5  per  cent.  S,  the 
molecular  weight  would  be  12,800.  The  following  computations  of  the 
molecular  weights  and  formulas  of  various  plant  and  animal  proteins 
were  made  by  Osborne  from  the  sulphur  on  the  basis  that  there  were  two 
or  more  atoms  of  S  to  the  molecule. 
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Proteins. 

Composition 

Formula 

C 

H 

N 

S 

Fe 

P 

0 

C 

H 

N 

S 

Fe 

P 

4 
4 

0 

1^ 

6.90 
6.95 

7.a6 

6  80 

7  01 
6.86 
6.92 

7.20 
6.83 
7.01 

6  90 

7  10 
7.18 
7  01 
6.65 
7.09 
7.11 
7  06 
7.18 

18.90 
18.04 
16.13 
17.81 
18.65 
17.66 
18  30 

16.89 
16.92 
15.85 
10  66 
15.51 
15  77 
15.93 
15.88 
1738 

ro.ss 

15.78 
16.23 

0.429 
0  385 
0.600 
0  847 
0  88 
1.027 
1.086 

0.42 

1.10 

1.11 

1.25 

1.616 

173 

1.9.30 

2.25 

0.39 

0.5U8 

0.800 

1.028 

38.471 
22.905 

Amandin 

Le^umin 

638 
718 
736 
675 
622 
686 
642 

700 
645 
628 
679 
696 
644 
662 
084 
758 
7.58 
708 
671 

1030 
1158 
1161 
1014 
1020 
1068 
1018 

1098 
1004 
1002 
1062 
1123 
1064 
1051 
1045 
1181 
1185 
1130 
1112 

208 
214 

184 
181 
193 
196 
192 

184 
178 
160 
183 
175 
166 
171 
178 
207 
195 
180 
182 

2 
2 
3 

4 
4 
5 
5 

2 
5 
5 
6 
8 
8 
9 
11 
2 
3 
4 
5 

i 
1 

809 
838 
208 
194 
201 
211 
198 

196 
207 
209 
207 
220 
214 
207 
225 
210 
219 
224 
227 

14922 

51  7:2 

16648 

55.2:i 
54  d9 

20  78 

1B983 

20.53 
22.10 
81.733 
21.514 

20.51 

28  48 

23.32 

22.26 

23.024 

23.13 

22.14 

S2  95 

20.165 

21.036 

22.37 

23.242 

tlordein 

14880 

51.36 
58.72 
5218 

54  98 

Edi'scin.         

14530 

15568 

14738 
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From  the  foregoing  figures  it  is  clear  that  if  the  proteins  in  question 
are  individuals  their  molecular  weight  is  certainly  high.  In  the  case  of 
hemoglobin  it  will  be  seen  that  the  computation  of  the  molecular  weight 
on  the  assumption  that  there  is  one  molecule  of  cystine  gives  the  same 
result  for  horse  hemoglobin  as  the  assumption  of  one  atom  of  iron  in 
the  molecule;  for  dog  hemoglobin,  however,  it  is  necessary  to  assume 
that  there  are  three  sulphur  atoms  in  the  molecule,  which  would  mean 
one  molecule  of  cystine  and  one  molecule  of  some  other  sulphur  com- 
pound, possibly  cysteine.  The  molecular  weight  might,  of  course,  be 
some  multiple  of  these  figures. 

Computation  of  the  molecular  weight  of  hemogloMn  from  the  oxygen 
compound.  That  the  molecular  weight  of  oxyhemoglobin  is  approxi- 
mately that  indicated  in  the  foregoing  table  is  shown,  also,  by  a  calcu- 
lation of  the  molecular  weight  from  the  number  of  grams  of  oxygen  or 
carbon  monoxide  taken  up  by  a  gram  of  hemoglobin,  assuming  that  each 
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molecule  of  hemoglobin  combines  with  one  molecule  of  the  gas.  The 
molecular  weight  of  the  carbon-monoxide  hemoglobin  is  given  by  the 
ratio  28 :  X : :  a :  1,  where  a  is  the  weight  of  carbon  monoxide  combined 
in  one  gram  of  carbon-monoxide  hemoglobin,  and  x  the  molecular 
weight  of  the  hemoglobin.  Hiifner  found  that  one  grain  of  the  carbon- 
ujonoxide  hemoglobin  contains  1.338  c.c.  of  CO  computed  at  0°  and  760 
mm.  pressure,  or  .0016745  gram.  From  this  the  molecular  v/eight  of 
the  carbon-monoxide  hemoglobin  is  computed  as  16,669  (.0016745: 
1 : :  28 :  M).  This  figure  agrees  almost  exactly  with  that  computed  from 
the  sulphur  and  iron.  It  is  also  in  agreement  with  the  direct  deter- 
mination of  the  molecular  weight  made  from  the  osmotic  pressure.  Com- 
puting from  the  heat  of  formation  of  one  gram  of  oxyhemoglobin  from 
hemoglobin  and  oxygen,  Bareroft  and  Hill  found  the  molecular  weight 
to  be  15,200. 

Direct  determination  of  molecular  weight  by  the  osm,otic  pressure 
method.  The  determination  of  the  molecular  weight  of  proteins  cannot 
be  made  by  the  boiling-point  method  because  most  of  the  proteins  coagu- 
late or  change  on  boiling.  The  freezing-point  method  also  is  not  sufS- 
ciently  accurate  for  such  large  molecules.  There  are  two  methods  which 
may  be  used:  the  osmotic-pressure  method,  and  the  measurement  of  the 
vapor  pi-essure  at  lower  temperatures  than  boiling  by  the  method  re- 
cently introduced  by  Menzies.  The  determination  of  the  molecular 
weight  of  hemoglobin  has  been  made  by  measuring  the  osmotic  pressure 
of  solutions  of  known  strength  of  hemoglobin.  The  only  real  difficulty 
in  this  method  consists  in  getting  perfectly  tight  membranes  which  are 
truly  semipermeable,  that  is  membranes  which  readily  pass  the  solvent 
but  not  the  solute  through  them.  Hiifner  and  Gansser  used  the 
apparatus  in  Figure  14.  The  solution  of  hemoglobin  is  brought  into 
the  diffusion  shell  of  Schleicher  and  SchuU  which  is  closed  and  con- 
nected with  a  mercury  manometer.  The  diffusion  shell  is  then  placed 
in  water  and  by  osmosis  the  water  enters  the  solution,  forcing  the 
mercury  up  until  the  pressure  becomes  so  high  that  it  presses  just  as 
much  water  out  as  that  which  enters.  The  principle  of  the  method  is 
that  a  solution  which  contains  in  a  liter  an  amount  of  the  substance  equal 
in  grams  to  the  molecular  weight  will  have  a  pressure  at  0°  of  22.41 
atmospheres.  A  half-molecular  solution  which  has  only  an  amount  of 
substance  equal  to  half  a  molecular  weight  has  half  this  pressure,  and 
so  on.  It  is  only  necessary  then  to  measure  the  osmotic  pressure  of  the 
hemoglobin  at  0°  or  some  other  temperature  to  find  what  fraction  this  is 
of  22.41  atmospheres  or  the  corresponding  osmotic  pressure  at  the  tem- 
perature employed  for  the  hemoglobin,  and  divide  the  weight  of  hemo- 
globin dissolved  in  one  liter  of  solution  by  this  fraction  to  get  the 
molecular  weight.    The  formula  is  as  fpllows; 


THE   PROTEINS 


141 


M  = 


22.41(1  4- 0.00366t)760.o 


In  this  formula  (1+0.003661)  is  the  temperature  correction,  since  the 
osmotic  pressure  increases  with  the  temperature,  t  is  the  temperature 
at  which  the  determination  is  made;  c  is  the  concentration  of  the  solute 
in  grams  in  one  liter  of  solution;  and  p'  is  the  osmotic  pressure  of  the 


Fig,  14. — Osmometer  for  determining  the  osmotic  pressure  of  oxybemoglobiu  solutions 
(HUfner  and  (Jansser).  a,  diffusion  cell  containing  oxyhemoglobin  solution  run  in  through 
(,  h,  and  r;  6^  manometer  for  measuring  osmotic  pressure;  w,  beaker  containing  water. 
Fig.   11.  Detail  of  cock  o. 


solution  if  it  had  not  been  diluted  from  the  volume  v  to  v'  by  the 
entrance  of  water.  The  correction  is  of  course  a  small  one.  It  took 
several  hours  for  the  pressure  to  reach  its  maximum  and  it  remained 
at  this  maximum  for  several  hours.  Some  of  the  results  obtained  are 
given  in  the  following  table: 
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c  t  p  V  v'    p'  =  pv'/v      M       Kind  of  hemoglobin, 

mm.  Hg.  mm.  Hg. 

52.72     10°       62.7     23.5  23.6       62.97     14,780 

10        58.5  68.73     13,840      Horse  Hb. 


108.0  1  109.0  23.7       109.9  16,790 

109.2  1  114.9                             115.9  16,110 

216.0  1  198.0  23.9       201.0  18,370 

2](i,0  1  224.0                            227.8  16,210 


Ox  Hb. 


The  mean  value  of  all  the  determinations  gave  for  horse  hemoglobin 
the  molecular  weight  of  15,115  and  for  ox  Hb  16,321. 

This  direct  determination  confirms  fully  the  determinations  by  the 
other  method  and  leaves  very  little  doubt  that  the  molecular  weight  of 
hemoglobin  is  really  about  16,693.  It  should  be  mentioned,  however, 
that  Weymouth  Eeid  by  the  osmotic-pressure  method  got  48,000  and 
Roaf  32,000  as  the  molecular  weight  of  oxyhemoglobin.  It  is  probable 
from  these  numbers  that  in  both  these  cases  some  association  of  the 
hemoglobin  had  occurred  giving  Roaf  double  molecules  and  Reid  triple 
molecules.  16,693  is  the  minimum  molecular  weight  if  there  is  one  atom 
of  iron  to  each  molecule. 

But  while  these  results  are  so  concordant  and  striking  there  is  one 
fact  which  is  not  apparently  in  harmony  with  this  determination;  or 
at  any  rate  it  is  as  yet  unexplained.  The  molecular  weight  of  casein 
when  dissolved  in  formamide  was  found  to  be  only  about  400.  In  the 
same  solvent  starch  had  a  weight  of  645,  corresponding  to  a  tetra- 
saccharide.  A  molecular  weight  of  400  would  be  a  tri-peptide.  Further 
investigation  of  the  molecular  weight  of  casein  and  other  proteins  in 
this  solvent  should  be  made.  In  water  there  is  no  doubt  but  that  the 
molecular  weight  is  far  higher  than  this. 

How  many  amino-acids  would  there  ie  in  a  molecule  of  protein  f  If 
the  molecular  weight  of  casein  is  16,000  it  must  have  at  least  120  amino- 
acids  in  it  since  the  average  weight  of  a  molecule  of  amino-aeid  is  about 
130.  Some  15  different  acids  have  been  separated  from  casein,  so  that 
on  the  average  there  would  be  about  seven  molecules  of  each  kind.' 
If  the  molecule  has  this  size  and  so  many  acids,  it  will  be  seen  that 
there  may  be  an  astonishing  number  of  caseins  possible.  They  might 
differ  from  each  other  in  the  order  or  the  amount  in  which  the  amino- 
acids  occur  in  the  molecule;  or  the  acids  might  be  isomers.  One  might 
have  leucine  and  another  iso-leucine.  In  fact,  the  number  of  amino- 
acids  is  so  great  that  by  modifying  the  proportion  of  those  present  in 
different  proteins,  or  by  modifying  the  arrangement  of  them  in  the  mole- 
cule, or  by  the  introduction  of  optical  isomers  practically  an  infinite 

'  Recent  indirect  determinations  of  the  molecular  weight  of  casein  by  Van 
Slyke  indicate  that  the  molecular  weight  of  casein  is  about  half  this  amount,  or 
about  8,000. 
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number  of  combinations  is  possible  It  is  this  great  diversity,  combine'! 
of  course  with  the  diversity  in  the  lipins  and  carbohydrates,  which  has 
made  possible  the  very  large  number  of  different  kinds  of  organisms 
on  the  earth. 

Crystallized  proteins. — ^A  very  interesting  crystallized  protein  has  been  ob- 
tained (Katake  and  Knoop)  from  the  milk  of  Antiaris  toxicaria,  the  poisonous 
Upas  tree  of  Java,  by  extraction  with  85  per  cent,  alcohol,  drying  the  extract  and 
then  cooking  out  the  extract  with  0.8  per  cent,  acetic  acid.  On  evaporating  the 
extract  the  protein  crystallizes  out  in  needles  and  prisms.  Recrystallized  from  hot 
water,  the  crystals  are  eventually  obtained  of  uniform  appearance  containing  15.73 
per  cent,  of  water.  The  ash-free  crystals  are  small,  solid  polyhedra.  They  react 
acid  in  solution.  They  give  all  protein  reactions  including  sulphur,  except  Molisch. 
The  solution  is  not  precipitated  by  picric  or  nitric  acids,  nor  by  ferrocyanide  and 
acetic  acid,  but  is  precipitated  by  phosphotungstic  acid.  Dissolved  in  glacial  acetic 
acid,  the  substance  shows  the  Tyndall  phenomenon  of  scattering  a  beam  of  light. 
It  is,  therefore,  colloidal  in  this  solution.  The  rotation  is  (o)j,  = — 19.25°.  The 
composition  was  C,  48.02;  H,  5.71;  N,  15.65;  S,  7.20;  O,  23.47.  It  contains  more 
sulphur  than  any  other  protein.  If  there  is  only  one  molecule  of  cystine  present  in 
the  molecule,  the  minimum  molecular  weight  would  be  900.  It  certainly  yields  on 
hydrolysis  cystine,  lysine,  glycocoll,  alanine,  proline  and  valine. 

C  H         N        S         0 

Computed  for   (C    H    N    S  O    )        48.27;  5.63;  15.69;  7.16;  23.25 

^  *     36     60     10    2     13' n  '  '  '  ' 

Found  48.02;  5.71;   15.65;  7.20;  23.42 

Water  of  crystallization  found  15.73  per  cent.  Computed  for  the  above  formula 
with  9H^0,  15.35  per  cent. 

Distribution  of  nitrogen  in  the  protein  molecule. — The  analysis  of 
the  proteins  by  hydrolysis  and  the  quantitative  isolation  of  the  various 
amino-acids  is  exceedingly  laborious  and  requires  a  very  large  amount 
of  material.  Shorter  methods  have  been  devised  to  give  a  general  idea  of 
the  nitrogen  distribution  between  various  amino-acids  and  which  are  ap- 
plicable to  as  little  material  as  2  grams.  The  best  of  these  methods  is  the 
group  method  perfected  by  Van  Slyke.  The  total  nitrogen  of  the  protein 
molecule  may  be  divided  into  four  main  groups,  namely,  ammonia  nitro- 
gen, amino  N,  imino  N  and  basic  N.  These  groups  are  determined  in  the 
following  way :  During  the  acid  hydrolysis  of  the  proteins  the  acid  amide 
nitrogen  is  split  off  as  ammonia.  It  is  determined  by  getting  rid  of  the 
acid  of  the  hydrolysate,  making  the  solution  faintly  alkaline  with  lime, 
and  distilling  off  the  NH3  under  diminished  pressure.  The  material  freed 
from  ammonia  and  filtered  to  remove  excess  lime  and  some  melanine?-" 
is  precipitated,  after  acidification,  with  phosphotungstic  acid.  This 
precipitates  the  basic  amino-acids,  arginine,  lysine  and  histidine,  and 
cystine.    The  nitrogen  determined  in  this  precipitate  is  called  the  basic 

'  The  melanine  is  formed  chiefly  from  tryptophane  reacting  with  some  aldehyde. 
Tyrosine  may  contribute  a  little  also.     (Holm  and  Gortner.) 
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nitroeren.  A  portion  of  the  filtrate  from  this  precipitate,  after  removal 
of  excess  phosphotungstic  acid  and  neutralization,  is  treated  with  nitrous 
acid  by  the  Van  Slyke  method.  This  liberates  the  nitrogen  present  as 
free  amino  groups.  The  nitrogen  is  collected  and  measured.  This  is  the 
amino  N.  It  comes  from  the  monoamino  acids.  Another  portion  of  the 
filtrate  has  the  total  nitrogen  determined  by  Kjeldahl  and  the  difference 
between  this  and  the  amino  nitrogen  gives  the  imino  nitrogen,  namely 
that  in  proline,  oxyproline  and  one-half  of  tryptophane  nitrogen.  The 
method  has  been  still  further  refined  by  Van  Slyke  to  permit  a  determi- 
nation of  the  different  basic  amino-acids  and  some  of  the  others.  Some  of 
the  results  he  has  obtained  in  the  examination  of  different  proteins  are 
embodied  in  the  accompanying  table.  The  nitrogen  which  is  evolved 
when  non-hydrolyzed  proteins  are  treated  by  nitrous  acid  comes  from 
the  f-amino  group  of  lysine,  which  is  thus  shown  to  be  free  in  the  mole- 
cule.   The  a-amino  group  of  lysine  is  combined. 

Pebcentage  of  the  Total  Nitrogen  of  Vabious  Pboteins  Present  in  Various 
Amino-acids   (Van  Slyke). 
Gliadin 

Ammonia   N    25.52 

Melanin  N    0.86 

Cystine  N 

Arginine  N 

Histidine  N 

Lysine  N        I  0.75 

Amino  N  of  the  filtrate 51.98 

Non-amino  N  of  the  filtrate 
(proline,  oxyproline,  y^ 
tryptophane)     8.50         1.7  3.1         14.9  2.7  3.8  2.9 


1.25 

•„     -    ..  5.71 

!■  Basic  N 5  20 


Bdestin 
9.99 

Hair 
(Dog) 

10.05 

Gelatin 
2.25 

Fibrin 
8.32 

Hemo- 
cyanin 

5.95 

Ox  hem- 
oglobin 

5.24 

1.98 

7.42 

0.07 

3.17 

1.65 

3.6 

1.49 

6.60 

0.0? 

0.99 

0.80 

0.? 

27.05 

15.33 

14.70 

13.86 

15.73 

7.7 

5.75 

3.48 

4.48 

4.83 

13.23 

1^.7 

3.86 

5.37 

6.32 

11.51 

8.49 

10.9 

47.55 

47.5 

56.3 

54.3 

51.3 

57.0 

Sum   99.77       99.37       98.85       99.U:i       99.58     100.95     100.0 

Color  reactions  of  the  proteins. — The  proteins  yield  colored  products 
when  acted  upon  by  various  reagents,  and  these  colors  are  utilized  in 
detecting  the  presence  of  protein  matter  in  solutions  and  body  fluids, 
and  in  determining  easily  the  presence  or  absence  of  some  amino-aeids 
from  the  molecule.  The  most  characteristic  of  these  reactions,  that  is 
the  reaction  given  by  all  native  proteins  and  by  the  larger  number  of 
the  derived  products,  is  the  biuret  reaction.  It  is  not,  however,  so 
delicate  as  some  of  the  others. 

The  tiuret  reaction.  If  a  solution  of  a  protein  is  made  alkaline, 
preferably  by  sodium  or  potassium  hydrate,  and  a  drop  or  two  of  dilute 
cupric  sulphate  solution  is  added,  well  mixed  and  allowed  tp  stand  at 
room  temperature,  or  if  it  is  gently  heated,  the  clear  fluid  above  any 
precipitate  which  may  be  formed  has,  if  a  protein  is  present,  a  violet 
tinge.  The  reaction  is  most  delicate  when  made  at  room  temperature, 
but  it  may  be  hastened  by  heating,  only  in  some  cases  the  color 
is  destroyed  by  heat.    The  shade  of  the  color  varies  from  a  reddish  violet 


THE    PROTEINS  145 

in  the  case  of  some  peptones,  or  simple  peptides,  to  a  blue  violet  in  many 
otiier  proteins.  Sometimes  in  the  presence  of  certain  gums  which  are 
precipitated  by  the  copper,  the  color  may  be  on  the  precipitate,  but  this 
is  the  exception. 

The  reaction  is  called  the  biuret  reaction  for  the  reason  that  it  is 
given,  also,  by  biuret,  a  substance  NH, — CO — NH — CO — NHj  formed 
by  the  condensation  of  two  molecules  of  urea  (hence  biurea,  or  biuret) 
with  the  elimination  of  ammonia. 

0  =  C/NH    +0  =  C/NH  _     NH-C-N-C_NH+m 

W:  +  \NH:         —  il  J    g 

Biuret  is  easily  made  by  heating  a  few  crystals  of  urea  in  a  dry  test- 
tube  to  a  little  above  their  melting  point  and  cooling  when  the  odor  of 
ammonia  is  perceived.  The  biuret  may  be  detected  by  the  biuret  test. 
The  fact  that  biuret  gives  this  reaction  shows  that  the  reaction  is  not 
peculiar  to  the  proteins.  Many  other  substances  give  this  reaction* 
Schiff  has  shown  that  any  diacid  amide  in  which  the  two  amide  groups 
are  not  attached  to  the  same  carbon  will  give  the  reaction.  Thus  oxa- 
mide,  NHj — CO — CO — NHj,  or  malonamide  react.  One  of  the  ainide 
groups  must  be  unsubstituted,  but  the  other  may  be  substituted  as  it 
always  is  in  the  protein  molecule.  Thus  NHj — CO — CO — NHR  will  give 
the  reaction.  Asparagine,  the  amide  of  aspartic  acid,  gives  a  blue-violet 
biuret  reaction.  In  this  case  we  have  COOH — CHj — CHNHj — CONHj, 
which  is  not  a  diacid  amide.  The  reaction  may,  however,  be  due  to  the 
formation  of  an  amino  compound  by  a  kind  of  lactone  (lactam)  forma- 
tion thus 

NH 


0  —  C— CH  — CH— CONH  „. 


We  would  thus  have  two  acid  amide  groups,  one  of  them  free.  Similarly 
leucine  amide  gives  with  sodium  hydrate  and  cupric  sulphate  a  red 
salt-like  compound  in  red  crystals  (Bergell  and  Busch).  Succinimide 
also  forms,  in  similar  circumstances  in  the  presence  of  potassium  hydrate, 
reddish  needles  fairly  stable  in  the  solid  form  and  of  the  composition 

(/CO-CH  X 
^CO— CH  / 

2 

but  which  are  readily  decomposed  in  aqueous  solution  by  acids.  The 
rubidium  and  crssium  salts  are  red  violet ;  the  sodium  salt  pale  blue ;  the 
lithium  salt  ultramarine.  All  of  these  are  supposed  to  be  derived  from 
the  hypothetical  acid 


(,co— CH  \ 
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Schiff  isolated  the  biuret  potassium  compound  in  red  needles  to  which 
he  ascribed  the  formula.- 

OH  OH 

tin — cu ^i^H 

0  =  C<        "  "^0  =  0 

\\TTJ  VTX3    < 


NH  r,„  NH  \         ^ 

°^  HOv  >C  =  0 

/nh/ 


2  /  Z 

\ 

Among  other  substances  giving  the  reaction  are  urobilin,  a  coloring 
matter  derived  from  the  bile  and  found  in  the  urine  (Stokvis,  Salkow- 
ski) .  It  may  be  mentioned  that  strongly  basic  proteins  which  are  already 
alkaline  in  their  aqueous  solution,  such  as  the  protamines  and  pro- 
tones  (Goto),  will  give  the  biuret  reaction  without  any  addition  of 
alkali. 

Prom  the  foregoing  we  may  conclude  that  the  proteins  give  this  reac- 
tion because  they  contain  at  least  one  acid  amide  group  and  other  substi- 
tuted amide  groups  attached  to  neighboring  carbon  atoms.  If  the  pro- 
teins are  deamidized,  that  is  if  the  free  amide  groups  are  split  ofif  by 
the  action  of  strong  acid,  the  product  which  remains  does  not  give  the 
biuret  reaction,  although  it  is  still  a  protein,  digestible  by  trypsin  and 
other  enzymes  and  giving  other  protein  reactions.  All  native  proteins, 
therefore,  since  they  give  the  reaction,  contain  some  acid  amide  nitrogen. 
The  biuret  reaction,  unlike  all  the  other  color  reactions,  is  not  a  reaction 
for  any  specific  amino-acid,  but  rather  is  dependent  on  the  constitution 
of  the  proteins. 

The  color  of  the  biuret  test  is  due  probably  to  the  copper  atom.  Many 
copper  compounds  are  blue  and  others,  like  the  metal  itself  or  cuprous 
oxide,  are  red.  It  is  probable  that  in  the  blue  compounds  the  copper 
atom  is  in  a  different  state  from  what  it  is  in  the  red  form,  possibly 
being  partially  reduced,  consequently  the  valence  electrons  have  a  dif- 
ferent period  of  vibration  so  that  the  light  absorption  is  changed.  As 
this  state  of  the  atom  may  be  induced  by  a  great  number  of  compounds, 
it  is  clear  that  the  biuret  test  cannot  be  a  specific  test  for  proteins,  or 
for  any  particular  class  of  bodies. 

Since  the  color  change  depends  on  an  alteration  of  the  state  of  the 
copper  atom,  it  may  be  anticipated  that  other  metals  having  several 
stages  of  oxidation  and  different  colors  and  which  combine  with  amino 
groups  may  also  give  a  similar  reaction.  This  is  the  case.  Pickering 
found  that  cobalt  salts  also  might  be  used  for  the  biiiret  test,  and  the 
reaction  is  even  more  delicate  than  with  copper.  Zinc,  iron  and  man- 
ganese gave  no  color  change. 

union's  reaction.    This  reaction,  consists  in  the  development  of  a 
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red  color,  when  a  protein  is  heated  or  allowed  to  stand  some  time  in 
contact  with  a  mixture  of  mercuric  nitrite  and  nitrate.  If  a  few  drops 
of  Millon's  reagent  is  added  to  a  solution,  or  suspension,  of  many  pro- 
teins and  this  is  heated,  the  protein  is  precipitated  and  the  precipitate 
after  a  time  turns  red.  To  make  Millon's  reagent  dissolve  1  part  by 
weight  of  mercury  in  2  parts  concentrated  nitric  acid  and  dilute  with 
twice  its  bulk  of  water,  allow  the  precipitate  to  settle  and  use  the  super- 
natant liquid.  The  protein  does  not  need  to  be  in  solution  for  this 
reaction  and  it  may  hence  be  used  for  the  detection  of  proteins  in  sec- 
tions of  tissues.  The  color  is  not  deep  enough  for  a  good  microscopic 
stain.  In  place  of  Millon's  solution,  which  contains  a  good  deal  of  free 
acid,  Nasse  recommends  that  an  aqueous  solution  of  mercuric  acetate  be 
used,  to  which  at  the  time  of  using  there  is  added  a  few  drops  of  a 
1  per  cent,  solution  of  sodium  or  potassium  nitrite.  It  is  usually  not 
necessary  to  acidify,  but  the  addition  of  a  little  acetic  aeid  to  the  above 
solution  is  sometimes  advantageous. 

The  Millon  reaction  is  given  by  all  organic  compounds  containing 
a  monohydroxy  benzene  nucleus.  It  is  hence  given  by  phenol,  salicylic 
aeid  and  many  other  substances.  It  is  not  given  by  a  di-  or  tri-hydroxy 
phenol  unless  one  of  the  hydfoxyls  is  substituted,  as  in  esters  or  ethers. 
Since  the  only  group  thus  far  recognized  of  the  protein  molecule  which 
contains  a  monohydroxy  benzene  ring  is  the  tyrosine  group,  this  reac- 
tion when  applied  to  proteins  detects  the  presence  of  this  group.  As  not 
all  proteins  contain  tyrosine,  for  example  pure  gelatin  and  various  pro- 
tamines, not  all  proteins  give  the  reaction.  It  is  a  good  deal  more 
delicate  than  the  biuret  reaction  and  the  presence  of  proteins  when  the 
dilution  is  great  may  be  detected  by  this  and  the  xantho-proteic  reac- 
tion, when  the  biuret  test  quite  fails  to  show  their  presence. 

The  character  of  the  colored  compound  formed  has  been  studied  by 
Vaubel.  The  color  probably  involves  the  state  of  oxidation  of  the  mer- 
cury atom,  since  many  mercury  compounds  are  red  (cinnabar). 

Millon's  reaction  is  interfered  with  by  hydrogen  peroxide,  chlorides 
and  by  alcohol.  If  these  are  present  it  is  necessary  to  use  an  excess  of 
reagent. 

Xantho-proteic  reaction.  This,  as  the  name  says.  Is  the  yellow  reac- 
tion of  proteins  (Greek,  xanthos,  yellow).  In  contact  with  nitric  acid 
most  proteins  develop  a  lemon-yellow  color  which  changes  to  an  orange 
when  the  solution  is  made  alkaline.  The  protein  either  in  solution  or 
suspension  is  heated  with  a  few  drops  of  concentrated  nitric  acid  to 
6  e.c.  of  water  in  the  test-tube  for  from  one  to  three  minutes,  cooled  and 
ammonia  or  sodium  hydrate  added  to  an  alkaline  reaction. 

This  reaction  is  due  to  the  benzene  nuclei  in  the  molecule.  The  reac- 
tion is  given  by  tyrosine,  phenyl  alanine  and  by  tryptophane,  the  three 
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amino-acids  contained  in  proteins  having  benzene  nuclei.  Trypto- 
phane gives  the  reaction  most  intensely  and  easily ;  then  tyrosine ;  whereas 
phenyl  alanine  requires  a  longer  heating,  or  more  nitric  acid.  Proteins 
which  lack  these  three  groups,  for  example  salmin,  sturin  and  clupein 
among  the  protamines,  do  not  give  the  xantho-proteic  reaction. 

The  mechanism  of  the  reaction  consists  in  the  formation  of  a  mono- 
nitro  benzene,  or  possible  a  dinitrobenzene.  The  nitrated  benzenes  such 
as  picric  acid,  C8H2(N02)30H,  are  light  yellow  in  acid  solution,  but  a 
deep  orange  in  the  salt  form.  Such  nitro  derivatives  are  formed  in  the 
course  of  the  reaction.  These  nitrobenzenes  are  all  toxic  and  are  some- 
times used  as  dyes  (Martins  Yellow)  for  coloring  macaroni  and  other 
foodstuffs,  although  their  use  is  forbidden  in  most  countries.  The  yellow 
color  is  probably  due  to  the  NO2  groups  (vibration  periods  of  the  elec- 
trons of  the  valences  of  the  nitrogen  or  oxygen) ,  since  some  of  the  nitro- 
gen oxides  are  brown  or  reddish  yellow. 

Tryptophane  reactions.  Tryptophane,  containing  as  it  does  the 
indole  group,  is  the  chromogenic  radicle  of  the  protein  molecule  par 
excellence.  Tryptophane  and  tyrosine  are  the  protein  nuclei  which  give 
rise  in  their  metabolism  to  most  of  the  body  pigments,  such  as  the  blood 
pigment  (pyrrol  nucleus),  bile  pigments  (pyrrol  from  tryptophane), 
melanins  and  reds  from  tyrosine,  etc.  Tryptophane,  as  its  name  implies, 
i.e.,  the  bright  (Gr.  phanos,  bright)  substance  formed  in  the  course  of 
tryptic  digestion,  readily  yields,  like  indole,  a  series  of  bright  colors, 
reds,  violets,' blues,  when  oxidized.  There  are  a  number  of  color  reactions 
which  depend  on  the  presence  of  tryptophane  and  among  these  is  the 
Adamkiewicz  reaction. 

Adamkiewicz  reaction.  If  to  a  few  c.c.  (2-3)  of  a  protein  solution 
one  adds  an  equal  quantity  of  glacial  acetic  acid  and  then  4-5  c.c.  of 
concentrated  sulphuric  acid,  at  the  zone  of  contact  a  violet  ring  forms 
in  the  presence  of  a  protein  containing  tryptophane;  If  the  tube  is 
shaken,  the  violet  color  generally  develops  all  through  the  solution  if 
not  too  much  sulphuric  acid  has  been  used.  This  reaction  depends  on 
the  presence  of  aldehydes  in  the  glacial  acetic  acid.  It  has  been  found 
(Hopkins  and  Cole)  that  most  samples  of  glacial  acetic  acid  which  have 
stood  some  time  contain  some  glyoxylic  acid,  HCO.COOH.  It  is  said 
that  some  samples  of  glacial  acetic  acid  will  not  give  Adamkiewicz  reac- 
tion, although  the  writer  has  never  seen  any  such.  The  test  may  be 
performed,  therefore,  by  using  glyoxylic  acid  in  place  of  glacial  acetic. 
The  glyoxylic  acid  is  easily  made  by  reducing  oxalic  acid  with  powdered 
magnesium.  An  equal  volume  of  this  acid  (Hopkins-Cole  reagent)  is 
added  to  the  solution  in  the  place  of  the  glacial  acetic  and  the  test  per- 
formed otherwise  in  the  same  manner.  The  role  of  the  glyoxylic  acid  is 
not  explained,  but  it  possibly  consists  in  hastening  the  oxidation  of  the 
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tryptophane  or  condensing  with  it  in  the  presence  of  acid  to  give  the 
color. 

Other  aldehydes  may  be  used  in  this  test  besides  glyoxylic  acid. 
Formaldehyde  has  been  suggested  by  Rosenheim  and  Acree.  In  fact, 
this  reaction  is  used  for  the  detection  of  formaldehyde  in  milk  and  is 
01  very  great  delicacy.  Casein,  the  protein  in  milk,  contains  relatively 
a  large  amount  of  tryptophane  in  its  molecule.  If  a  little  formaldehyde 
is  added  to  milk  and  the  milk  does  not  stand  long  enough  for  the  for- 
maldehyde to  have  united  with  the  free  amino  groups  of  the  milk  pro- 
teins, the  addition  of  strong  hydrochloric  acid  containing  a  trace  of 
iron,  or  of  sulphuric  acid  with  iron,  leads  to  the  development  of  a  violet 
color.  It  has  been  recently  suggested  by  Cole  that  perhaps  the  Adamkie- 
wicz  reaction  is  due  to  the  presence  of  formaldehyde  in  the  glacial  acetic 
acid  rather  than  to  the  glyoxylic  acid.  Perhaps  other  aldehydes  will 
act  similarly. 

Liebermann's  reaction.  Another  color  reaction  involving  trypto- 
phane is  that  of  Liebermann  when  carried  out  in  the  manner  originally 
prescribed  by  him.  Liebermann  found  that  protein  treated  first  with 
alcohol  and  ether  and  then  with  hydrochloric  acid  developed  often  (a 
violet  or  bright  blue  color.  This  reaction  is  probably  due  to  the  pres- 
ence of  aldeiiydes  in  the  alcohol  and  ether  (Cole)  which  combine  with 
the  protein  and  on  subsequent  heating  with  strong  hydrochloric  acid 
develop  the  tryptophane  reaction.  If  the  protein  contains  both  trypto- 
phane and  sugar,  it  is  not  necessary  to  treat  it  with  alcohol  pr  ether 
first,  since  by  the  action  of  the  strong  acid  on  the  carbohydrate 
aldehydes  are  formed  which  give  a  colored  reaction  product  with 
some  gf  the  protein  groups  and  presumably  with  the  tryptophane.  See 
page  36. 

Other  tryptophane  reactions.  Bromine.  Tryptophane  when  free, 
but  not  when  united  in  the  protein  molecule,  gives  in  a  faintly  alkaline 
solution  with  bromine  or  chlorine  water  a  beautiful  violet  color.  This 
reaction  was  discovered  by  Claude  Bernard  as  distinguishing  tryptic 
from  peptic  digestion.  Adamkiewiez*  reaction  is  given  both  by  the  free 
and  linked  tryptophane.  The  color  in  the  bromine  test  is  possibly  due 
to  the  formation  of  indigo,  since  indole  gives  a  similar  reaction.  By 
this  bromine  reaction  one  can  follow  the  course  of  the  splitting  off  of 
tryptophane  from  the  protein  molecule  during  the  process  of  digestion. 

Tryptophane  will  also  give  colored  products  in  the  presence  of  aro- 
matic aldehydes  (Eohde).  If  a  little  p-dimethyl-amino-benzaldehyde  is 
dissolved  in  concentrated  sulphuric  acid  and  run  beneath  a  solution  of 
protein  in  a  test-tube,  a  red-violet  ring  at  the  zone  of  junction  develops. 
A  similar  reaction  occurs  with  vanillin^  or  benzaldehyde  sulphuric  acid 
and  protein.     These  reactions  are  given  also  by  free  indole  groups  as 
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well  as  by  tryptophane;  p-nitro-benzaldehyde  gives  an  intense,  stable, 
green  color;  vanillin, 

COH 
/\ 

kJoCH^' 
OH 

a  beautiful  red,  becoming  violet  by  dilution;  para-dimethyl-ammo  ben- 

zaldehyde, 

CHO 


A 


N(CH  ) 

a  red  becoming  violet.  In  the  spectrum  a  wide  absorption  band  in  the 
orange  between  A  615-570  and  a  second  in  the  green  between  \  555-540 
are  to  be  seen.  The  method  of  making  this  test  is  as  follows :  To  6  c.e. 
of  the  protein  solution  or  suspension  in  a  test-tube  add  5-10  drops  of 
a  5  per  cent,  solution  of  p-dimethyl-amino-benzaldehyde  in  10  per  cent, 
sulphuric  acid  and  then  add  concentrated  sulphuric  acid  drop  by  drop, 
with  frequent  shaking  until  color  appears.  If.  the  albumin  is  very  dilute 
this  method  is  not  sensitive  enough.  In  that  case  put  concentrated  sul- 
phuric acid  containing  1  per  cent,  dissolved  aldehyde  beneath  the  solu- 
tion and  see  if  a  colored  ring  of  contact  develops.  In  the  ring  method 
it  is  possible  to  detect  tryptophane  in  0.003  per  cent,  concentration. 
Casein  reacts  in  about  0.15  per  cent,  contentration,  so  that  tryptophane 
must  make  about  2  per  cent,  of  the  casein  molecule.  This  reaction  is  used 
in  the  urine,  feces  and  bile  to  detect  urobilinogen. '  That  substance  proba- 
bly contains  scatole. 

Triketo-hydrindene  hydrate  reaction.  Ninhydrin  reaction.  A  very 
sensitive  reagent  for  most  amino-acids,  proteins,  peptones  and  some  other 
substances  is  triketo-hydrindene  hydrate.  A  blue  color  develops  on 
boiling.  The  test  is  given  by  amino-acids  which  have  at  least  one  free 
carboxyl  and  a  free  amino  group.    Ninhydrin  is 

CO 

CA<0C(0H)^. 

CO 

A  description  of  the  test  is  given  on  page  919.  The  reaction  is  posi- 
tive with  proteins,  proteoses  and  with  all  the  amino-acids  with  the  excep- 
tion of  proline,  oxyproline,  pyrrolidon  carbonic  acid.  It  is  positive 
also  with  asparagine  and  glutamine,  amino-oxy-valerianic,  diamine  pro- 
pionic, sarkosine  and  alanyl  alanine.  It  is  negative  with  proline,  oxy- 
proline, glucosamine,  guanine,  allantoine,  leucinimide,  urea.  The  albu- 
mins give  a  very  blue  color,  as  do  also  all  polypeptides,  all  a-amino  acids 
and  /a -alanine.  Ammonium  carbonate  gives  a  red  coloration,  and  histi- 
dine  after  a  while  becomes  a  Burgundy  red.    Glyoccll  will  give  the 
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reaction  in  1 :10,000  solution.  By  means  of  this  valuable  reagent  it  is 
possible  to  show  the  presence  of  amino-acids  in  fresh  urine  and  in  the 
protein-free  blood  serum. 

Gariohydrate  reaction.  Many  proteins  contain  a  -  carbohydrate 
nucleus  in  their  molecule.  This  may  be  detected  by  MoUsch's  reaction. 
The  principle  of  the  reaction  consists  in  converting  the  carbohydrate  into 
aldehyde  decomposition  products  (furfural,  formol,  pyruvic  aldehyde, 
etc.)  by  the  action  of  strong  acid  and  then  the  detection  of  these  by 
some  aromatic  substance.  The  method  usually  employed  is  that  of 
Molisch.     To  the  solution  (5-6  c.c.)  to  be  examined  1-2  drops  of  a  10 

OH 


per  cent,  alcohol  solution  of  a-naphthol,  I      I      I  ,  are  added  and  then  a 

few  c.c.  of  concentrated  sulphuric  acid  is  poured  carefully  down  the  side 
of  the  tube.  A  violet  ring  develops  at  the  zone  of  contact  in  the  pres- 
ence of  carbohydrates.  The  a-naphthol  in  the  presence  of  sulphuric 
acid  condenses  with  the  aldehydes  formed  from  the  carbohydrate  by  the 
action  of  the  acid  to  form  colored  compounds.  If  the  protein  contains 
a  good  deal  of  carbohydrate  and  also  tryptophane,  it  may  not  be  neces- 
sary to  add  the  a-naphthol,  the  tryptophane  taking  its  place.  Thus  egg- 
white  contains  a  good  deal  (0.5  per  cent.)  of  glucose.  If  a  little  egg 
white  is  boiled  in  water  with  strong  hydrochloric  acid  a  violet  color 
develops  without  any  addition  of  a-naphthol.  In  this  case  the  aldehyde 
is  generated  from  the  glucose  by  the  acid,  and  the  proteins  furnish  the 
tryptophane.  Liebermann's  reaction  is  sometimes  tried  in  this  form. 
Molisch 's  reaction  for  carbohydrates  appears  later  as  Pettenkofer's  test 
for  bile  acids.  In  this  case  the  carbohydrate  is  added  and  the  chromogen 
is  supplied  by  the  bile  acids. 

Sulphur  reaction.  Reference  may  also  be  made  here  to  two  or  three 
sulphur  reactions.  Sulphur  occurs  in  the  protein  molecule  in  the  re- 
duced form  either  as  cysteine  or  cystine.  If  a  protein  containing  either 
cystine  or  cysteine  is  boiled  with  sodium  hydrate,  the  sulphur  is  in  part 
split  off  as  the  sulphide.  If  a  little  lead  acetate  is  added  either  before 
or  after  heating,  a  brown  or  black  color  develops  and  ultimately  a  black 
precipitate  of  lead  sulphide  settles  out. 

Some  proteins,  and  particularly  those  from  actively  metabolic  cells, 
probably  contain  cysteine  in  place  of  cystine  in  the  molecule  and,  as  we 
have  already  noticed  elsewhere,  this  difference  may  be  of  great 
importance  in  cell  life  (see  Heffter  and  Arnold).  If  a  protein  which 
contains  cysteine  is  dissolved  in  water  and  2-4  drops  of  a  fresh  4-5 
per  cent,  solution  of  sodium  nitroprusside  and  then  a  few  drops  of 
ammonia  are  added,  an  intense  purple-red  color  appears  at  once.  The 
color  disappears  on  the  addition  of  acetic  acid.  This  reaction,  however, 
is  not  specific  or  characteristic.    The  color  is  given  by  other  substances 
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than  cysteine,  for  example  by  other  sulphides,  by  acetone,  creatinine, 
etc.,  but  cysteine  is  the  only  substance  likely  to  be  present  in  protein 
which  will  give  the  reaction.  Proteins  of  the  supporting  tissues  of  the 
body  generally  contain  cystine ;  those  of  active  organs  cysteine. 

Precipitation  reactions  of  the  proteins. — Both  for  the  purpose  of 
detecting  the  presence  of  proteins  in  solution  and  of  removing  them 
from  solution  their  precipitation  reactions  are  important.  Probably  all 
natural  proteins  contain  a  small  number  of  free  amino  groups  and  free 
carboxyl  groups.  They  are  hence  both  basic  and  acid.  By  means  of 
these  groups  they  can  unite  and  form  salts,  many  of  which  are  insoluble, 
with  both  acids  and  bases.  Among  the  acids  giving  more  or  less  insolu- 
ble compounds  with  proteins  are  tannic,  metaphosphoric,  picric,  picro- 
lonic,  phosphomolybdic,  phosphotungstic,  tri-iodo-hydriodic,  chromic  and 
bi  chromic  acids,  and  many  acid  dyes ;  and  among  the  bases  are  the  metals 
copper,  iron,  manganese,  aluminum,  lead,  mercury,  nickel,  platinum, 
gold ;  organic  bases  such  as  quinine,  strychnine  and  many  other  alka- 
loids, some  basic  proteins,  such  as  protamines  and  histones;  and  basic 
dyes  such  as  thionin,  fuchsin  and  methylene  blue  or  neutral  red.  The 
acids  which  precipitate  are  generally  those  which  precipitate  alkaloids 
also.  A  great  deal  of  confusion  exists  in  the  literature  on  this  subject 
of  precipitation  of  proteins  because  of  a  failure  to  realize  that  these 
precipitates  are  true  chemical  compounds.  They  are  sometimes  called 
without  any  good  reason  "  adsorption  "  compounds,  indicating  that  they 
belong  to  that  hypothetical  class  of  physical  unions  of  which  so  little 
of  a  definite  nature  is  known,  but  which  is  supposed  to  depend  on  surface 
tension.  The  whole  behavior  of  the  proteins  shows  these  precipitates  to 
be  true  compounds. 

The  reactions  are  as  a  matter  of  fact  almost  certainly  simple  salt 
formations.  Whenever  the  precipitation  is  to  be  made  by  a  reagent  of 
which  the  precipitating  part  is  in  the  anion  or  negative  group  of  the 
molecule,  the  solution  must,  for  all  except  the  basic  proteins  such  as 
histone  and  protamine,  be  acid  in  reaction.  The  basic  proteins  may  be 
precipitated  either  in  neutral  or  even  slightly  alkaline  reactions  for 
the  reason  given  below.  If,  however,  the  precipitating  substance  is  a 
metal,  or  base,  the  precipitation  either  does  not  take  place  at  all  or  not 
so  completely  unless  the  solution  be  slightly  alkaline.  The  reason  for 
this  is  as  follows :  The  precipitating  agents  of  the  first  class  mentioned 
are  the  .free  acids,  or  the  salts  of  acids,  and  the  part  of  their  molecule 
which  precipitates  is  the  negative  part,  or  the  anion.  In  this  group  are 
all  the  acids  mentioned  above  and  many  others  not  there  included,  such 
as  bichromic,  chromic,  ferrocyanic,  etc.  The  precipitates  which  are 
formed  have  been  found  always  to  be  the  protein  salts  of  the  precipi- 
tating acids.    They  are  protein  bichromate,  tannate,  picrate,  picrolonate, 
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ferrocyanide,  etc. ;  and  in  the  case  where  basic  precipitating  substances 
are  used  the  precipitates  always  carry  down  the  base  and  they  are  gen- 
erally the  salts  of  the  protein,  such  as  quinine  or  lead  proteinate.  If  a 
colored  base  is  used  to  precipitate,  the  fact  that  the  precipitate  is  col- 
ored shows  that  the  base  has  gone  down  with  the  protein.  In  a  few 
cases,  such  as  precipitation  with  mercury,  platinum  or  copper  salts, 
the  union  of  the  salt  is  with  the  amino  group,  as  will  presently  be 
shown. 

The  reason  why  the  protein  must  be  in  an  acid  solution  to  precipitate 
with  the  alkali  salts  of  the  acids  mentioned  is  that  the  protein  must  be 
electro-positive  to  unite  with  the  electro-negative  radicle  of  the  salt; 
and  it  must  be  in  an  alkaline  medium  to  precipitate  with  the  bases,  be- 
cause the  protein  must  be  electro-negative  to  unite  with  the  electro- 
positive bases. 

In  acid  solutions  proteins  become  electro-positive;  and  in  alkaline 
solution  they  become  electro-negative.  This  was  shown  by  Hardy.  If 
egg  white  be  dialyzed  against  distilled  water  until  free  from  salts  and 
then  boiled,  it  becomes  opalescent,  but  the  protein  is  not  precipitated; 
it  remains  in  colloidal  solution.  If,  now,  to  this  solution  a  little  acid 
is  added  and  an  electric  current  is  sent  through  the  solution,  the  protein 
collects  in  a- tough,  white  mass  at  the  cathode;  while,  if  the  solution  is 
made  very  faintly  alkaline,  the  protein  collects  at  the  anode.  The  fact 
that  the  protein  moves  in  the  electric  stream  proves  that  it  carries  an 
electric  charge;  that  it  moves  to  the  negative  electrode,  or  cathode,  in 
an  acid  solution  shows  it  to  be  electro-positive;  and  to  the  anode  in  an 
alkaline  solution  proves  it  is  there  electro-negative.  The  electric  sign 
of  the  iDrotein  molecule  is  different  in  an  acid  from  what  it  is  in  an 
alkaline  solution. 

Some  rather  extraordinary  explanations  have  been  given  of  this 
change  of  sign,  which  is  a  matter  of  fundamental  importance  in  under- 
standing cell  metabolism,  vital  and  ordinary  staining,  etc.  Thus  it 
was  suggested  that  as  the  hydroxyl  ion  moves  faster  than  the  sodium 
or  potassium  ion  it  hurries  on  ahead  of  the  sodium  and  hitting  the 
protein  molecule  first  buries  itself  in  that  molecule,  thus  making  the 
molecule  electro-negative;  and  in  acids,  the  hydrogen  ion  goes  first, 
is  entombed  in  its  turn  and  makes  the  molecule  of  protein  electro- 
positive. There  is  no  need,  however,  for  this  fanciful  explanation  which 
has  nothing  to  recommend  it  except  its  picturesque  nature.  The  real 
explanation  is  probably  quite  different.  By  means  of  the  free  amino 
groups  the  proteins  are  basic  and  they  combine  with  the  acid  by  these 
groups,  forming  thereby  salts  like  substituted  ammonias  thus: 
R— CHNH  -f  HCl ►  R— CHNH  .HCl. 

R  is  the  rest  of  the  protein  molecule.  .The  salt  B — CHNH3CI  now  ionizes 
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into  KCHNHj  and  CI.  The  chlorine  is  electro-negative  and  the  rest  of 
the  molecule  is  electro-positive.  Hence  in  acid  solutions  the  proteins, 
with  the  exception  of  some  very  acid  ones  like  casein,  are  always  electro- 
positive. 

In  alkaline  solution  the  free  carboxyls  unite  with  the  alkali  to  form 
sal^s : 

RCOOH  +  NaOH ►  RCOONa  +  H^jO. 

RCOONa  now  ionizes  into  ECOO  and  Na  .  Thus  the  protein  becomes 
electro-;pegative. 

I  The  reactions  with  the  precipitating  reagents  now  become  clear.    They 
are  as  follows : 

1.  Protein  +  CH  .COOH ~  Protein  acetate. 

2.  Protein  acetate  +  Na  bichromate '  Protein  bichromate  -\-  NaOCOCH  . 

Precipitate. 

3.  Protein  -j-  NaOH         ■  Na  proteinate. 

4.  Na  proteinate  4-  Pb  acetate  ■ ^  Lead  proteinate  -|-  NaOCO.CH  . 

Precipitate. 

But,  while  this  is  the  rule  for  most  of  the  proteins,  there  are  certain 
Ones  which  appear  at  first  glance  to  be  exceptions.  For  example,  the 
protamines  and  histones  may  be  precipitated  by  colored  acid  dyes,  or 
by  sMium  picrate,  or  bichromate  in  neutral,  or  even  faintly  alkaline 
Solution.  The  reason  for  this  is  that  these  proteins  are  so  strongly  basic, 
halving  so  many  basic  amino-acids  in  their  molecules,  that  they  are  electro- 
positive, even  in  a  neutral  solution  in  which  they  exist  as  the  free  bases. 
The^y'  may  even  be  positive  in  faintly  alkaline  media.  They  do  not  change 
ib  the  ele'ctro-negative  state  until  some  excess  of  alkali  has  been  added. 
Siinllarly  some  of  the  acid  proteins,  such  for  example  as  some  of  the 
vegetable  proteins  which  contain  a  large  amount  of  glutamic  acid  in  the 
molecule  and  are  hence  fairly  strong  acids,  may  be  precipitated  in  neu- 
tral dr  even  faintly  acid  solution  by  the  basic  precipitating  reagents.  For 
these  proteins  do  not  at  once  become  electro-positive  as  soon  as  the  reac- 
tion becomes  iaintly  acid.  Casein  is  a  protein  of  this  kind.  Another 
coihplication  is  introduced  by  the  affinity  of  all  metals  below  hydrogen  in 
the  scale  of  solution  tension,  such  as  mercury,  gold,  copper  and  platinum, 
for  amino  groups.  These  metals  will  not  only  form  simple  salts  with 
the  protdns  by  displacing  the  hydrogen  from  the  carboxyl  group,  but 
they  "will  also  form  addition  compounds  or  double  salts  by  union  with  the 
amino  groups.  It  will  be  found,  therefore,  that  mercuric  chloride  will 
precipitate  even  in  a  faintly  acid  medium,  and  so  will  the  others  of  this 
group.  This^  however,  is  not  an  exception  to  the  rule  stated,  but  an 
additional'  kind  of  cheniicai  union  between  the  precipitating  agent  and 
the, protein.  In  most  of  these  cases,  also,  the  precipitation  is  found  to  be 
tii'ore  complete  in  a  faintly  alkaline  than  in  a  faintly  acid  medium. 
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One  of  the  best  ways  of  completely  separating  the  proteins  from  a 
solution  is  by  using  basic  lead  acetate.  Mercuric  chloride  in  a  faintly 
alkaline  solution  may,  however,  also  be  used. 

With  this  brief  account  of  the  properties  of  the  proteins  we  may  pass 
to  the  consideration  of  some  few  which  are  of  particular  interest  in  the 
cell.  We  shall  not  now  consider  all  the  different  kinds  of  proteins,  leav- 
ing the  individual  member!  of  the  group  to  be  treated  more  at  length 
in  connection  with  the  organs  or  fluids  of  the  body  in  which  they  occur. 
There  is  one  group,  however,  which  is  colored  and  of  very  general  inter- 
est, as  members  of  this  group  are  found  both  in  plants  and  animals. 
These  are  the  chromoproteins.    They  occur  in  the  cytoplasm  of  cells. 

Chromoproteins. — There  are  two  groups  of  chromo,  or  colored,  pro- 
teins which  may  occur  in  the  cytoplasm:  the  hemo-chromoproteins  ob- 
tained from  blood,  of  which  the  hemoglobins  are  the  best  examples ;  and, 
second,  the  phyco-chromoproteins  which  are  obtained  from  seaweed. 
These  latter  are  very  interesting  proteins  because  in  a  way  they  are 
intermediate  between  hemoglobin  and  chlorophyll.  The  chromatic  group 
of  hemoglobin  is  an  iron  containing  pyrrol  complex  called  hematin ;  and 
the  iron  free  part  of  hematin  resembles  chlorophyll,  which  also  yields 
pyrrols  on  decomposition.  It  is  very  interesting,  tiaerefore,  as  showing 
the  close  relation  between  hemoglobin  and  chlorop%ll  that  a  chromo- 
protein  closely  resembling  hemoglobin  in  several  ways  and  particularly 
.  in  its  ease  of  crystallization  has  been  isolated  from  the  red  and  blue- 
green  algae.  The  red  coloring  matter  of  the  Ploridiae,  phykoerythrin, 
and  the  blue  coloring  matter  of  the  blue-green  algse,  phycocyan  {phykos, 
seaweed;  cyan,  blue;  erythros,  red),  crystallize  most  readily.  The  sub- 
stances are  obtained  from  seaweed  just  as  hemoglobin  is  obtained  from 
the  corpuscles  of  the  blood  by  laking  in  distilled  water.  Ammonium 
sulphate  (30  grams  to  100  c.c.  solution)  is  then  added  and  the  phyko- 
erythrin and  the  phykocyan  precipitate.  They  are  globulins.  If  the 
precipitate  is  redissolved  by  the  addition  of  water  and  the  salt  dialyzed 
out,  the  protein  crystallizes  out  in  the  dialyzing  tube  in  microscopic 
crystals.  Phykoerythrin  is  coagulated  by  boiling;  it  is  soluble  in  weak 
alkalies  and  neutral  salts,  but  insoluble  in  distilled  water.  It  is  pre- 
cipitated by  acetic  acid,  but  redissolves  in  an  excess.  It  is  precipitated 
by  (NIIJ„S04,  MgSO^  and  alcohol.  It  quickly  loses  its  color  in  the  light, 
particularly  in  an  alkaline  solution.  The  analyses  gave  C,  50.82 ;  H,  7.01 ; 
N,  15.37 ;  S,  1-60 ;  0,  25.20.  It  is  free  from  ash  and  resembles  chlorophyll 
in  containing  no  iron.  , 

Distribution  of  protein  substances  between  the  cytoplasm  and  the 
nucleus. — The  proteins  of  the  cell  nucleus  are  sharply  differentiated  from 
those  of  the  cell  cytoplasm.  In  the  nucleus  many  of  the  proteins,  in  some 
cases  all  of  them,  are  nucleoproteins,  characterized  by  the  presence  iii 
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the  molecule  of  nucleic  acid.  The  simple  proteins  in  the  nucleus  are 
often  more  basic  than  the  general  run  of  proteins  and  sometimes  they 
are  very  basic  proteins,  such  as  the  protamines  and  histones.  The  occur- 
rence of  these  proteins  is,  however,  the  exception  rather  than  the  rule. 
The  composition  of  the  nuclear  proteins  will  be  considered  presently. 
The  proteins  of  the  cytoplasm  are  less  well  characterized  and  of  very 
diverse  character.    They  include  both  the  proteins  of  the  living  proto- 
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plast  and  lifeless  secretory  or  reserve  proteins  of  a  varied  nature.  They 
are  often  globulins,  that  is  simple  proteins  insoluble  in  water,  but  soluble 
in  dilute  salt  solution.  Thus  in  the  cytoplasm  of  muscle  there  are  the 
simple  proteins,  myosin  and  myogen  and  myosin  fibrin;  in  the  thyroid 
gland,  the  thyreoglobulin  of  the  colloid  material  which  is  found  in  the 
cytoplasm  is  a  globulin.  On  the  other  hand,  albumins  are  found  there 
also.  In  the  white  blood  corpuscles  a  simple  protein  corresponding  to 
serum  albumin  has  been  found.  In  many  cells  of  the  body  there  occurs 
in  the  cytoplasm,  also,  a  globulin  coagulating  at  the  low  temperature  of 
56°,  which  is  the  tempeiature  of  coagulation  of  fibrinogen.  It  is  gen- 
erally believed,  too,  that  phosphoproteins  are  found  in  the  cytoplasm, 
and  this  is  certainly  the  case  in  some  cells.  Thus  casein  is  found  in  the 
cytoplasm  of  the  milk  glands  and  vitellin  in  the  cytoplasm  of  the  hen's 
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egg  and  some  other  eggs.  Both  of  these  bodies  are  phosphoproteins. 
There  is  some  reason  for  believing  that  in  the  living  protoplasm  the 
protein  may"  be  in  union  with  phospholipins,  carbohydrate  and  possibly 
fats.  It  is  not  possible,  however,  to  make  a  definite  statement  on  this 
point.  The  decomposition  products  of  protein  metabolism  probably 
also  occur  there. 

We  may  then  say  that  in  the  nucleus  are  found  the  nueleoproteins ; 
whereas  in  the  cytoplasm  of  the  cell  these  are  probably  lacking  (see 
page  173).  The  protoplast  of  the  cytoplasm  consists  in  all  likelihood  of  a 
mixture  of  simple  albumins  and  globulins,  coagulable  by  heat,  and  phos- 
pholipins, and  some  of  these  simple  proteins  may  be  and  probably  are 
in  loose  physical  or  chemical  union  with  phospholipin,  fat  and  carbo- 
hydrate. In  other  cells  one  finds  mucin,  which  is  a  glycoprotein.  These 
proteins  do  not  occur  free  for  the  most  part,  but  in  union  with  inorganic 
salts,  salts  of  sodium,  potassium,  calcium  and  magnesium  preponderating. 
These  cytoplasmic  proteins  in  the  living  cell  are  predominantly  electro- 
negative, but  occasionally  electro-positive  protein  may  be  present,  as  in 
the  red  blood  corpuscles  in  which  the  hemoglobin  is  electro-positive. 
Since  the  whole  of  the  protein  world  is  at  some  time  in  the  cytoplasm  of 
cells,  it  will  be  seen  that  this  part  of  the  cell  is  wonderfully  diverse  in 
its  chemical  nature.  The  general  features  of  the  living  protoplast,  as 
distinct  from  secretory  granules,  reserve  proteins  or  structural  elements, 
are,  however,  so  similar  in  all  cells  that  it  is  probable  that  in  its  funda- 
mental chemical  constitution  it  is  everywhere  closely  alike,  although  dif- 
fering in  some  particulars.  What  "this  constitution  is,  is  the  great 
unsolved  problem  of  physiological  chemistry. 

CHEMISTRY  OF  THE  CELL  NUCLEUS. 

Morphology.  If  living  cells  are  examined  under  the  microscope,  all 
except  the  simplest  animal  cells  (Monera)  and  the  bacteria  may  be  seen 
to  contain  within  the  granular  protoplasm  a  clear,  almost  or  quite 
homogeneous,  more  refractive  area.  This  area,  called  the  nucleus  and 
first  described  by  Robert  Brown  in  1831,  is  generally  spherical  or  ellip- 
soidal in  shape,  though  at  times  it  is  quite  irregular  in  outline.  Figure 
1,  p.  11.  Sometimes  it  is  separated  from  the  surrounding  protoplasm 
by  a  distinct  visible  membrane;  at  other  times  no  membrane  may  be 
seen  in  the  living  cell,  though  it  is  probably  always  present.  In  size,  the 
nucleus  may  fill  almost  the  entire  cell,  as  in  cells  of  the  thymus  gland 
or  the  sperm  head,  or  it  may  be  a  very  small  part  of  the  total  bulk  of 
the  cell,  as  in  many  eggs  and  muscle  cells. 

Generally  no  structure  can  be  seen  within  the  living  nucleus,  but  iq 
gpme  c^ses,  as  m  the  germinal  vesicle  gf  many  eggs,  there  may  be  seen, 
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in  addition  to  a  distinct  membrane,  spherical  or  irregularly  shaped 
more  dense  portions  which  are  known  morphologically  as  nucleoli.  When 
the  cell  divides  by  caryokinesis  there  may  also  be  seen,  in  the  most  favor- 
able cases,  as  in  the  testes  of  grasshoppers,  and  in  some  transparent  eggs, 
the  spindle  fibers  and  the  chromatic  masses  called  by  morphologists 
chromosomes.  In  general,  however,  as  long  as  the  cell  is  alive  no  other 
structure  may  be  seen  within  the  nucleus  than  the  nucleolus. 

The  physical  structure.  The  physical  consistence  of  the  nucleus  has 
been  found  by  Kite  to  vary  greatly  in  different  cells.  By  his  very  in- 
genious method  of  microscopic  cell  dissection  by  means  of  extremely  fine 
glass  needles  (diameter  1  /<  or  less).  Kite  has  found  that  most  nuclei 
are  separated  from  the  protoplasm  by  a  very  tough  distinct  nuclear  mem- 
brane. Within  this  membrane  one  generally  finds  either  a  liquid  (sol) 
or  a  fairly  viscid  gel  in  which  no  structure,  except  sometimes  the  nucle- 
olus, is  to  be  discovered  by  his  methods.  The  nucleus  of  an  amoeba,  for 
example,  or  the  nucleus  of  an  immature  starfish  egg,  contains  a  liquid, 
and  when  the  nuclear  wall  is  ruptured  the  contents  escape  into  the  sur- 
rounding cytoplasm,  mixing  with  the  latter  and  setting  up  most  inter- 
esting chemical  changes  within  it,  discussed  further  on  page  180.  But 
the  nuclei  of  most  differentiated  cells  which  he  examined,  such  as 
epithelial,  liver  or  pancreas  cells  of  the  amphibian,  Necturus,  or  the  frog, 
or  rabbit,  are  quite  jelly-like.  They  may  be  cut  into  several  pieces,  each 
piece  retaining  its  form  and  in  this  case  not  mixing  with  the  cytoplasm. 
It  is  indeed  altogether  probable  that  the  physical  state  of  the  nuclear 
contents  is  not  constant  in  any  cell,  but  varies  from  fiuid  to  gel  under 
various  conditions.  This  is  indicated,  for  example,  by  the  experiDJ^nts 
of  Calkins  and  Miss  Peebles  in  their  cutting  to  pieces  of  infusoria.  A.t 
times  the  cutting  could  be  made  as  if  through  a  jelly,  the  pieces  not  losing 
their  contents  when  cut ;  and  at  other  times  the  protoplasm  was  so  liquid 
that  it  readily  escaped  through  the  cut.  Kite  has  made  similar  observa- 
tions on  Amoeba  proteus  and  they  have  been  made  also  by  Gruber.  One 
of  the  constituents  of  the  nucleus  is  nucleic  acid  and  this  has  quite 
remarkable  powers  of  forming  gels;  and  it  may  be  that  this  jelly-like 
consistence  of  many  nuclei  is  due  to  the  presence  of  this  substance. 

One  of  the  most  important  observations  of  Kite  is  that  it  is  impos- 
sible by  his  method  of  dissection  to  find  in  living  nuclei  any  more  dense 
masses,  or  networks,  which  might  correspond  with  the  chromatin  net- 
work, or  chromosomes  to  be  seen  in  fixed  and  stained  nuclei.  Whether 
these  pre-exist  in  the  cell  nucleus  when  it  is  alive,  or  whether  they  first 
appear  as  the  result  of  the  action  of  fixing  agents,  may  seem  doubtful 
from  this  observation ;  but  the  extreme  and  detailed  regularity  of  these 
morphological  pictures  in  fixed  cells  (Figure  2,  p.  12),  and  their  steady 
development  during  karyokinesis,  make  it  unlikely  that  they  are  pro- 
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duced  by  the  fixing  agent.  It  seems  more  probable  that  they  exist  in  the 
living  nucleus,  though  perhaps  not  quite  in  the  form  revealed  in  the 
nuclear  corpse,  even  though  they  can  neither  be  seen  nor  found  by  dis- 
section. It  may  be  remarked,  indeed,  that  the  dissection  method,  by  the 
enormous  stimulation  of  the  cell  which  it  entails  and  the  mechanical 
mixing  of  the  parts  of  the  cell,  must  render  an  interpretation  of  the 
results  obtained  by  it  somewhat  uncertain.^ 

Function.  There  is  no  question  but  that  the  nucleus,  forming  as  it 
does  so  universal  a  constituent  of  cells,  is  of  fundamental  importance 
to  cell  life.  The  sperm  head,  which  alone  enters  many  eggs,  the  tail 
being  left  outside,  and  which  is  able  to  produce  the  development  of  an 
organism  resembling  in  many  most  minute  particulars  the  parent  organ- 
ism from  which  it  came,  is  often  composed  exclusively  of  a  nucleus.  So 
the  nucleus  must  play  a  great  part  in  inheritance.  Inheritance  is  equally 
from  father  and  mother,  and  it  can  hardly  be  a  coincidence  that  the 
embryo  contains  an  equal  share  of  nuclear  material  from  father  and 
mother,  whereas  the  cytoplasmic  material  is  obtained  almost  exclusively 
from  tlie  mother. 

The  importance  of  the  nucleus  is  shown  very  clearly  in  many  experi- 
ments which  have  been  performed  on  unicellular  organisms.  If  an 
amoeba,  or  other  protozoon  organism,  be  cut  into  two  parts,  one  of  which 
contains  the  nucleus,  while  the  other  lacks  it,  it  is  found  that  while  both 
pieces  may  continue  in  motion  and  may  capture  food,  it  is  only  the  part 
with  the  nucleus  which  is  able  to  grow  and. reconstitute  the  cell;  the 
protoplasm  without  the  nucleus  cannot  regenerate  the  nucleus  and  in 
a  short  time  it  dies  and  disintegrates.  This  experiment  shows  that  both 
nucleus  and  cytoplasm  are  necessary  for  growth  and  development. 

Similar  facts  showing  the  great  importance  of  the  nucleus  in  the 
growth  and  synthesis  of  new  protoplasm  are  beautifully  illustrated  in 
gland  and  vegetable  cells.  .  If  vegetable  cells  are  plasmolyzed,  that  is 
shrunk  from  the  cell  wall  by  the  action  of  hypertonic  salt  solutions,  it 
sometimes  happens  that  the  protoplasm  becomes  divided  within  the  cell 
into  a  nuclear  containing  and  a  nuclear  free  portion ;  it  is  only  the  former 
which  makes  a  new  cell  wall  and  grows  to  a  new  cell.  In  many  gland 
cells  the  protoplasm  during  glandular  rest  in  whole,  or  in  large  part, 
becomes  differentiated  into  secretory  material,  generally  taking  the  form 
of  granules.  The  nucleus  remains  with  only  a  very  small  quantity  of 
cytoplasm  around  it.  Now,  when  the  cell  secretes,  these  granules  are  dis- 
charged or  dissolved,  and  the  new  undifferentiated  protoplasm  which 
takes  their  place  appears  always  first  close  to  the  nucleus,  as  if  it  were 
being  formed  here. 

'  Chambers  has  recently  found  that  the  chromosomes  may  appear  quite  sud- 
dpnlv  in  nuclei. 
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There  can  be  no  doubt  from  all  these  facts  that  the  nucleus  plays  a 
very  important  part  in  the  synthesis  of  the  cell  protoplasm.  It  appears 
as  if  under  favorable  conditions  the  nucleus  might  be  able  to  make  the 
cytoplasm  about  it,  but  no  one  has  as  yet  succeeded  in  proving  this.  It 
might  be  tested  by  growing  the  spermatozoa  in  such  conditions  that 
they  would  make  themselves  into  cells  provided  with  cytoplasm.  Per- 
haps it  might  be  proved,  also,  by  isolating  nuclei  by  means  of  Kite's 
method.  At  present  all  that  can  be  said  definitely  is  that  both  protoplasm 
and  nucleus  appear  to  be  necessary  for  growth  and  development.  Many 
chemical  transformations,  probably  most  of  them,  occur  in  the  extra 
nuclear  part  of  the  protoplasm.  But  the  nucleus  is  nevertheless  of 
fundamental  importance. 

Chemical  composition.  Method  of  obtaining  nuclei  for  chemical 
analysis. — The  chemical  composition  of  an  organ  of  such  vital  impor- 
tance in  inheritance  and  cell  life  is  a  matter  of  very  great  interest.  "What 
knowledge  we  have  of  it  is  owing  more  particularly  to  Miescher  and 
above  all  to  Kossel.  There  are  several  ways  in  which  the  chemical  nature 
of  the  nucleus  may  be  studied.  We  may  study  cells  consisting  chiefly 
of  nuclei,  such  as  leucocytes,  and  contrast  their  composition  with  that 
of  cells  consisting  chiefly  of  cytoplasm,  such  as  muscle,  or  egg  cells, 
or  red  blood  corpuscles  of  mammals.  Substances  which  are  found  in 
predominating  amounts  in  the  first  group  of  cells  we  would  be  justified 
in  inferring  came  from  the  nuclei.  Another  method,  although  one  to 
be  used  with  great  caution  in  interpreting  observations,  is  the  use  of 
microchemical  stains.  The  best  method  is  to  separate  the  nucleus 
from  the  cytoplasm  and  to  study  the  chemical  composition  of  each 
separately. 

The  first  method  was  that  used  by  Miescher,  with  whom  our  knowl- 
edge of  the  composition  of  the  nucleus  begins  in  1876.  It  had  been  known 
that  living  tissues  all  contained  large  amounts  of  phosphoric  acid  in 
different  combinations.  This  acid  early  attracted  the  attention  of  chem- 
ists, some  of  whom  even  went  so  far  as  to  say  "  ohne  Phosphor  keine 
Gedanke  "  ("  without  phosphorus  no  ideas  ").  And  we  are  coming  to 
realize  more  and  more  clearly  the  fundamental  role  phosphoric  acid  plays 
in  all  vital  phenomena.  It  was  soon  found  that  the  phosphoric  acid  was 
present  in  at  least  two  forms.  One  part  could  be  extracted  by  alcohol 
and  was  in  organic  union.  It  was  present  in  the  lecithin  discovered  by 
Gobley.  Another  part  could  be  extracted  by  cold  water  from  the  tissues 
already  extracted  with  alcohol.  This  part  consisted  of  inorganic 
phosphates.  After  removing  these  two  forms  of  phosphoric  acid  there 
remained  a,  considerable  proportion  of  the  phosphoric  acid  in  the  protein 
residue  of  the  cell.  Hoppe-Seyler  put  his  pupil  Miescher  at  the  task 
of  finding  out  what  compound  of  phosphoric  acid  remained  in  this 
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residue.  Miescher  worked  chiefly  with  pus,  which  in  those  days  of  septic 
STirgery  could  be  readily  obtained.  lie  found  that  most  of  this  remnant 
of  phosphoric  acid-containing  material  could  be  extracted  with  dilute 
alkalies  and  repreeipitated  by  acetic  acid.  It  was  in  organic  union  with 
proteins.  Since  pus  cells  consisted  chiefly  of  nuclei  with  very  small 
amounts  of  cytoplasm  and  this  material  constituted  the  greater  part  of 
the  residue,  there  could  be  little  doubt  that  it  came  from  the  nucleus, 
and  for  this  reason  it  was  called  by  Miescher  ' '  nuclein. ' '  It  was  quickly 
found  that  nuclein  was  a  constituent  of  all  cells  examined.  Thus  Hoppe- 
Seyler  found  it  in  yeast ;  it  was  isolated  from  sperm,  spleen  and  a  great 
variety  of  tissues.  This  nuclein  contained  varying  amounts  of  phos- 
phorus varying  from  0.9-4  per  cent.  One  of  the  easiest  ways  of  prepar- 
ing such  a  nucleoprotein  is  to  extract  a  tissue  with  dilute  alkali ;  or  even 
to  boil  it  with  water,  some  of  the  nuclein  goes  into  solution  in  the  boiling 
water.  Shortly  after  this  Kossel  found  that  if  this  nuclein  was  boiled 
with  acids,  it  yielded  a  number  of  xanthine  bases,  of  which  the  formulas 
will  be  given  presently,  such  as  xanthine,  hypoxanthine,  guanine  and 
adenine,  a  new  base  which  he  discovered  and  named  adenine  (Gr.  aden, 
gland)  because  he  isolated  it  first  from  the  pancreatic  gland.  The  dis- 
covery that  the  xanthine  bases  could  be  obtained  from  nuclein  was  a 
discovery  of  fundamental  importance,  for  it  indicated  that  these  bases, 
which  are  found  in  human  urine,  and  uric  acid,  which  belongs  in  the 
same  group  of  substances,  must  come  from  the  nuclein  of  the  body  and 
not  from  the  ordinary  albumin,  as  had  been  supposed  up  to  that  time. 
In  1887  Altmann,  an  histologist,  took  a  long  step  forward  when  he  suc- 
ceeded in  isolating  from  Miescher 's  nuclein  by  digesting  it  with  pepsin- 
hydrochloric  acid  an  organic  acid,  containing  8-9  per  cent,  of  phos- 
phorus, which  was  free  from  albumin,  all  the  albumin  tests  being  nega- 
tive.   He  called  this  acid  nucleic  acid. 

Before  examining  the  constitution  of  this  important  acid  discovered 
by  Altmann,  a  word  may  be  said  about  another  method  of  determining 
the  constitution  of  the  nucleus.  The  best  method  is  to  examine  the  heads 
of  spermatozoa.  These,  in  the  fishes  and  most  animals,  consist  wholly, 
or  almost  wholly,  of  nuclear  material;  and  while  they  undoubtedly 
represent  very  highly  specialized  nuclei,  nevertheless  they  are  still 
nuclei.  This  method  of  studying  nuclear  composition  was  found  by 
Miescher. 

If  the  ripe  testes  of  a  fish  such  as  the  salmon,  which  Miescher  studied, 
or  the  herring,  are  taken  and  ground  to  a  pulp  and  then  strained  through 
cheesecloth  the  sperm  go  through ;  the  connective  tissue  remains  behind. 
It  is  an  additional  advantage  that  in  fishes  the  sperm  all  ripen  at  the 
same  time  so  that  a  homogeneous  product  is  had.  The  unripe  sperm  have 
a  different,  more  complex,  composition  from  the  ripe.    The  sperm  mass 
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is  then  suspended  in  normal  salt  solution,  or  in  a  dilute  magnesium  sul- 
phate solution,  and  eentrifugalized.  By  this  means  they  are  freed  from 
the  liquid  in  which  they  are  suspended  in  the  testes.  After  one  or  two 
washings  of  this  kind,  the  sperm  are  suspended  in  distilled  water  and 
eentrifugalized  very  rapidly.  In  the  distilled  water  the  tails  swell,  and 
the  heads  are  so  much  heavier  and  denser  that  they  are  separated  from 
the  tails  by  the  centrifugal  force  and  accumulate  at  the  bottom  of  the 
tube  as  a  pure  white  mass.  Above  this  mass  of  heads,  there  may  be 
seen  in  the  centrifugal  tube  a  slimy  tenacious  layer  of  swollen  tails  more 
gray  in  color  than  the  heads.  This  layer  of  tails  is  coherent  and  may  be 
easily  lifted  out.  Above  this  again  is  a  layer  of  water,  opalescent,  and 
containing  the  greater  part  of  the  lecithin,  cholesterol  and  much  protein 
in  solution.  After  several  washings  and  centrif ugalizing  in  distilled  water 
the  heads  are  clean  from  tails.  Under  the  microscope  they  look  perfectly 
normal.  They  are  not  changed  in  shape  nor  apparently  in  size.  They 
appear  to  have  lost  none  of  their  constituents.  They  constitute  pure 
nuclear  matter.  It  is  of  course  possible  that  they  have  lost  some  material 
in  the  washing  in  spite  of  the  fact  that  they  do  not  appear  to  have  done 
so.  Thus  far  only  two  kinds  of.  sperm  have  been  examined  in  this  way, 
the  salmon  by  Miescher,  and  the  herring  by  the  author  and  Steudel.  If 
these  pure  white  sperm  heads  are  now  extracted  by  alcohol  and  ether 
only  traces  (.l-.Ol  per  cent.)  of  alcohol-ether  soluble  substances  are  found 
in  them.  Prom  this  it  appears  either  that  the  lecithin  and  lipoids  have 
been  extracted  by  the  distilled  water,  or  else  that  they  are  confined  chiefly 
to  the  middle  pieces  and  tails,  and  that  they  are  not  found  in  the  nucleus. 
The  small  amount  found  was  so  variable  as  to  suggest  that  it  may  have 
come  from  remnants  of  tails,  which  had  not  been  completely  separated 
from  the  heads. 

The  other  kind  of  nucleus  which  has  been  obtained  free  and  pure  for 
analysis  is  that  of  the  red  blood  corpuscles  of  hens.  The  corpuscles, 
treated  in  the  same  manner  as  the  sperm,  swell,  they  are  laked,  and  the 
nuclei  become  free  and  may  be  accumulated  by  centrifugal  action.  These 
nuclei  have  been  recently  examined  by  Ackermann. 

THE  COMPOSITION  OF  CHROMATIN.— The  sperm  head  con- 
sists wholly,  or  almost  entirely,  of  chromatin.  This  chromatin  consists 
of  a  nuclein.  In  the  heads  of  salmon  sperm  the  chromatin  is  salmin 
nucleate ;  in  the  herring  it  is  clupein  nucleate.  See  page  178.  In  all  cells 
it  has  been  found  that  the  chromatin  consists  of  two  parts :  an  acid  part, 
nucleic  acid,  discovered  by  Altmann,  and  a  basic  part  which  is  always 
some  member  of  the  simple  proteins,  but  a  different  protein  in  every 
kind  of  cell  which  has  been  examined  thus  far.  We  will  consider  first 
the  composition  of  the  acid  part  of  the  nucleus,  or  nucleic  acid,  and  then 
the  basic  or  protein  part  of  the  molecule. 
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Nucleic  acid. — Method  of  isolation.  Nucleic  acid  may  be  obtained 
from  tissues  without  necessarily  isolating  the  nuclei  first.  It  is  most 
easily  obtained  by  the  Kossel-Neumann  method.  Perfectly  fresh  tissue 
must  be  taken  and  as  quickly  as  possible  after  its  removal  from  the  body 
it  is  ground  in  a  meat  chopper  and  thrown  into  boiling  water  slightly 
acidified  with  acetic  acid  to  destroy  the  enzymes.  The  reason  for  the 
necessity  of  haste  is  that  there  are  present  in  most  cells  enzymes,  called 
nucleases,  which  very  rapidly  attack  and  partially  decompose  the  nucleic 
acid.  The  residue  is  ground  as  fine  as  possible  and  then  brought  into 
twice  its  weight  of  a  boiling  solution  of  sodium  hydrate  and  sodium 
acetate  (1.6  per  cent.  NaOH  and  10  per  cent.  Na  acetate)  and  extracted 
for  from  %-2  hours  at  boiling  temperature.  By  this  treatment  the 
nucleic  acid  is  dissolved  and  extracted  fi'om  the  cells.  The  mass  is  then 
neutralized  with  acetic  acid,  centrifugalized  and,  if  necessary,  filtered 
hot.  The  filtrate  is  now  concentrated  and  the  filtered  solution  is  poured 
into  alcohol,  about  three  volumes  of  95  per  cent,  to  one  of  the  solution. 
The  nucleic  acid  is  precipitated  as  the  sodium  salt.  It  may  be  purified 
by  resolution  and  reprecipitation.  By  this  method  (Neumann's)  from 
1  kg.  of  dry  thymus  gland  180-200  grams  of  nucleic  acid  are  obtained. 

Nucleic  acid. — Physical  and  chemical  properties.  The  sodium  salt 
of  nucleic  acid  thus  prepared  is  soluble  in  water.  If  dissolved  in  hot 
water  to  a  concentration  of  5  per  cent,  it  gelatinizes  firmly,  on  cooling, 
to  a  clear,  slightly  opalescent  gel.  This  property  has  already  been  men- 
tioned in  connection  with  the  jelly-like  consistence  of  some  nuclei,  and 
the  solidity  of  the  chromosomes.  When  dry  the  salt  is  pure  white, 
amorphous,  having  neither  taste  nor  smell.  It  gives  no  protein  tests; 
the  biuret,  Millon,  xanthoproteic  and  tryptophane  reactions  are  negative. 
If  added  to  a  solution  of  protein  containing  a  little  free  acetic  acid,  it 
precipitates  the  protein,  forming  thereby  an  artificial  nuclein.  It  does 
not  reduce  Pehling  's  solution ;  it  is  not  crystalline  in  any  of  its  salts.  It 
is  optically  active,  dextro-rotatory,  the  rotatory  power  being  (a)],  = 
-|-154.2.  The  substance  is  fairly  stable  with  alkalies,  but  on  long  boiling 
(2  hours)  in  alkaline  solution  it  goes  over  into  a  ^  uucleic  acid,  which 
no  longer  gelatinizes,  and  which  has  a  different  per  cent,  of  composition 
from  the  first.  It  is  very  unstable  in  the  form  of  the  free  acid  and  is 
readily  hydrolyzed  into  its  constituents.  The  free  acid  is  white  like  the 
salt,  unstable  in  the  light,  turning  a  reddish  or  brownish  red  color  when 
exposed  in  the  powder  form.  It  is  fairly  soluble  in  hot  water,  but 
much  less  soluble  in  cold.  It  is  insoluble  in  alcohol,  ether  and  similar 
solvents. 

Per  cent,  of  composition  of  nucleic  acid.  The  very  great  ease  with 
which  the  purines  are  split  off  from  the  molecule  and  the  necessity  of 
using  acid  at  some  stage  of  the  separation  makes  it  very  difficult  to 
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obtain  nucleic  acids  which  are  entirely  normal.  All  of  the  older  analyses 
in  which  the  nucleic  acid  was  precipitated  by  free  acid  are  almost  cer- 
tainly incorrect.  The  following  analy.ses  are  some  which  have  been 
obtained : 

Origin  C 

Sperm   of  Alosa    36.27 

Human  placenta   37.44 

Spermatozoa    (Muraenoesox)  .  37.50 

Various  acids  have  given  percentages  of  composition  which  differ  some- 
what among  themselves.    The  relation  of  P  :N  is  as  4  atoms  to  14  or  15. 

The  most  probable  formula  according  to  Steudel  is  CisHg^NisP^Oso, 
which  requires  that  the  molecule  should  be  composed  of  four  hexose 
molecules,  two  purines,  two  pyrimidines  and  four  molecules  of  phosphoric 
acid.  By  the  action  of  endocellular  enzymes  nucleic  acid  is  very  quickly 
partially  digested,  which  accounts  for  many  of  the  discordant  results  of 
analyses. 

Decomposition.  We  will  first  consider  the  composition  of  the  true 
nucleic  acids,  or  polynucleotides,  as  they  are  railed,  such  as  are  found 
in  the  nuclei  of  all  cells  thus  far  examined,  leaving  the  simpler,  or  mono- 
nucleotides, such  as  guanylic,  or  inosinic  acid,  for  later  consideration. 

The  true  nucleic  acids  thus  prepared  by  Neumann's  method  are 
extremely  unstable  if  heated  in  the  presence  of  acids;  or  even  if  left 
in  an  acid  solution  for  a  short  time  at  room  temperature.  They  decom- 
pose on  prolonged  heating  with  3  per  cent,  sulphuric  acid,  or  by  heating 
under  pressure  with  acetic  or  other  acids,  into  orthophosphoric  acid, 
various  basic  substances,  i.e.,  guanine,  adenine,  cytosine,  thymine,  uracil 
and  either  into  a  pentose  or  levulinic  and  formic  acids.  A  method  which 
gives  the  guanine  and  adenine  in  almost  quantitative  amounts  and  which 
is  very  simple  is  that  of  Steudel,  who  treats  the  copper  salt  with  half- 
concentrated  nitric  acid. 

It  was  Kossel  who  showed  that  the  nucleic  acids  split  under  acid 
hydrolysis  into  the  purine  bases,  orthophosphoric  acid,  levulinic  acid, 
or  a  pentose,  and  the  pyrimidine  bases  which  he  discovered  and  named. 
He  found  that  the  purine  bases,  some  phosphoric  acid  and  levulinic  acid 
appeared  very  easily;  the  remnant  of  the  molecule  consisting  of  phos- 
phoric acid,  carbohydrate  and  pyrimidine  bases  was  isolated  by  Kosscl 
and  Neumann  and  called  thymic  acid.  The  pyrimidine  bases  are  far 
more  difficult  to  detach  from  the  molecule  than  the  purines. 

The  work  of  Steudel  and  Levene  has  shown  that  in  the  nucleic  acid 
itself  there  are  two  purine  bases,  adenine  and  guanine.  These  bases  are 
heterocyclic  compounds,  and  may  be  regarded  as  derivatives  of  the  sub- 
stance, purine.  Caffeine,  the  active  principle  of  coffee  and  tea,  is  a 
purine. 


THE    PROTEINS  186 


(61 
(1)     N  =  CH 

I  I        (7, 

(S)  HC  (5)C-NI-K 

II  II         (9)>OH(8) 
(3)       N-(4)C  ~  H 

Purine. 


Products  of  hydrolysis. — Chemistry  of  the  purines.    Guanine.    This 
purine  base,  C5H5N5O,  or  2-imiiio-6-oxypurine,  or  2-amino-6-oxypurine, 
owes  its  name  to  the  fact  that  it  was  first  isolated  from  guano.     Its  , 
graphic  formula  is  either 

HN— C  =  0  HN— C  =  O 

HN^C    C— NH.  ;or  H  N— C     C— NH 

As  may  be  seen  in  the  graphic  formula  it  contains  the  radicles  urea, 
guanidine  and  tartronie  acid.  It  is  a  fairly  strong  base,  precipitated  by 
ammonia  from  its  aqueous  solutions,  a  peculiarity  which  makes  it  easy 
to  separate  it  from  adenine.  It  is  soluble  in  acids  and  in  strong  alkalies. 
It  is  precipitated  by  silver  nitrate  either  in  neutral  or  an  ammoniacal 
■  solution,  and  forms  double  salts  with  the  nitrate.  Its  nitrate  crystallizes 
readily.  The  nitrate  is  insoluble  in  strong  (half -concentrated)  nitric 
acid.  Guanine  crystallizes  readily  from  a  dilute  solution  as  the  picrate. 
It  forms  a  crystalline  compound  with  bichromates. 

Free  guanine  is  found  in  various  deposits  in  tissues.  Thus  it  is  found 
in  the  free  state  in  the  concretions  about  the  joints  of  hogs  suffering  from 
so-called  guanine  gout.  It  occurs  free  in  the  scales  and  skins  of  the  bony 
fishes;  and  in  the  swim  bladder,  to  which  it  gives  the  peculiar  pearly- 
white  appearance.  It  is  easily  isolated  from  these  sources  by  extracting 
with  dilute  acid  and  precipitating  with  ammonia.  On  oxidation  it  yields 
xanthine,  uric  acid,  allantoine,  urea,  oxalic  acid  and  other  substances. 

Guanase  is  an  enzyme  found  in  various  organs  of  the  body,  in  the 
liver,  spleen,  lungs,  etc.,  which  hydrolyzes  guanine  with  the  formation 
of  ammonia  and  xanthine : 

HN— C  =  0  HN— C  =  O 

II-  II 

HN  =  C     C— NH.  +H  O 0=C    C— NHv  +NH. 

I     II  >H  I     II  >CH 

Hi}-— C— N   '^  HN— C— N    <^ 

Guanine.  Xanthine. 

Adenine.  This  base,  C3H5N5,  or  6-amino  purine,  was  discovered  by 
Kossel  in  the  cleavage  products  of  the  nuclein  of  the  ox  pancreas  and 
called  adenine  (Gr.  aden,  gland)  because  of  its  origin  from  a  gland.  Its 
empirical  formula  i."  that  of  a  polymer  of  hydrocyanic  acid,  and  indeed 
hydrocyanic  acid  and  cyanogen  spontaneously  change  into  substances 
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which  are  allied  to  the  purines.  Adenine  has  been  found  to  be  pre- 
formed in  the  nucleic  acid  molecule  and  it  occurs  in  all  true  nucleic 
acids,  polynucleotides,  where  it  has  been  looked  for.  It  is  not  precipi- 
tated by  ammonia,  hence  its  separation  from  guanine.     Its  structural 

formula  is : 

M  =  C  — NH 

2 

HC      C— NH  . 
II       II  ^CH 

Adenine. 
It  is  precipitated  like  guanine  by  picric  or  metaphosphoric  acid  and  forms 
crystalline  picrates.  It  is  usually  separated  in  this  form.  The  melting 
point  of  the  anhydrous  base  is  360-365°.  It  is  a  stronger  base  than 
guanine.  It  is  quite  stable  in  the  presence  of  mild  oxidizing  agents,  but 
is  easily  decomposed  by  acids  in  the  presence  of  a  reducing  agent.  A 
far  better  yield  is  obtained  by  Steudel's  method  of  hydrolysis  of  the 
nucleic  acid  by  nitric  acid,  than  by  hydrolysis  with  hydriodic,  or  other 
non-oxidizing  or  reducing  acid  reagents.  The  fact  that  the  base  is  so 
unstable  in  the  presence  of  reducing  agents  may  have  some  bearing  in 
cell  physiology,  since  the  nucleus  is  probably  always  situated  at  a  point 
in  the  cell  where  reductions  are  strongest.  Hydrochloric  acid  at  180-200° 
C.  decomposes  it  into  carbon  dioxide,  glycocoll,  ammonia  and  formic 
acid.  Many  cells,  perhaps  all,  contain  a  ferment  known  as  "  adenase," 
discovered  by  Jones,  which  by  hydrolysis  converts  adenine  into  hypoxan- 
thine  as  follows: 

N  =  C— NHjj  HN  — 0  =  0 

Hd      C— NH  .  -f  H  O HC      6  — mi  +NH. 

II     I!         Vh  JJ     II         \cH 

Adenine.  Hypoxanthine. 

Xanthine  and  Hypoxanthine.  Besides  these  purines,  which  pre-exist 
in  the  nucleic  acid  molecule,  there  are  often  found  among  the  products 
of  hydrolysis  of  nucleic  acids  by  acids  xanthine  and  hypoxanthine. 
These  bases,  however,  are  produced  either  by  the  action  of  the  acid  on 
the  guanine  and  adenine,  or  more  often  by  the  action  of  enzymes, 
such  as  adenase  and  guanase  of  the  tissues,  which  have  converted  the 
adenine  and  guanine  into  xanthine  and  hypoxanthine  before  the  nucleic 
acid  was  prepared.  Xanthine  is  2,6-dioxy  purine ;  hypoxanthine  is  6-oxy- 
purine. 

HN  — c  =  0  HN  — 0  =  0 

HC      C  — NH.  0  =  0      0  — NHv 

ii-'d-N    >^  Hll-il-N     > 

Hypoxanthine.    C  H  NO;        Xanthine.     C  H  N  0  . 

^  *^  ff44  644S 
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Xanthine  owes  its  name  (Gr.  xanfhos,  yellow)  to  the  yellow  reaction 
its  gives  when  gently  heated  to  dryness  in  a  porcelain  dish  with  nitric 
acid.  The  yellow  spot  moistened  with  sodium  hydrate  turns  first  red  and 
then  purple  red  on  heating,  in  distinction  from  uric  acid.  It  was  dis- 
covered in  urinary  calculi  in  1817  by  Marcet.  On  dry  heating  it  de- 
composes into  hydrocyanic  acid,  carbon  dioxide  and  ammonia.  It  is  both 
an  acid  and  a  base.  It  owes  its  acid  properties  to  the  fact  that  by  a 
tautomeric  rearrangement  of  the  molecule  the  enol  form  appears : 

HN  —  C  =  O 

HO— C      C  —  NH  V 

it-li-N     > 
Enol  form  of  xanthine. 

The  hydrogen  of  the  hydroxyl  is  replaceable  by  metals. 

Hypoxanthine,  literally  little,  or  less,  xanthine,  is  a  reduced  xanthine. 
It  was  formerly  called  sarkine.  It  is  6-oxypurine,  having  the  followiug 
formula : 

HN— C  =  O 

I      I 
HC     C— NH  ^ 

II     II  >CH 

N— C  — N  r 

Hypoxanthine. 

Hypoxanthine  forms  small  colorless  needles.  It  does  not  give  the 
xanthine  reaction  with  nitric  acid,  nor  does  it  give  the  Weidel  reaction. 
With  hydrochloric  acid  and  zinc  a  solution  of  hypoxanthine  becomes  first 
a  ruby  red  and  then  turns  brownish  red  on  addition  of  alkali.  Hypo- 
xanthine is  soluble  in  dilute  alkalies  and  is  not  precipitated  by  ammonia. 
When  treated  with  ammonia  and  an  excess  of  silver  nitrate,  a  crystalline 
compound  having,  when  dried  at  120°,  a  constant  composition  of 
2(CgH2Ag2N40)H,0  separates  out.  Use  is  made  of  this  in  the  quanti- 
tative separation.  Hypoxanthine  picrate  is  little  soluble.  Hypoxanthine 
as  well  as  other  purines  which  have  the  nitrogen  at  number  7  or  the 
carbon  in  8  unsubstit^ited  give  red  azo  compounds  with  diazo-benzolsul- 
phonic  acid  in  alkaline  or  neutral  solution.  The  compound  is  probably 
of  the  following  nature : 

HN— C  =  O 

00    C— NH. 
I       II         \C-N  =  NCHS0H 

HN— C— N   <^  "    *     " 

Some  pyrimidines  give  this  reaction  also.  All  purines  are  precipitated  by 
cupric:  sulphate  and  a  reducing-  substance  such  as  sodium  bisulphite. 
They  form  insoluble  cuprous  compounds.    This  is  the  basis  of  their  quan- 
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titative  determination  by  the  Kriiger-Sehmidt  method.    Hypoxanthine  is 
present  in  nearly  all  cells.    It  is  a  constituent  of  inosinic  acid  of  muscle. 

Pyrimidine  bases. — Nucleic  acid  yields  two  or  three  pyrimidine  bases 
when  it  is  hydrolyzed  long  enough,  but  probably  only  two  of  them  are 
preformed  in  the  molecule,  uracil  being  formed  from  the  cytosine  during 
the  hydrolysis.  These  bases  were  discovered  by  Kossel.  They  are  thy- 
mine, cystosine  and  uracil. 

Thymine.  This  is  2,6-dioxy,  5-methyl  pyrimidine.  The  structural 
formula  is  as  follows : 

HN— C  =  O 

O  =  C    C— CH        The  empirical  formula  is  C  H  N .0  . 

Ill  o      6     2     2 

HN— CH 
It  was  first  isolated  from  the  hydrolytic  products  of  thymic  acid  obtained 
from  the  thymus  gland,  hence  its  name.  The  pyrimidines  are  found  very 
generally  in  cells  not  only  in  nucleic  acid  but  as  glucosides.  Viein 
and  convicin  discovered  by  Eitthausen  and  Preuss  are  hexose  glucosides 
of  pyrimidines.  Thymine  crystallizes  from  cold  water,  in  which  it  is 
little  soluble,  in  the  form  of  clusters  of  small  leaves  or  needles,  (m.p. 
about  321°.)  Thymine  sublimes  undecomposed.  It  is  not  readily  pre- 
cipitated by  ammonia  and  silver  nitrate.  It  is  precipitated  by  phospho- 
tungstic  acid. 

Cytosine.    This  is  2-oxy,  6-amino  pyrimidine  or 
N  =  c— NH. 


0  =  i 


C— H       01  C  H  N  0 
I       II  *   *    • 

HN  — C— H 

The  free  base  is  little  soluble  in  water  and  crystallizes  in  thin  plates  with 
a  mother-of-pearl  glance.  It  is  precipitated  by  silver  nitrate  in  the 
presence  of  an  excess  of  barium  hydroxide,  and  by  phosphotungstic  acid. 
It  gives  the  murexide  reaction  with  chlorine  water  and  ammonia.  Like 
uracil  it  also  gives  a  violet  color  (dialuric  acid?)  when  treated  with  bro- 
mine until  cloudy  and  then  baryta  water  added  (Wheeler  and  Johnson). 
Uracil  is  2,6-dioxy  pyrimidine. 

HN— C  =  0 


oi 


OH 

hUL 

The  reactions  of  this  base  are  much  like  those  of  cytosine,  but  it  is  not 
precipitated  by  phosphotungstic  acid.  It  is  only  imperfectly  precipi- 
tated by  silver  nitrate  and  baryta  water.  It  crystallizes  from  water  in 
clusters  of  needles.    It  is  nearly  insoluble  in  alcohol  and  ether.    Unlike 
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thymine  it  does  not  sublime  undecomposed,  except  on  very  careful  heat- 
ing. Generally  decomposition  takes  place  with  the  formation  of  red 
vapors. 

Carbohydrate  group. — All  true  nucleic  acids,  or  polynucleotides,  of 
animal  origin  thus  far  examined  have  been  found  to  contain  a  hexose 
group,  or  several  of  them ;  whereas  the  nucleic  acid  from  yeast  and  that 
from  wheat,  called  tritico-nucleic  acid,  contain  a  pentose.  Kossel  dis- 
covered that  on  hydrolysis  the  thymus  nucleic  acid  yielded  levulinic  acid 
and  formic  acid.  It  does  not  yield  a  reducing  sugar.  The  production 
of  levulinic  and  formic  acid  indicated  clearly  the  presence  of  a  hexose, 
since,  as  we  have  seen  in  the  chapter  on  carbohydrates,  the  hexoses  yield 
these  bodies  when  heated  with  acid.  On  the  other  hand,  he  found  in 
yeast  nucleic  acid  on  hydrolysis  no  le\Tilinic  acid,  but  a  reducing  sugar 
which  gave  large  quantities  of  furfural  when  distilled.  This  showed 
the  carbohydrate  in  this  nucleic  acid  to  be  a  pentose.  Nucleic  acids  from 
fish  sperm,  thymus,  spleen,  liver,  testes,  pancreas,  supra-renals,  brain, 
lining  of  the  alimentary  canal  and  kidneys  have  all  been  found  to  yield 
levulinic  acid  and  hence  contain  hexoses  in  the  molecule.  The  nature 
of  this  hexose  is  still  uncertain.  It  gives  a  saccharic  acid  (episaccharic 
acid)  of  as  j'et  undetermined  nature  when  the  nucleic  acid  is  hydrolyzed 
with  nitric  acid  (Steudel).  It  has  recently  been  suggested  (Peulgen) 
that  it  is  of  the  nature  of  glucal,  an  aldehyde  derivative  of  glucose, 
C„H,„04.  Glucal  is  an  unstable  non-toxic  substance.  When  a  pentose  is 
present  it  is  d-ribose. 

That  the  substances  thus  obtained  constitute  all  that  there  are  in 
the  nucleic  acid  molecule  is  made  probable  by  the  recent  work  of  Steudel 
and  Levene.  Steudel  by  means  of  his  nitric  acid  method  of  hydrolysis 
obtains  nearly  a  quantitative  yield  of  the  purine  bases.  The  phosphoric 
acid  is  easy  to  determine,  but  the  determinations  of  the  carbohydrate 
and  the  pyrimi  dines  are  still  far  from  being  quantitative.  Steudel  gives 
the  following  result  of  an  attempt  at  a  quantitative  analysis.  It  is 
assumed  that  the  molecule  contains  four  phosphoric-aeid  groups;  two 
purines;  two  pyrimidines;  and  four  carbohydrate  nuclei.  He  found 
28.95  per  cent,  of  the  total  nitrogen  as  guanine  nitrogen ;  38.42  per  cent, 
as  adenine  nitrogen ;  11.47  per  cent,  as  cytosine ;  and  13.11  per  cent,  as 
thymine  nitrogen,  making  a  total  of  92  per  cent,  of  the  whole  nitrogen. 
As  the  methods  are  not  exactly  quantitative,  it  is  clear  that  these  four 
bases  are  probably  the  only  ones  present.  The  amounts  of  the  bases 
isolated  and  computed  were  as  follows: 

Compnted  i<onna 

Guanine    10.72  9.01 

Adenine    9.58  10.68 

Cystosine   7.86  4.26 

Thymine    8.93  8.33 
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As  some  of  the  cytosine  is  unavoidably  converted  into  uracil  by  the 
hydrolysis,  the  agreement  must  be  considered  as  very  satisfactory. 

To  determine  the  carbohydrate  he  weighed  the  levulinic  acid  formed 
and  computed  from  the  figures  of  Conrad  and  Gultzeit  how  much  carbo- 
hydrate this  amount  of  levulinic  acid  represented.  His  complete  analyses 
of  thymus  and  sperm  nucleic  acids  were  as  follows : 

Computed  for  C4aH,7NisOsoP4       Found 

Guanine    10.88  8.7 

Adenine    9.73  10.5 

Thymine     9.08  8.2 

Cytosine   9.15  4.2 

Phosphoric  acid    20.46  20.31 

Hexose 51.  57. 

111.20  108.9 

The  decomposition  may  be  represented  as  follows: 
CHN    PC     +8H0=CHN0+CHN+CHN0+CHN0  + 
Nucleic  acid.  Guanine.        Adenine.      Thymine.       Cytosine. 

4CH    O   +4HP0, 

6      12     6     >  3 

Hexose.    Metaphosphoric 
acid. 

The  agreement  is  as  good  as  could  be  expected.    Nucleic  acid  consists, 

then,  of  these  few  building  stones  and  50  per  cent,  of  the  molecule  is 

carbohydrate.    The  nature  of  this  carbohydrate  of  the  animal  nucleic 

acids  has  not  yet  been  determined  beyond  the  fact  that  it  is  a  hexose. 

It  is  possibly  not  always  the  same  hexose. 

Structure  of  the  molecule. — ^We  may  now  take  up  the  problem  of 
the  way  in  which  these  smaller  molecules  are  united  to  build  up  the  big. 
Kossel  very  early  suggested  that  nucleic  acid  was  composed  of  a  polymer- 
ized metaphosphoric  acid  to  which  the  bases  and  carbohydrates  were 
attached  and  structural  formulas  based  on  his  findings  were  proposed  by 
Bang  and  Osborne  and  Harris.  In  these  suggestions  the  backbone  of 
the  molecule  consisted  of  four  molecules  of  phosphoric  acid  to  which  the 
bases  and  carbohydrates  were  attached.  The  real  structure  of  the  mole- 
cule has  been  elucidated  largely  by  the  work  of  Neuberg  on  the  simple 
nucleic  acid,  inosinic  acid,  and  of  Bang  and  Levene  and  Jacobs  on 
guanylic  acid,  and  Jones  and  Levene  on  yeast  nucleic  acid.  Since  the 
first  two  acids  have  contributed  to  our  understanding  of  the  structure  of 
the  nucleic  acid  molecule,  we  may  stop  and  consider  them  here,  although 
they  are  possibly  not  constituents  of  the  nuclei. 

Guanylic  acid. — This  is  an  acid  belonging  to  the  general  group  of 
nucleic  acids,  but  being  less  complex  than  those  found  in  the  cell  nuclei. 
It  is  a  mononucleotide,  and  may  be  called  guanosine  phosphoric  acid. 
It  was  isolated  by  Bang  from  the  ox  pancreas  and  was  found  by  him  to 
contain  no  other  base  than  guanine,  whence  its  name,  phosporic  acid 
and  a  pentose.  Bang  thought  it  contained  glycerol,  but  this  was  incor- 
rect.   This  acid  is  found  in  the  ox  pancreas  in  addition  to  the  real  nucleic 
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acid  which  we  have  been  considering.  It  has  been  obtained  also  from 
the  liver  and  spleen  and  from  yeast.  It  is  best  obtained  from  Ham- 
marsten  's  nucleoproteid  in  the  following  way : 

If  the  fresh  pancreas  of  the  ox  is  hashed  and  boiled  with  water, 
Hammarsten  found  that  a  nucleoproteid  went  into  solution  in  the 
water,  from  which  it  could  be  obtained  by  slightly  acidifying  with  acetic 
acid,  the  nucleoproteid  being  precipitated.  The  gland  residue  from 
which  this  nucleoproteid  has  been  extracted  will  yield  the  true  nucleic 
acid  of  the  type  of  those  already  considered,  if  treated  by  Neumann's 
method.  The  guanylic  acid  is  separated  from  the  nucleoproteid  precipi- 
tate by  redissolving  in  sodium  hydrate,  reacidifying,  precipitating  and 
filtering.  The  filtrate  is  poured  into  alcohol.  The  guanylic  acid  precipi- 
tates as  a  powder.  This  guanylic  acid  Steudel  showed  contained  no 
glycerol,  no  levulinic  acid,  but  only  guanine,  phosphoric  acid  and  a  pen- 
tose. Its  constitution  was  worked  out  by  Levene,  who  succeeded  in 
isolating  from  it  both  a  compound  of  guanine  and  pentose,  a  pentoside, 
or  a  nucleoside  as  he  called  it,  guanosine ;  and  on  the  other  hand  a  phos- 
phoric acid  pentose  compound.  These  facts  showed  that  the  pentose 
was  united  both  to  the  guanine  and  to  the  phosphoric  acid  and  that  its 
composition  was  as  follows: 

0  =  C— NH 

0  H     H      H      H      H  II 

II  I         I        I        I        I  /NH-Cl!     C  =  NH 

HO  — P  — 0  — C  — C  — C  — C  — C  — C< 

I  I        I        I        I  ^N     _C— -NH 

I        I        I        I       OH    OH 

OH  HO 


Guanylic  acid. 
While  its  molecular  weight  has  not  been  directly  determined,  the  com- 
pounds it  forms  leave  little  doubt  that  it  is  but  a  single  molecule,  a  mono- 
nucleotide as  Levene  and  Jacobs  call  it.  The  character  of  the  pentose  was 
long  in  doubt,  but  the  authors  just  mentioned  have  shown  that  it  is 
d-ribose,  a  levo-rotatory,  aldose  pentose  of  the  arabinose  type  not  pre- 
viously known  to  occur  in  animals.  The  point  of  union  of  the  sugar 
with  the  guanine  is  not  yet  certain,  but  it  is  either  in  purine  7  or  8  as 
is  figured,  and  probably  the  latter,  although  Burian  thought  the  union 
was  in  number  7.  Guanosine  is,  therefore,  a  pentoside.  It  may  be  men- 
tioned that  the  position  of  the  attachment  of  the  phosphoric  acid  in  the 
sugar  is  also  uncertain.  Guanosine,  C10H13N5O5,  does  not  reduce 
Fehling's  solution  until  it  is  decomposed.    [«jy= — 60.52. 

Guanylic  acid  has  also  been  separated  from  ox  liver  and  Jones  suc- 
ceeded in  getting  it  from  yeast  nucleic  acid  by  a  quick  digestion  by  an 
enzyme,  tetra-nucleotidase,  found  in  the  pig  pancreas.  Guanylic  acid 
is  dextro-rotatory. 

Inosinic  acid. — This  is  an  acid  similar  to  guanylic  acid,  but  it  is 
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composed  of  a  molecule  of  hypoxanthine,  a  pentose  and  phosphoric  acid. 

It  was  isolated  from  Liebig's  beef  extract  and  is  supposed  to  occur  in 

muscle.     Whether  it  does  pre-exist  in  the  muscle  is  probable,  but  not 

certain.    It  was  the  study  of  this  acid  by  Neuberg  which  really  gave  the 

key  to  the  structure  of  the  nucleic  acids.    Neuberg  thought  it  had  the 

formula  O 

II 
Hypoxanthine — 0 — P — 0 — pentose 

I 
OH 

But  Levene  and  Jacobs  isolated  from  it  a  compound  called  inosine,  a 

union  of  pentose  and  hypoxanthine,  showing  that  inosinic  acid  must  havt; 

a  formula  similar  to  guanylic  acid.    It  is  not,  however,  identical  in  its 

structure.    From  yeast  another  pentoside  was  isolated,  an  adenine  pen- 

toside  called  adenosine.    Guanosine  had  already  been  isolated  by  Schulze 

from  plants  and  called  by  him  vermin.    Uridine,  C5H9O4.C4H2N2O  ( OH ) , 

is  the  ribose  uracil  nucleoside. 

Nucleic  acid. — Levene  and  Jacobs  have  also  isolated  other  fragments 

of  the  molecule  of  yeast  and  thymo-nucleic  acid.    They  conclude  from 

their  work  and  that  of  Steudel  that  the  structure  of  thymus  nucleic  acid 

is  probably 

OC— ira 


H 

0 
HO— P=0 


H      0      H     H 

I        I         I        I 
C— C  — C  — c- 

I     I     I     I     I 

OH  H      OH   OH   H 


0    OH 

-y./oH 


-d     L: 


NH- 


NH 


I  I        I       H      H      6 

L  — C—  C  — C  — C  — C  — C 

J,       II       !•    1 

H       H     H      OH   0 


Thymine. 


H       H     H      OH 


H 
H 


k 


C  —  C   -  -  Cytosine. 


O      0— POH 

I         O^V 
HO— P  =  0 

!'  HN— C  =  N 

O     OH    H     OH   Oh   H  '        11 

I 


Thymo-nuoleie  acid  (Levene  and  Jacobs). 


Till'.    PUOTKINS 
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This  would  CO!  respond  with  Steudel's  formula,  C^sH^jNijOaoP^.  Such 
a  nui'leif  acid  would  be  a  tetra-nucleotide. 

While  the  facts  seem  to  bear  out  this  formula,  in  its  main  features 
at  any  rate,  it  cannot  be  said  that  it  is  as  yet  conclusively  established. 
The  exact  point  of  attachment  of  the  phosphoric  acid  to  the  sugar  is  still 
iibscure.  The  great  difficulty  of  hydrolyzing  the  di-nucleotide,  thymic 
acid,  seemed  lo  indicate  that  the  union  between  the  pyrimidine  nucleo- 
tides was  not  through  phosphoric  acid,  but  was  an  ether-like  union.  It 
will  be  noticed  that  the  molecule  as  written  in  the  Levene- Jacob's  formula 
is  hexabasic.  All  of  the  four  nucleotides  of  yeast  nucleic  acid,  i.e., 
adenosine  phosphoric  acid,  cytidine  phosphoric  acid,  guanosine  phos- 
phoric acid  and  uridine  phosphoric  acid,  have  now  been  obtained  crys- 
talline.    (Jones  and  Kennedy;  Levene.) 

Another  possible  formula  would  be  the  following: 


HO  o 

I  H     H  I      H 

I         <     I  I     I 

O  =  P— O  —  C  —  C 


NH  C: 

2 


H 


N 
NH— C    CH 


C  —  C  —  C  —  C-r/  II       1 

I     I      I     I      I      I        ^  N-c-i5r 

H      OH   H      OH    OH    H 


0 
O  =  P— O- 

0 
O  =  P— 0- 

0 


H     H 

.1        I        I 


n, 


H 

L 


c  —  c  —  c  —  c  —  c  —  c- 
l       I        I       I        I        I 
H      OH    H      OH    OH    H 


Thymine 


H     H 

I        I 
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I      I 

H      OH    H 
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H      H 
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I      I 


-  C  —  C  —  C  —  Cytosine 


OH    OH    H 


H     H 


H 


H 

P— 0— ,^_C  — C  — C  — C- 

I     -I        I        I        I        I 
H     OH   H     OH    OH   H 
OH 


()  =  C— NH 

I       I 
,NH— C    CNH 

■  <-■  <  II      II 

^     N— C— N 


Nucleic  acid.    A  possible  formula. 

Does  nucleic  acid  exist  outside  the  nucleus? — There  are  several  very 
interesting  questions  as  yet  unsolved  concerning  the  location  in  the  cell 
of  the  nucleic  acid.  It  seems  probable,  though  there  is  nothing  really 
known  about  it,  that  guanylie  and  inosinic  acid  may  be  in  the  cytoplasm 
of  the  cells  in  which  they  occur,  though  they  may  be  in  the  nucleus.  It 
is  possible  that  they  do  not  exist  free  in  the  cell,  but  are  united  with  the 
true  nucleic  acid  and  are  set  free  by  endocellular  enzymes.  Nothing  is 
really  known  about  their  function  or  location.  Their  staining  reaction 
will  probably  resemble  that  of  the  real  nucleic  acids.  Guanylie  acid 
gelatinizes  much  as  the  nucleic  acids,  and  it  was  this  property  that  caused 
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Bang  to  maintain  that  it  must  be  more  complex  than  a  single  nucleotide. 
Inosinic  acid  is  probably  the  source  of  the  hypoxanthine  of  muscle  and 
it  is  very  interesting  that  this  substance  is  increased  during  muscular 
contraction. 

There  can  be  little  doubt  that  the  true  nucleic  acids,  that  is  the  poly- 
nucleotides, like  thymus  nucleic  acid,  are  found  only  in  the  nucleus.  This 
was  first  indicated  by  the  work  of  Kossel,  who  determined  the  amount 
of  purine  bases  obtainable  from  different  tissues.  The  amount  ran  pro- 
portional to  the  amount  of  nuclear  material  present;  it  was  high  in 
embryonic  tissue;  in  the  thymus;  and  low  in  muscle.  It  is  shown  also 
by  the  fact  that  no  nucleic  acid  is  found  in  some  unfertilized  eggs  where 
the  nuclei  are  very  small'in  proportion  to  the  cytoplasm,  and  none  in  the 
mammalian  red  blood  cells  which  lack  nuclei.  On  the  other  hand,  nucleic 
acid  is  found  wherever  nuclei  occur,  as  in  the  red  corpuscles  of  bird's 
blood  which  are  nucleated.  It  has  never  been  shown  positively  to  be 
a  constituent  of  the  cytoplasm,  but  it  is  certain  that  it  is  found  in  the 
nucleus.  It  is  probable,  therefore,  that  it  is  confined  to  the  nucleus,  but 
there  are  some  facts  which  may  be  urged  against  this  conclusion.  For 
example,  some  believe  that  nucleic  acid  is  found  in  the  cytoplasm,  because 
not  all  the  cytoplasmic  phosphoric  acid  in  organic  union  is  split  off  from 
its  union  by  sodium  hydrate.  If  the  substance  in  the  cytoplasm  was  a 
vitellin,  or  casein-like  compound,  it  would  presumably  have  been  split 
off.  Nucleic  acid,  unlike  the  phosphoproteins,  does  not  split  off  its  phos- 
phoric acid  when  treated  by  alkali  hydrates.  And  recently  nucleic 
acid  has  been  found  in  the  sea-urchin's  egg,  where  the  nuclei  are  very 
small.  The  author  got  a  substance  with  some  of  the  properties  of  nucleic 
acid  in  some  quantity  from  unfertilized  eggs  of  the  sea-urchin.  It  could 
not  be  positively  identified,  however,  as  the  quantity  was  too  small.  In 
all  these  cases,  then,  it  is  still  uncertain  whether  the  substances  described 
were  really  nucleins,  and  the  probability  is  that  they  did  not  contain  true 
nucleic  acid.  Further  work,  however,  is  necessary  on  this  subject  before 
a  definite  statement  can  be  made  that  nucleic  acid  is  never  found  in  the 
cytoplasm.  It  is  certain,  however,  that  most  of  the  phosphoric  acid 
compounds  in  the  cytoplasm  are  not  nucleic  acids. 

Are  all  nucleic  acids  the  same? — The  question  whether  all  animal 
nuclei  contain  the  same,  or  different,  nucleic  acids  cannot  be  answered 
definitely,  since  only  two  of  the  animal  nucleic  acids  have  been  accu- 
rately examined,  namely  that  of  the  sperm  of  herring  and  from  the 
thymus  gland  of  calves.  These  two  acids  appear  to  be  identical.  They 
contain  the  same  bases  in  the  same  proportions  and  they  have  the  same 
physical  properties.  Until  the  nature  of  the  carbohydrate  is  discov- 
ered it  is  impossible  to  say  whether  they  contain  the  same  carbohydrate, 
but  all  indications  are  that  these  two  nucleic  acids  are  identical.  Since 
they  come  from  such  widely  different  sources,  it  would  indicate  that 
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probably  the  same  nucleic  acid  is  found  in  totally  different  kinds  of  cells, 
a  conclusion  of  the  utmost  importance  in  interpreting  the  probablft.rple 
of  nucleic  acid  in  the  cell.  All  other  nucleic  acids  of  animal  origin, 
except  guanylie  and  inosinic  acids,  have  been  found  to  yield  the  same 
splitting  products  when  hydrolyzed,  so  that  they  must  be  closely  similar 
to  thymus  nucleic  acid,  if  they  are  not  identical  with  it. 

On  the  other  hand,  only  two  plant  nucleic  acids  have  been  carefully 
examined.  These  are  triticonucleic  acid  from  wheat,  and  yeast  nucleic 
acid.  These  are  apparently  identical,  and  they  diifer  from  the  animal 
nucleic  acids  in  having  d-ribose,  a  pentose  sugar,  in  the  place  of  a  hexose. 
They  may  also  differ  in  other  particulars.  The  composition  of  neither 
of  these  acids  is  exactly  known,  and  particularly  the  molecular  weight 
has  not  been  determined.  Steudel's  analyses  indicate  that  yeast  nucleic 
acid  may  be  a  tri-nucleotide  and  not  a  tetra-nucleotide,  as  Levene  thinks. 
No  one  has  as  yet  isolated  yeast  nucleic  acid  which  on  analysis  would 
yield  figures  for  carbon,  phosphorus  and  nitrogen  comparable  with  a 
tetra-nucleotide.  But  this  may  be  due  to  the  fact  that  yeast  contains  a 
nucleotidase,  and  possibly  if  some  of  the  yeast  cells  are  dead  when  ana- 
lyzed a  partial  digestion  of  the  nucleic  acid  may  have  taken  place.  Only 
fresh,  living,  active  yeast  should  be  used  for  the  preparation  of  this  acid. 

Another  possibility  which  complicates  the  question  jof  the  identity 
of  the  nucleic  acids  is  that  in  the  nucleus  we  may  have  a  polymer  of  a 
tetranucleotide,  as  Steudel  has  suggested  for  the  sperm  head.  He  found, 
namely,  that  the  viscosity  of  the  solution  of  the  herring  sperm  heads  in 
alkali  was  greater  than  an  equivalent  solution  of  protamine  nucleate ;  and 
he  inferred  from  this  a  different  state  of  aggregation  of  the  nucleic  acid 
outside  and  inside  the  cell.  It  is  of  course  possible  that  some  other 
factor  than  that  suggested  was  responsible  for  the  observed  result. 

The  tentative  conclusion  may  with  all  reserve  be  drawn  from  the  fore- 
going facts,  that  the  nucleic  acids  of  different  nuclei  of  animal  tissues 
are  certainly  closely  similar  if  they  are  not  identical.;  but  that  they  differ 
in  their  carbohydrate  radicles  from  such  plant  nucleic  acids  as  have 
been  examined.  It  is  possible  that  the  hexose  component  will  not  be 
found  to  be  the  same  everywhere.  Their  similarity  would  clearly  indi- 
cate that  nucleic  acids  have  the  same  function  in  all  cells.  If  they  inter- 
vene actively  in  cell  metabolism,  it  must  be  in  connection  with  some 
fundamental  cell  property  such  as  growth,  irritability  or  respiratipn 
which  is  common  to  all  cells.  It  may  be,  however,  that  it  has  only  the 
function  of  a  supporting  structure,  or  aids  in  keeping  the  physica,! 
viscosity  of  the  nucleus  what  it  has  to  be.  In  favor  of  this  view  it  may 
be  mentioned  that  it  is  a  fairly  stable  substance,  otherwise  it  could  not 
accumulate,:  and  its  most  probable  function  would  appear  to  the  writer 
to  be  that  it  serves  as  a  colloidal,  gelatinous  substratum  in. -the  nature 
of  an  organic  skeleton  to  which  the  specifically  active,  more  labile. 
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albuminous  constituents,  possibly  of  a  catalytic  nature,  may  be  attached. 
Forming  a  firm  union  with  the  acid,  these  active  substances  may  be  thus 
confined  to,  or  located  in,  the  nucleus  from  which  they  may  at  times  get 
free.  But  nothing  positive  as  to  its  function  can  be  stated  without  further 
investigation. 

It  is  of  interest  to  recall,  in  view  of  the  foregoing  statement,  that  all 
so-called  nuclear  stains  of  a  basic  nature,  with  the  exception  of  the  mor- 
danted stains  such  as  iron  hematoxylin,  combine  with  the  nucleic  acid. 
In  thus  following  the  chromatin  and  chromosomes  by  means  of  these 
stains,  cytologists,  if  the  view  stated  above  of  the  significance  of  nucleic 
acid  is  correct,  may  be  following  the  inert  skeletal  material  of  the  nucleus, 
while  the  active  albuminous  material  is  entirely  neglected  for  the  reason 
that  it  does  not  gel  and  does  not  stain  with  basic  dyes.  All  theories  of 
inheritance  based  on  the  behavior  of  the  nucleic  acid  of  the  nucleus,  that 
is  the  behavior  and  number  of  the  chromosomes,  must  be  accepted  only 
with  the  greatest  reserve,  until  the  function  of  this  substance  may  be 
shown  to  be  something  more  than  a  skeletal  substance.  We  have  as  yet 
no  chemical  evidence  that  the  different  chromosomes  have  different 
nucleic  acids  in  them,  but  such  evidence  as  we  have  is  contrary  to  this 
view.  If  the  chromosomes  do  differ  chemically,  as  perhaps  their  indi- 
vidual and  peculiar  shapes  and  sizes  may  indicate,  it  is  more  probable, 
as  we  shall  shortly  see,  that  they  differ  in  their  protein  or  basic  rather 
than  in  their  acid  moieties. 

THE  BASIC  CONSTITUENTS  OF  THE  NUCLEUS.— Nucleic 
acid  is  either  a  hexa-  or  tetra-basic  acid,  probably  the  former;  and  it 
forms  a  series  of  salts.  We  have  now  to  ask  the  question  with  what  basic 
isubstances  is  nucleic  acid  united  in  the  chromatin  ?  Are  the  bases  organic 
or  inorganic? 

It  is  probable  that  some  inorganic  bases,  i.e.,  calcium,  are  present; 
it  is  certain  that  organic  bases  of  a  protein  nature  are  always  present. 
The  only  nuclei  carefully  examined  in  a  clean  form,  free  from  cytoplasm, 
are  the  sperm  heads,  and  possibly  the  nuclei  of  birds'  corpuscles.  These 
always  yield  some  calcium  phosphate  when  dissolved  or  ashed.  It  seems 
certain  that  calcium  is  generally  present.  MacCallum,  from  cytological, 
microchemical  studies,  has  concluded  that  nuclei  contain  no  potassium, 
since  around  the  outside  of  the  nucleus  he  generally  obtains  a  deposit  of 
potassium-cobalto  nitrite  by  his  method,  but  none  in  the  nucleus.  But  to 
his  conclusion  it  may  be  objected  that  the  place  where  the  precipitate 
forms  is  not  necessarily  indicative  of  the  location  of  the  soluble  salt. 
There  is,  indeed,  very  little  evidence  of  what  inorganic  salts  or  bases  we 
have  in  the  nucleus  itself.  This  question  must  be  left  for  further  work. 
It  appears,  from  some  recent  work,  that  iron,  contrary  to  an  earlier  view, 
is  not  present  in  all  nuclei. 
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The  organic  bases  which  occar  in  some  chromatins  are  among  the 
most  interesting  substances  in  the  cell,  whether  considered  from  the 
physiological  or  chemical  point  of  view.  Our  knowledge  of  these 
bases,  the  study  of  which  gave  Kossel  the  clew  to  the  constitution 
of  the  proteins,  we  owe  chiefly  to  Kossel  and  Miescher  and  pre-eminently 
to  the  former.  These  bases  are  protein  in  nature  and  consist  either 
of  basic  proteins  called  protamines  or  histones,  or  of  other  more  com- 
plex proteins. 

The  protamines. — If  the  sperm  heads  of  the  salmon,  sturgeon,  her- 
ring and  other  fishes  are  extracted  with  10  per  cent,  sulphuric  acid,  or 
hydrochloric  acid,  there  goes  into  solution  about  19  per  cent,  of  the  dry, 
alcohol-  and  ether-extracted  heads.  The  nucleic  acid  remains  behind 
more  or  less  altered  and  insoluble.  Three  extractions  of  the  heads  with 
10  per  cent,  sulphuric  acid  for  about  half  an  hour  at  a  time  will  take  out 
practically  all  of  the  removable  base.  The  substance  which  goes  into 
solution  as  a  sizlphate  is  of  a  protein  nature ;  when  precipitated  by  alcohol 
as  the  sulphate  it  is  a  white,  somewhat  hygroscopic,  amorphous  powder, 
giving,  in  the  case  of  the  herring,  salmon  and  sturgeon  sperm,  no  Millon, 
or  xanthoproteic,  or  tryptophane  reaction,  but  a  good  biuret  reaction. 
This  substance  was  named  protamine  by  its  discoverer,  Miescher,  who 
obtained  it  from  salmon  sperm  (Gr.  protos,  first,  amine).  The  protamine 
from  salmon  is  called  salmin. 

General  properties.  The  protamines,  although  individually  different, 
have  the  following  properties  in  common :  In  the  free  state  all  are  strong 
bases,  alkaline  to  litmus,  and  not  precipitated  by  ammonia.  They  give 
a  splendid  biuret  test,  but  Millon,  xanthoproteic  or  Adamkiewicz  reac- 
tions are  in  many  cases  negative,  but  in  some  protamines  positive.  They 
are  digestible  by  trypsin,  but  not  by  pepsin-hydrochloric  acid ;  they  are 
readily  soluble  in  water,  but  not  in  alcohol,  and  their  sulphates  separate 
as  an  oil  when  the  saturated  aqueous  solution  is  shaken  with  ether.  They 
are  not  coagulated  or  changed  by  heating.  They  precipitate  proteins  by 
uniting  with  them  in  ammoniaeal  solution,  and  this  is  a  very  delicate 
test  for  them.  In  this  respect  they  act  like  metallic  bases.  Unlike  most 
proteins,  they  are  precipitated  from  a  neutral  solution  by  neutral  solu- 
tions of  sodium  picrate,  ferrocyanide  or  tungstate,  and  they  may  even 
be  precipitated  in  faintly  alkaline  solutions.  The  reason  for  this  pecu- 
liarity has  already  been  explained.  They  are  such  strong  bases  that  their 
molecules  are  electro-positive  even  in  faintly  alkaline  solutions.  On 
analysis  they  consist  of  carbon,  hydrogen,  oxygen  and  nitrogen,  but  they 
contain  no  sulphur.     The  elementary  analyses  of  some  are  as  follows: 

C  H  N  o  Pt         CI 

Clupein 47.93  7.59  31.68  12.78       —         —       Free  base. 

Salmin    22.96  4.32  14.83  6.7  24.73  26.56    Plat,  chloride  salt. 

StTirin   24.32  4.49  14.20  8.47  23.10  25.42 
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The  "formula  for  salmin  is  probably  CjeHia^Ns^Oja ;  that  for  sturin, 
CgeHegNigO,.    The  molecular  weight  is  not  yet  determined. 

The  protamines  differ  from  all  other  proteins  in  the  small  number  of 
different  amino-aeids  they  yield  on  hydrolysis  and  in  the  character  of 
these  acids.  Kossel  found  that  salmin,  one  of  the  simplest,  yielded  87 
per  cent,  of  its  molecule  as  arginine,  and  it  was  this  discovery  which  sug- 
gested to  him  the  constitution  of  the  proteins.  The  composition  of  the 
hydrolytic.  cleavage  products  of  numerous  protamines  is  given  on 
page  128.' 

Does  the  sperm  chromatin  consist  exclusively  of  protamine 
nucleinate? — The  chromatin  of  the  sperm  head  is  supposed  to  be  the 
bearer  of  the  hereditary  qualities  and  zoologists  have  pictured  it  as  com- 
posed of  individual  units,  biophores  or  determinants,  each  of  which  rep- 
resents some  specific  unit-character  of  the  adult.  If  this  hypothesis 
were  true,  we  should  expect  the  sperm  chronatin  to  be  extremely  com- 
plex; more  complex  indeed  than  any  chromatin  in  the  body,  since  it  is 
supposed  to  represent  them  all.  As  a  matter  of  fact,  chemical  examina- 
tion shows  this  chromatin  in  the  fish  sperm  to  be  the  simplest  found  any- 
where. The  heads  of  the  herring  sperm  do  not  contain  any  tyrosine; 
they  give  no  Millon,  xanthoproteic  or  tryptophane  test.  They  contain  no 
coagulable  protein.  They  have  the  foUoTving  composition  after  extrac- 
tion with  alcohol  and  ether : 

Average 
C     40.99 — il.48  41.20 

H      0.62—  5.83  5.75 

N     20.78—21.44  21.06 

P      5.87—  6.33  6.07 

Steudel  has  recently  confirmed  these  figures.  Accepting  his  formula  for 
the  composition  of  nucleic  acid,  C43Hg7NigP403o,  and  Kossel's  formula  for 
clupein,  or  salmin,  C30H57N17O6,  there  would  be  required  for  protamine 
nucleate : 


Compated  for 

17011  nH 

CTiHusNaaOssPi 

c  UUllU 

C     40.97 

41.24 

H       5.33 

5.27 

N     20.95 

21.09 

P      5.80 

6.02 

0     26.95 

26.37 

This  formula  requires  64.8  per  cent,  nucleic  acid  and  35.2  per  cent, 
protamine.  He  actually  isolated  93  per  cent,  of  the  calculated  amounts 
of  each  of  these  substances  and  the  deficit  was  undoubtedly  due  to  the 
fact  that  the  methods  are  not  entirely  exact.  There  can  be  no  doubt, 
therefore,  that  the  chromatin  of  herring  sperm  when  fully  ripe  consists 
of  a  neutral  salt  of  protamine  nucleate.  Miescher  found  very  similar 
relationships  in  the  salmon  sperm,  the  head  consisting  largely  or  wholly 
of  salmin  nucleate.  The  white  fish  sperm  head  has  the  composition: 
C„„H,,,AA=(C,,H„N„P,0,„),— 24H,0. 
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Nature  of  the  union  of  protamine  and  nucleic  acid.  The  ease  with 
which  the  protamine  may  be  separated  from  the  nucleic  acid  by  acids 
or  alkalies  indicates  clearly  that  the  two  are  in  a  salt-like  union.  Prob- 
ably the  union  is  between  the  free  amino  groups  at  the  end  of  the  chain 
of  the  arginine  and  the  acid  radicle  of  the  nucleic  acid  (Steudel).  By 
extracting  first  with  alkali  these  free  amino  groups  of  the  arginine  of 
the  salmin  are  decomposed,  ammonia  being  set  free  and  ornithine  re- 
maining. If,  now,  the  compound  is  acidified  a  reunion  of  the  nucleic  acid 
and  protamin  does  not  take  place.  This  is  the  probable  basis  of  the 
Neumann  method  of  preparing  nucleic  acid.  But  there  can  be  equally 
little  doubt  that  we  often  have  other  than  salt  unions  between  the  pro- 
tein and  nucleic  acid.  It  is  impossible  to  extract  all  the  protein  from 
the  nuclei  of  all  cells  by  acid.    The  union  is  too  firm. 

Other  basic  constituents.  Histone.  In  the  sperm  of  the  sea  urchin, 
Arbaeia,  the  author  isolated  by  acid  extraction  a  basic  protein  resem- 
bling histone  in  some  particulars  and  protamine  in  others.  About  11  per 
cent,  by  weight  of  the  alcohol  and  ether  extracted,  dried  whole  sperm 
was  extracted  by  acid.  The  arbaein  sulphate  contained  15.91  per  cent, 
of  nitrogen,  whereas  protamine  sulphate  contains  about  25.13  per  cent. 
In  this  experiment  the  sperm  heads  were  not  separated  from  the  tails. 
The  substance  was  not  a  true  histone,  for.  it  did  not  precipitate  with 
ammonia,  except  very  incompletely.  Nucleic  acid  was  also  isolated. 
Arbaein  was  strongly  basic  and  gave  the  Millon  test.  Only  a  small  pro- 
portion of  the  protein  could  be  extracted  by  acid  from  the  sperm,  indi- 
cating that  not  all  of  it  was  in  a  salt  union,  or  else  that  the  tails  made 
a  very  considerable  proportion  of  the  whole. 

The  chromatin  of  both  thymus  gland  and  bird's  blood  corpuscles  con- 
tains a  basic,  simple  protein,  histone,  in  a  salt  union  with  nucleic  acid. 
This  fact  was  also  discovered  by  Kossel.  These  nuclei  have  been  recently 
obtained  and  studied  by  Aekermann. 

The  method  of  isolating  the  nuclei  has  already  been  given  (page  162). 
The  dried  nuclei  after  alcohol  and  ether  extraction  contained  3.93  per 
cent.  P;  17.20  per  cent.  N.  If  Steudel 's  formula  for  nucleic  acid  is  used 
in  place  of  the  formula  employed  by  Aekermann,  it  is  computed  from  the 
phosphorus  that  the  nuclei  contain  43.96  per  cent,  nucleic  acid  and 
56.04  per  cent,  of  histone,  if  they  contain  only  histone  nucleate.  Froifi 
Steudel 's  formula  nucleic  acid  contains  15.18  per  cent,  of  N.  Hence  in 
100  grams  of  the  nuclei  containing  17.2  grams  of  nitrogen,  6.67  grams 
are  in  the  nucleic  acid  and  10.53  grams  in  the  histone.  Since  histone 
contains  18.3  per  cent.  N,  the  nuclei  must  contain  57.5  per  cent,  of  histone. 
Both  nitrogen  and  phosphorus  indicate,  therefore,  that  the  nuclei  con- 
tain 43-44  per  cent,  of  nucleic  acid  and  56-57  per  cent,  of  histone.  Aeker- 
mann actually  extracted  by  hydrochloric  acid  (1  per  cent.)  63.9  per  cent. 
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(53.9?)  of  histone,  leaving  46.1  per  cent,  insoluble  nucleic  acid  instead 
of  about  44  per  cent.  Some  purine  bases  undoubtedly  went  into  solution 
and  the  residue  contained  only  7.79-7.99  per  cent,  of  P  and  15  per  cent. 
of  N,  so  that  some  histone  may  have  been  left  unextracted.  Although 
these  figures  do  not  check  exactly,  the  method  not  being  quantitative,  it 
is  clear,  nevertheless,  that  these  nuclei  consist  chiefly,  if  not  entirely, 
of  histone  nucleate,  and  contain  no  other  protein  substance  in  any  quan- 
tity. If  the  molecular  weight  of  nucleic  acid  is  1,387  and  that  of  histone 
about  1,600,  which  is  the  simplest  formula  which  can  be  ascribed  to  it, 
a  molecule  of  chromatin  might  be  simply  histone  nucleate  containing  one 
molecule  of  each  substance. 

It  is  greatly  to  be  desired  that  studies  similar  to  these  should  be  made 
on  other  tissues  so  that  we  may  have  a  more  accurate  knowledge  of  the 
composition  of  the  chromatin  of  as  many  cells  as  possible.  Only  when 
this  is  done  will  physiological  chemistry  be  able  to  contribute  to  the  vexed 
and  vexing  question  of  chromosomal  inheritance. 

Concerning  the  nature  of  the  simple  protein  united  with  nucleic  acid 
in  other  nuclei  than  these  few  kinds,  nothing  is  known.  Basic  proteins 
corresponding  to  histone  and  protamine  have  not  been  isolated  from  other 
cells  than  those  mentioned. 

Enzymes  in  the  nucleus. — ^Many  nuclei,  and  particularly  the  large 
germinal  vesicles  of  starfish  eggs  when  unripe  (Asterias  vulgaris,  etc.) 
contain  very  little  of  the  morphological  substance  called  chromatin.  The 
greater  part  of  these  nuclei  consists  of  a  liquid  sap  which  contains  protein 
matter,  if  we  may  conclude  from  the  fine  precipitate  produced  in  it  by 
fixing  agents  such  as  mercuric  chloride.  No  one  has  yet  obtained  this 
nuclear  sap  for  chemical  analysis,  but  there  is  no  question  that  its  admix- 
ture with  the  extra-nuclear  cytoplasm  produces  marked  chemical  changes 
in  the  latter  and  greatly  stimulates  cell  respiration.  Delage,  Loeb  and 
the  author  have  particularly  studied  the  changes  so  produced.  If  unripe 
or  immature  eggs  in  which  the  germinal  vesicle  is  intact  are  placed  in 
sea-water,  some  of  the  eggs  rupture  the  nuclear  membrane  and  the 
nuclear  sap  mixes  with  the  cytoplasm.  Some  eggs  do  not  rupture  the 
nucleus  spontaneously,  but  they  may  be  made  to  do  so  artificially  by 
shaking.  Eggs  in  which  the  nuclear  sap  has  penetrated  the  cell  cyto- 
plasm behave  very  differently  from  eggs  in  which  the  nuclear  sap  remains 
in  the  nucleus.  If  rupture  of  the  membrane  takes  place,  the  eggs  become 
veiy  sensitive  to  oxygen  and  they  will  only  live  about  10-18  hours  in 
oxygenated  sea-water.  At  the  end  of  that  time  the  protoplasm  becomes 
opaque  and  seems  filled  with  a  multitude  of  spherules,  the  protoplasm 
being  disintegrated  into  these  spherules.  If,  however,  the  nuclear  sap 
does  not  penetrate  the  cell  cytoplasm  and  the  nuclear  membrane  remains 
intact,  or  if  the  eggs  after  the  nucleus  and  cytoplasm  are  mixed  are 
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placed  in  an  atmosphere  of  hydrogen,  or  if  they  are  slightly  poisoned  by 
potassium  cyanide  which  prevents  oxidation,  the  eggs  remain  alive  for 
several  days.  It  is  very  clear  from  this  experiment  that  when  the  nuclear 
wall  is  ruptured  either  naturally  or  by  mechanical  means,  the  eggs 
become  very  sensitive  to  oxygen  and,  if  not  protected  by  fertilization, 
they  will  rapidly  die  in  the  presence  of  oxygen.  The  most  probable 
explanation  of  these  facts  is  that  substances  are  present  in  the  nuclear 
sap  which  when  mixed  with  the  protoplasm  cause  the  mixture  to  undergo 
auto-oxidation  leading,  if  not  cheeked,  to  death.  A  simple,  though  per- 
haps not  a  correct,  way  of  stating  these  facts  is  that  the  nuclear  sap 
contains  oxidases,  or  substances  which  stimulate  respiration. 

The  change  in  the  cytoplasm  produced  by  this  admixture  of  nuclear 
sap  is  also  made  visible  in  other  ways  than  by  oxidative  changes.  Some- 
times spermatozoa  penetrate  eggs  which  do  not  maturate  and  in  which 
the  nuclear  wall  remains  intact.  In  that  case  no  typical  aster  develops 
about  the  advancing  sperm,  but  only  the  faintest  radiations  about  the 
sperm  nucleus.  This  may  be  the  case  even  though  the  sperm  is  lying 
close  to  the  germinal  vesicle.  If,  however,  it  enters  an  egg  which  has 
lost  the  nuclear  wall  so  that  the  nuclear  sap  can  escape,  the  typical 
big  asters  develop  at  once  about  the  sperm,  provided  the  eggs  have 
oxygen. 

Similar  facts  have  been  recorded  by  Delage.  If  a  piece  of  proto- 
plasm cut  from  an  egg  in  which  the  nucleus  is  intact  be  entered  by  a 
spermatozoon,  no  division  figure  is  developed.  If,  however,  a  sperm 
enters  a  piece  cut  from  an  egg  in  which  the  nuclear  membrane  has  been 
rupt\ired,  then  the  large  normal  sperm  aster  develops.  It  is  clear  that 
the  change  in  the  cytoplasm  produced  by  the  nuclear  admixture  enables 
the  sperm  to  produce  its  typical  effects.  Inasmuch  as  these  astral  figures 
are  dependent  for  their  existence  upon  a  supply  of  oxygen  and  disappear 
if  the  eggs  are  placed  in  hydrogen,  reappearing  again  when  they  are 
returned  to  oxygen,  their  behavior  again  indicates  the  important  part 
the  nuclear  sap  plays  in.  respiration.  Yatsu  found  that  nucleus-free 
pieces  of  Cerebratulus  eggs,  if  cut  off  from  the  eggs  before  maturation 
occurred,  would  not  develop  asters  when  treated  by  strong  magnesium 
chloride  solutions,  whereas  similar  pieces  cut  after  maturation  would 
develop  them. 

A  very  similar  phenomenon  illustrating  the  importance  of  the  nuclear 
sap  is  shown  in  the  first  segmentation  of  the  egg  of  the  sea  urchins, 
Arbacia  and  Toxopneustes.  Wilson  and  th.e  author  observed  that  a 
marked  pause  in  the  segmentation  process  occurs  just  before  the  segmen- 
tation. The  nuclear  wall  of  the  big  segmentation  nucleus  is  at  that  time 
intact.  The  large  segmentation  asters  fade  out,  except  near  the  nucleus. 
Suddenly  the  nuclear  wall  breaks  at  the  two  poles  close  to  the  asters.    It 
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appears  to  be  dissolved  or  digested  away.  By  this  means  the  nuclear  sap 
aud  the  asters  may  come  into  contact ;  and  coincident  with  this,  the  great 
radiations  of  the  asters  burst  forth  in  full  magnificence,  their  streamers, 
like  a  miniature  aurora  borealis,  flung  wide  throughout  the  cell,  and  cell 
division  is  rapidly  consummated.  Just  at  this  time,  too,  there  is  a  sud- 
den outburst  of  carbon  dioxide  and  the  cell  becomes  extremely  sensitive 
to  ether,  cyanides,  acids  and  other  poisons,  a  fact  clearly  indicative  that 
the  protoplasm  is  in  a  very  reactive  and  unstable  condition. 

All  these  facts  indicate  in  no  uncertain  manner  that  substances  are 
present  in  the  nuclear  sap  which  on  entering  the  cytoplasm  produce  chem- 
ical changes  there.  Not  only  are  respiratory  changes  stimulated  many 
fold,  but  also  digestion  seems  to  be  inaugurated.  Autolytic  enzymes 
also  evidently  become  active,  either  because  they  are  set  free  from  the 
nucleus,  or  because  the  nuclear  materials  activate,  directly  or  indirectly, 
the  inactive  enzymes  of  the  cytoplasm.  Many  yolk  granules  are  dissolved 
and  the  nucleolus  also  dissolves  and  disappears;  the  nuclear  membrane 
suffers  a  like  fate  and  the  chromatin  itself,  which  has  been  more 
voluminous  and  less  avid  for  basic  dyes,  diminishes  in  bulk  and  increases 
its  staining  power  as  if  a  considerable  amount  of  protein  had  been 
digested  or  separated  from  it.  It  is  also  well  known  that  the  unfertilized 
eggs  of  hens  keep  much  better  and  do  not  undergo  autolytic  digestion 
as  do  the  fertilized  eggs.  These  phenomena  speak  for  the  presence  in  the 
nucleus  of  oxidases  and  digestive  enzymes.  Since  during  cell  division 
these  enzymes  are  set  free  and  at  the  same  time  the  chromatic  elements 
are  in  many  cases  plainly  losing  substance,  it  is  possible  that  these  two 
facts  should  be  correlated  and  the  conclusion  drawn  that  in  the  resting 
condition  of  the  nucleus  enzymes  of  various  kinds  stick  to,  or  combine 
with,  the  nucleic  acid  and  are  thus  accumulated,  made  resistant,  more 
stable  and  rendered  inert,  and  that  during  caryokinesis,  and  possibly 
at  other  times  also,  they  are  split  off  from  the  acid,  become  free  in  the 
sap,  enter  the  cytoplasm  and  rejuvenate  the  cell  by  digesting  its  accumu- 
lated colloidal  material.  Possibly  the  guanylic  acid  may,  as  an  extra 
nuclear  material,  combine  with  the  trypsin  of  the  pancreas  to  make  the 
inactive  trypsinogen.  Possibly  there  are  also  within  the  nucleus  some 
of  the  nucleases  which  digest  nucleic  acid  itself. 

These  few  remarks  will  serve  to  illustrate  the  attractiveness,  the 
importance  and  the  obscurity  of  the  field  of  the  composition  and  func- 
tion of  the  cell  nucleus.  Possibly  they  may  stimulate  some  to  the  inves- 
tigation of  a  subject  of  which  the  importance  is  only  commensurate  with 
our  ignorance.  We  may  in  this  connection  recall  the  fact  that  it  has 
been  suggested  (Gautier)  that  immediately  about  the  nucleus  there  takes 
place  something  of  the  nature  of  an  anaerobic  fermentation  of  the  food 
materials,  by  which  COj  is  produced  and  many  active  fragments  are 
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formed  which  later  in  the  periphery  of  the  cell  are  oxidized  by  the  enter- 
ing oxygen,  or  condense  to  other  compounds. 

The  formation  and  destruction  of  nuclear  material. — ^We  may  close 
this  chapter  on  the  composition  of  the  nucleus  with  a  brief  review  of 
what  is  known  concerning  the  formation  and  destruction  of  nuclear 
material.  From  what  substances  does  a  cell  make  nucleic  acid,  or  prota- 
mine or  histone?  And  what  are  the  substances  formed  from  its 
disintegration  ? 

Origin  of  the  proteins  and  nucleic  acid.  "We  will  consider  first  the 
origin  of  nucleic  acid,  since  this  is  the  simpler  problem.  The  question 
is  then  this :  From  what  substances  and  in  what  manner  is  nucleic  acid 
formed  in  cells  ?  There  are  certain  aspects  of  this  question  which  can  be 
definitely  answered.  There  is  evidence  that  the  source  of  the  phosphoric 
iifid  is  inorganic  phosphates.  It  is  known  that  phosphates  are  necessary 
ingredients  of  the  foods  of  all  animals  and  all  plants.  Indeed  this  acid 
has  quite  a  peculiar  position  in  the  cell.  It  not  only  enters  into  the  com-- 
position  of  many  of  the  proteins  and  of  all  nucleic  acids  of  which  it 
appears  to  form  the  backbone  as  it  were,  but  in  the  phospholipins  it  no 
doubt  contributes  powerfully  to  the  production  of  vital  phenomena.  It 
plays  an  important  part  in  the  maintenance  of  the  neutrality  of  the 
protoplasm  and  in  the  activity  of  many  enzymes.  The  acid  owes  its 
fundamental  importance  in  metabolism  probably  to  its  power  of  polymer- 
izing in  the  form  of  metaphosphorie  acid,  HPO3,  and,  in  the  second  place, 
to  its  power  of  forming  ester  unions  with  carbohydrate  and  other  sub- 
stances. It  has  in  this  regard  a  power  only  second  to  that  of  boric  acid. 
By  this  power  it  forms  the  basis  of  nucleic  acid,  for  at  the  bottom  of  this 
acid  is  the  ester  of  phosphoric  acid  with  either  a  pentose  or  an  unknown 
hexose.  This  same  property  of  forming  esters  with  carbohydrates  is 
shown  at  its  best  in  the  case  of  inosite,  which  is  found  probably  in  all 
cells  combined  with  several  molecules  of  phosphoric  acid  as  in  phytih, 
which  is  the  hexa-phosphoric  acid  ester.  (See  page  613.)  This  part  of 
the  molecule  of  nucleic  acid  offers  no  difficulty  for  an  understanding  of 
the  method  of  its  formation,  although  we  are  not  yet  certain  of  the  exact 
steps  in  the  process.  The  formation  of  the  purine  and  pyrimidine  bases, 
however,  is  a  somewhat  more  difficult  problem.  It  has  recently  been  dis- 
cussed by  Johnson.  Since  the  pyrimidines  are  the  simpler  bases,  we  will 
assume  that  the  purines  are  formed  from  them. 

There  is  no  doubt  that  all  cells,  animal  as  well  as  plant,  can  make 
their  purines  without  being  fed  purines.  Whether  they  can  all  make 
pyrimidine  also  is  not  entirely  certain,  but  there  is  no  doubt  that  plants 
have  this  power  and  it  is  probable  that  animals  have  it  also.  In  milk 
or  in  the  yolk  and  white  of  egg  there  are  neither  purines  nor  pyrimidines 
in  more  than  extremely  small  amounts,  and  yet  the  developing  organism 
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nourished  by  these  foods  makes  both  of  these  substances  at  a  very  rapid 
rate.  Birds  and  reptiles,  too,  can  certainly  form  purine,  uric  acid,  from 
amino-aeids  of  various  kinds,  so  that  there  is  no  question  but  that  they 
have  the  power  of  synthesizing  these  bases  from  the  simplest  compounds, 
and  probably  from  carbohydrates  and  ammonia. 

Hydrocyanic  acid,  HCN,  is  one  of  the  most  reactive  of  substances.  It 
is  found  combined  in  a  great  many  plants.  Its  great  importance  in  the 
synthesis  of  living  matter  was  clearly  recognized  by  Gautier.  Hydro- 
cyanic acid  dissolved  in  water  and  allowed  to  stand  gives  rise  to  many 
substances  found  in  living  matter.  Urea,  alanine,  carbamic  acid,  cya- 
nates  and,  according  to  Gautier,  substances  related  to  xanthines  or  really 
xanthines,  although  this  is  denied  by  Fischer,  appear  in  it.  It  has  been 
repeatedly  suggested  that  this  substance  may  have  been  a  very  important 
contributor  to  the  formation  of  living  matter  in  the  first  instance.  Three 
molecules  of  hydrocyanic  acid  will  condense  to  form  the  amino-malonic 
nitrile, 

CN 


3HCN H  N— C— H 

2 


liT— C— E 


L 


5N 

Amino-malonic  nitrile. 
This  nitrile  might  condense  directly  with  urea  to  form  a  pyrimidine ;  or 
it  might  be  hydrolyzed  first  to  form  the  amino-malonic  acid, 

H,N.CH(CN)^+4H^0  ►  NH^.CH(COOH)^  +  2NH^ 

Amino-malonic  acid. 
The  acid  might  then  condense  with  urea  or  guanidine  to  give  a  pyrimi- 
dine.    If  the  condensation  is  with  the  nitrile,  a  diamino  pyrimidine  is 
the  result ;  if  with  the  acid,  uramil,  an  amino-oxy-pyrimidine  results : 
NH        NC  NH— CO 

I     '          I  II 

CO    4-HCNH       ►    CO     CNH      -I-    NH 


i 


H.       NC  NH— CNH 


2 

Dioxy-diamino  pyrimidine. 


NHj  HOOC  NH— CO 

CO         +  CHNH    ►CO    CHNH  +2H0 

.  '  2  2     '  2 

NHj,  HOOC  NH— CO 

Uramil. 

The  condensation  of  either  of  these  bodies  with  another  molecule  of  urea 
to  form  a  purine  is  analogous  to  numerous  syntheses  in  living  matter, 
although  we  do  not  know  just  how  they  are  produced.  The  reaction  may 
be  represented  as  follows : 
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NH— CO  NH— CO 


CO     CHNH   +NH„ CO      C-NH\^^+NHOH 

II  "\  I         II  / 

NH— CO  NH^/^°        NH— C— NH 

Uric  acid. 

The  synthesis  could  as  readily  go  through  alloxan  which  might  be  formed 
from  glyoxalcarbonic  acid  formed  from  the  carbohydrate  decomposi- 
tion. It  has  been  shown  that  glucose  when  it  decomposes  in  weakly 
alkaline  solution  forms  some  glyoxalcarbonic  acid.  With  ammonia  this 
will  condense  with  formic  aldehyde  to  make  an  imidazole  as  follows : 

COH  HC— NH  V 

I  NH,  II  >CH 

CO       +       ^  +HCO  -C— N    <^ 

I  NH  ^  I 

COOH  2  COOH 

Glyoxalcarbonic  acid.         Imidazolylcarbonic  acid. 
A  similar  condensation  might  occur  with  urea : 
COH       NH  N  =  CH 

2  I  I 

CO      +C0    — *0C      CO  +  H^O 

COOH    NH^  HN  — CO 

Trioxypyrimidine. 

The  trioxypyrimidine  by  oxidation  could  give  alloxan  which  by  con- 
densation with  urea  might  yield  a  purine. 

Another  possible  source  of  pyrimidine  would  be  by  oxidation  of 
arginine  to  guanidine  propionic  acid  and  the  condensation  of  this  body 
to  an  amino  pyrimidine : 

NH  COOH  NH— CO 

1^1  II 

NHC  CH    ►   NHC        CH  -fHO 

II  II 

NH CH  NH— CH 

2  2 

Guanidine  propionic  acid. 

This  formation  would  be  analogous  to  the  formation  of  creatinine  from 
creatine,  page  706. 

While  the  exact  course  of  the  formation  in  the  cell  is  thus  obscure, 
there  are  no  great  difficulties  in  imagining  how  the  condensation  might 
occur  in  the  presence  of  ammonia,  or  urea  or  hydrocyanic  acid  or  for- 
mamide  and  the  reactive  decomposition  products  of  the  carbohydrates. 
Whatever  may  be  the  exact  steps  in  the  process,  it  may  be  regarded  as 
probable  that  they,  like  the  amino-acids,  are  formed  by  the  condensation 
of  ammonia  with  the  reactive  decomposition  products  of  the  carbohy- 
drates.   Essentially,  therefore,  speaking  broadly,  the  proteins  and  the 
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nucleins  arise  by  the  condensation  of  the  decomposition  products  of  the 
carbohydrates  witli  ammonia.  It  may  be  added  further  that,  in  order 
that  the  proper  decomposition  products  shall  be  formed  from  the  carbo- 
hydrates, it  is  necessary  that  the  reaction  shall  be  guided  or  directed,  and 
that  this  is  probably  accomplished  by  the  presence  in  cells  of  accelerating 
agents,  or  enzymes,  which  hasten  one  reaction  or  another,  the  particular 
reaction  differing  in  different  cells,  so  that  the  proper  decomposition 
products  shall  occur  in  the  proper  amounts. 

Origin  of  the  amino-acids.  The  amino-acids  of  the  animal  body  are 
obtained  chiefly  as  the  products  of  the  digestion  of  plant  proteins, 
but  the  animal  organism  has  certainly  the  power  of  making  some  of 
them  from  ketonic  acids,  like  pyruvic  acid  and  ammonia,  a  subject  dis- 
cussed on  p.  818.  To  what  extent  animals  have  this  power  of  making 
amino-acids  from  ketonic  acids  and  ammonia,  or  in  any  other  way,  is 
still  being  investigated  and  no  certain  answer  to  the  problem  can  be 
given  at  the  present  time.  While  it  appears  that  animal  protoplasm  has 
in  general  the  same  chemical  properties  as  plant,  there  is  no  doubt  that 
this  power  of  manufacture  of  amino-acids  which  is  so  noteworthy  a 
property  of  plant  life  is  reduced  certainly  to  a  very  subordinate  power 
in  the  animal,  for  it  appears  necessary  to  supply  most  animals 
with  ready-made  amino-acids.  The  plant  amino-aeids  are  almost  cer- 
tainly clerived  in  the  long  run  and  in  large  measure  from  ammonia  and 
carbohydrates.  By  the  fermentation  of  glucose,  or  when  glucose  is 
decomposed  by  alkalies  and  presumably  by  the  processes  of  plant 
metabolism,  various  ketonic  aldehydes,  such  as  pyruvic  aldehyde,  are 
produced.  Pyruvic  acid,  CHj — CO — COOH,  is  thus  formed  or  glyoxylic 
acid,  HCO — COOH.  Ammonia,  derived  from  the  nitrates  which  are 
reduced  in  the  plant  protoplasm,  condenses  with  these  compounds  to  form 
imino  compounds  which  by  reduction  yield  amino-acids,  thus 

CH^— CO— COOH  -f  NHg CH^— CNH— COOH  +  H  O 

CH  — CNH— COOH  +  H CH  — CHNH  —COOH 

3  <    2  3  2 

Alanine. 

HCO— COOH  +  NH^ HCNH— COOH  -f  H  O 

CHNH— COOH  4-  H  ►  CH  NH  —COOH  " 

I  2  2  2 

Glycocoll. 
By  a  similar  reaction  guanidine,  one  of  the  constituents  of  arginine  and 
guanine,  may  arise  from  urea  and  ammonia : 

0  =  C(NH)„  +  NH    -HNG(NH  )    -J-H  O 

Urea.  Guanidine. 

The  origin  of  proline  from  glutamic  acid  has  already  been  indicated 
(p.  124).  The  exact  method  in  which  the  other  amino-acids  arise  in  the 
plant  is  still  uncertain,  but  it  is  probable  that  they  are  formed  for  the 
most  part  from  the  degradation  products  of  the  sugars  uniting  with 
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ammonia.  Light,  or  at  least  cliloropliyll,  is  not  necessary  for  this  syn- 
thesis, since  many  of  the  bacteria  and  moulds  which  are  free  from  chloro- 
phyll can  make  many  different  amino-acids  from  a  single  source  of 
ammonia  such  as  asparagine  and  some  carbohydrate.  Imidazole  groups 
may  be  formed  by  long  contact  of  ammonia,  glucose  and  oxygen,  or  an 
oxidizing  agent,  from  glyoxal  carbonic  acid: 

COH  NH^  HC— NH 

1  -j-         '  +H^CO .11  \CH+3H0 

C  =  0         NH^  C  —  N'^ 

I       •  I 

COOH  COOH 
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CHAPTER  V. 

THE  PHYSICAL  CHEMISTRY  OF  PROTOPLASM. 

Thus  far  we  have  considered  the  general  composition  of  living  matter 
and  the  chemical  nature  and  origin  of  the  carbohydrates,  fats  and  pro- 
teins which  make  up  the  larger  part  of  the  organic  basis  of  the  cell, 
furnish  energy  for  its  vital  activities  and  form  its  machinery.  Knowl- 
edge of  the  chemical  composition  of  these  bodies  does  not  enable  us  to 
understand  how  they  can  produce  vital  phenomena.  For  this  it  is  neces- 
sary to  understand  not  only  their  chemical  composition,  but  also  their 
physics  or  dynamics.  In  this  chapter  the  physical  chemistry  of  the  cell 
will  be  considered,  since  physical  chemistry  is  the  science  which  deals 
with  the  explanations  of  chemical  reactions. 

Water. — The  most  abundant  element  of  the  cell  is  water.  70-93  per 
cent,  of  the  protoplasm  is  water.  To  understand  vital  mechanics,  knowl- 
edge must  be  had  of  the  properties  and  possibilities  of  water.  What  is 
it  doing  in  the  cell  ?  What  doeSi  water  contribute  to  the  complex  of  life  ? 
What  is  water?  It  is  a  singular  fact  that  the  exact  composition  of  this 
abundant  substance,  a  sine  qua  non  of  life,  is  not  yet  known.  That  water 
decomposes  into  hydrogen  and  oxygen  and  that  there  are  very  nearly, 
if  not  exactly,  two  volumes  of  hydrogen  liberated  to  one  of  oxygen  is 
common  knowledge.  Also,  it  is  certain  that  water  is  formed  by  the  union 
of  hydrogen,  and  oxygen.  The  simplest  formula  which  can  be  written  for 
water  is  HjO,  H — 0 — H,  and  this  is  generally  given  as  its  formula,  but 
there  are  many  facts  which  show  that  water  as  it  exists  in  the  liquid 
and  solid  form  and  probably  in  the  form  of  its  vapor  even  at  365°,  which 
is  its  critical  temperature,  has  a  more  complex  formula.  Its  high  critical 
temperature,  cohesion,  refractive  index  and  boiling  point  all  show  that 
the  formula  is  more  complex  than  HjO.  The  molecule  of  water  would 
be  very  light  were  the  above  formula  true ;  it  should  boil  at  a  low  tem- 
perature, and  have  a  low  surface  tension.  Instead  it  has  a  very  high 
surface  tension,  much  higher  than  any  of  the  hydrocarbons.  Hence 
it  is  certain  that  the  formula  is  more  complex,  at  least  at  temperatures 
lower  than  400°  C.  That  the  formula  is  some  multiple  of  H„0  is  shown 
also  by  the  following  circumstance :  Eotvos  found  that  if  the  surface  ten- 
sion is  multiplied  by  the  7s  power  of  the  volume  of  a  gram  mol.  of  a  liquid 
the  result,  which  is  the  surface  energy  of  a  gram  mol.,  was  equal,  for  all 
normal  non-associating  substances,  to  2.27  (To  -T)  ergs.  To  being  the 
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critical  temperature  and  T  the  absolute  temperature  at  which  the  sur- 
face tension  was  measured.  For  all  substances  which  associated,  that  is 
substances  in  which  polymerization  occurred,  the  product  was  less  than 
2.27  (Tc-T).  Now  water  was  found  to  have  a  surface  tension  energy 
which  was  less  than  half  2.27  (To-T)  and  the  coefficient  instead  of  being 
2.27  fell  lower  and  lower  as  the  temperature  was  lower.  Since  all  liquids 
in  which  the  molecules  do  not  remain  the  same  but  coalesce  to  form  larger 
molecules  as  the  temperature  falls  behave  in  this  way,  it  is  clear  that 
water  is  also  more  complex  than  H2O  at  temperatures  below  the  critical 
and  that  the  degree  of  complexity  increases  as  the  temperature  falls. 
Ramsay  and  Shields  computed  from  the  surface  tension  that  the  formula 
at  the  boiling  point  must  be  about  (H20)3,  and  in  ice  about  (HjO)!. 
Eotvos  had  also  come  to  this  result  earlier.  Determination  of  the  freezing 
point  of  solutions  of  water  in  other  solvents  leads  to  the  formula  (H20)2. 
Water  is  indeed  one  of  the  most  associated  liquids  known.  The  molecular 
weight  and  the  valence  of  the  molecule  at  the  critical  temperature  can 
also  be  determined  from  the  cohesion,  and  this  determination  shows  that 
the  molecule  at  the  critical  temperature  is  at  least  (H20)2.  From  some 
of  these  and  other  facts,  Armstrong  has  concluded  that  the  molecule  of 
water  in  the  liquid  form  is  probably  (HjO)^;  and  that  by  the  condensa- 
tion of  the  simple  molecule  H2O,  which  he  has  named  hydrol,  iiuo 
a  ring  or  chain  compound  like  the  polymethylenes  water  is  formed.  It 
is  probable  that  not  all  the  molecules  are  thus  associated,  but  that  some 
dissociation  takes  place  so  that  some  free  hydrol  probably  exists  even 
in  liquid  water.  The  following  kinds  of  molecules,  then,  probably  exist 
in  liquid  water  at  20-40°  C. : 

I     I 
H— 0— H;  H— 0— H;  H— 0  =  0— H;  H— O— O— H; 

^  k      k  ki 

H  H  H 

H-O/  ^^  H-b-O-H 

i/0  '     H-(i-(l-H 

H^V^  ^        \ 

The  cause  of  this  great  association  of  water  is  probably  the  extra 
valences  of  the  oxygen.  Oxygen  may  be  tetravalent  here.  Now,  hydro- 
gen differs  from  all  other  elements  thus  far  studied  in  the  fact  that  its 
valence  is  almost  or  entirely  fixed  and  unchangeable ;  it  has  in  it  almost 
none  of  those  reserve,  or  extra,  valences,  which  appear  in  all  the  other 
elements.  Chlorine,  for  example,  may  be  univalent,  trivalent,  pentavalent 
or  heptavalent.  The  result  is  that  when  hydrogen  is  united  with  a  single 
other  atom  the  extra  valences  which  may  occur  on  the  other  atom  cannot 
be  satisfied  by  union  with  those  of  the  hydrogen ;  there  is,  hence,  nothing 
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else  for  them  to  unite  with  than  the  other  similar  valences  on  another 
molecule,  thus  producing  molecular  unions  and  association.  Oxygen  is 
certainly  at  times  quadrivalent  and  hence  the  oxygen  atom  of  hydrone 
may  have,  in  addition  to  the  valences  uniting  it  with  the  hydrogen,  two 
extra  valences. 

A  physical  property  of  water  of  very  great  biological  importance, 
which  is  probably  correlated  with  this  association,  is  the  high  specific 
heat  of  water.  It  takes  more  heat  to  raise  the  temperature  of  a  gram 
of  water  one  degree  than  is  required  to  raise  the  temperature  of  a  gram 
of  any  other  substance,  either  solid  or  liquid,  one  degree.  This  high 
specific  heat  of  water  is  due  in  part  to  the  fact  that  there  are  in  a  gram 
of  water  a  large  number  of  molecules,  but  chiefly  to  the  fact  that  the 
dissociation  of  the  water  into  hydrone  consumes  heat  and  the  association 
accordingly  liberates  heat.  At  any  rate,  whatever  may  be  its  cause,  this 
high  specific  heat  is  of  value  to  the  cell,  since  when  heat  is  liberated  in 
the  course  of  the  vital  reactions  the  temperature  of  the  cell  does  not 
rise  very  greatly ;  the  water  acts  as  if  it  were  a  buffer,  taking  up  the  heat 
liberated  and  giving  it  off  gradually.  Thus  this  property  of  water  is  of 
importance  in  preventing  violent  temperature  changes  which  might  lead 
to  uncontrollable  decompositions  in  the  cell. 

Another  very  remarkable  property  of  water  is  its  power  of  solution. 
No  other  solvent  surpasses  water.  All  kinds  of  substances  dissolve  in  it : 
salts,  carbohydrates,  proteins  and  even  fat  solvents  to  some  extent.  Its 
power  of  solution,  also,  contributes  much  to  the  possibilities  of  life.  This 
power  of  solution  has  not  yet  been  explained,  but  it  is  probable  that  it, 
also,  is  correlated  with,  or  due  to,  the  extra  valences  on  the  oxygen  atoms, 
which  are  perhaps  able  to  unite  with  the  extra  valences  on  the  dissolving 
molecules,  and  thus  to  produce  solution. 

Water  has  also  a  higher  specific  inductive  capacity,  or  dielectric  con- 
stant, than  any  other  liquid,  except  possibly  hydrogen  dioxide.  It  is  a 
good  insulator.  It  does  not  in  itself,  at  ordinary  temperatures,  conduct 
the  current  readily.  In  virtue  of  its  high  specific  inductive  capacity  it 
happens  that  when  electrical  disturbances  occur  in  a  cell  they  are 
Dielectric  Constants  op  Some  Liquids  • 

Dielectric  conetant  or  speclflc 
inductive  capacity 

Water    77.0 

Formic  acid  63.0 

Metliyl  alcohol    33.7 

Ethyl   alcohol    25.9 

Propyl  alcohol  22.0 

Ammonia,   liquid    22.0 

Amyl   alcohol    16.0 

Chloroform  5.0 

Ether 4.4 

Carbon  bisulphide    2.6 

Benzene  2.3 

•  Jones:  Elements  of  Physical  Chemistry.    Macmillan.     1902,  p.  146- 
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not  instantly  compensated,  so  that  oppositely  charged  particles 
may  coexist  in  water,  the  attraction  between  two  oppositely  charged 
particles  in  water  being  only  l-77th  that  in  air.  It  is  probably 
because  of  this  property  that  water  forms  such  a  good  ionizing 
medium.  At  any  rate,  this  property  may  account  for  the  undoubted 
fact,  whatever  explanation  we  may  choose  to  give  of  that  fact, 
that  substances  dissolved  in  water  interact  with  greater  ease  and  speed 
than  when  dissolved  in  any  other  medium.  It  has  tJie  property  then,  so 
important  for  the  cell,  of  accelerating  all  kinds  of  chemical  reactions. 
Thus  hydrogen  and  oxygen  will  not  unite,  except  at  very  high  tempera- 
tures, unless  some  water  is  present:  hydrochloric  acid  and  sodium 
hydrate  react  vigorously  in  the  presence  of  water,  but  not  when  they 
are  quite  dry;  chlorine  and  hydrogen  do  not  form  hydrochloric  acid, 
except  at  very  high  temperatures,  unless  water  be  present ;  and  everyone 
knows  that  the  rusting  of  iron  does  not  occur  unless  water  is  there  too. 
"Water  has,  then,  this  fundamental  property  of  making  reactions  go  on 
between  bodies  dissolved  in  it  or  wet  by  it.  This  property  is  believed 
by  many  to  be  correlated  with  its  ionizing  powers,  and  with  the  fact 
that  its  solutions  conduct  electrical  current  more  than  those  of  any 
other  solvents.  And  this  property  brings  us  to  the  consideration  of  the 
salt  solution  in  protoplasm. 

Salts. — All  protoplasm  contains  a  solution  of  salts  and  these  salts 
are  of  the  nature  of  those  of  the  sea.  "What,  then,  is  a  salt  solution? 
How  can  that  in  protoplasm  be  assisting  in  the  production  of  vital  phe- 
nomena? Just  as  it  is  not  yet  known  with  certainty  what  the  composi- 
tion of  liquid  water  is,  so  it  is  not  known  what  is  the  exact  state  of 
affairs  in  a  salt  solution.  No  fact  shows  more  clearly  the  limitations  of 
chemical  and  physical  knowledge  at  the  present  time  than  that  one  can- 
not say  positively  just  v^uat  is  a  solution  of  common  table  salt  in  water. 
It  is  known,  howc't.,  that  salt  solutions  have  certain  properties  and 
these  may  be  dealt  with  even  in  the  absence  of  their  explanation.  One 
of  these  properties  of  most  fundamental  importance  is  that  aqueous 
solutions  of  the  common  salts  conduct  the  electrical  current.  This  fact 
was  studied  by  that  inspiring  British  physicist,  Michael  Faraday.  He 
found  that  if  a  current  flows  through  a  solution  of  sodium  chloride,  for 
example,  the  sodium  moved  down  with  the  current  to  the  cathode,  or 
negative  electrode,  and  the  chlorine  moved  up  against  the  current  to  the 
positive  electrode,  the  anode.  Since  the  metal  part  of  the  salt  moved 
down  with  the  current,  he  called  such  wandering  metals  cations,  from 
the  Greek  kata,  down,  and  ion,  going ;  and  the  negative,  or  metalloid  part 
of  the  molecule,  was  called  an  anion  (Gr.  ana,  up).  Now  it  is  clear  that 
if  the  sodium  moves  down  with  the  current  it  must  be  positively  charged, 
and  the  chlorine  moving  up  must  be  negatively  charged,  since  only  par-* 
tides  with  charges  on  them  move  in  an  electrical  field.    Faraday  did  not 
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know  where  the  sodium  got  its  charge.  He  thought  that  these  ions  did 
not  pre-exist  in  the  solution,  but  that  the  action  of  the  current  separated 
the  neutral  sodium-chloride  molecule  into  a  positive  and  negative  par- 
ticle. On  the  other  hand,  it  was  later  suggested  by  Clausius  that  the 
ions  did  pre-exist,  since  no  energy  seemed  to  be  consumed  in  the  separa- 
tion. This  view  of  Clausius  was  put  on  a  much  firmer  foundation  and 
introduced  as  a  powerful  and  fruitful  theory  into  chemistry  by  the 
Swedish  physicist,  Arrhenius,  in  the  year  1881.  The  basis  of  this  theory 
of  Arrhenius  of  the  pre-existence  of  the  ions,  the  so-called  ionic  theory, 
was  that  the  osmotic  pressures  of  solutions  of  electrolytes  was  higher  than 
the  osmotic  pressure  of  equally  concentrated  solutions  of  non-electrolytes. 
The  osmotic  pressure  and  the  vapor  pressure  are  functions  of  the  number 
of  dissolved  molecules  in  a  given  volume.  It  was  found  that  a  molar 
solution  of  sodium  chloride  depressed  the  freezing  point,  or  raised  the 
boiling  point,  of  water  more  than  a  molar  solution  of  sugar.  Arrhenius 
brought  this  fact  into  relation  with  the  anomalous  pressures  of  some 
gases.  It  is  found,  for  example,  in  heating  nitrogen  tetroxide,  NjCj, 
that  the  product  of  the  pressure  by  the  volume  increases  more  than  it 
should,  according  to  the  gas  law,  PV=IIT,  and  the  explanation  of  this 
is  that  some  of  the  NjO^  dissociates  into  two  molecules  of  NO^. 
Arrhenius  suggested  that  the  greater  osmotic  pressure  and  lower  vapor 
pressure  of  electrolyte  solutions,  as  compared  with  equally  concentrated 
solutions  of  non-electrolytes,  was  due  to  the  fact  that  the  salt  dissociated, 
also,  like  vapors  of  chlorine,  bromine  or  iodine,  and  that  the  pieces  into 
which  it  dissociated  were  the  electrically  charged  ions  of  Faraday  and 
Clausius.  This  theory,  it  will  be  noticed,  explained  at  once  the  anomalous 
conductivity,  the  low  freezing  and  high  boiling  points  and  the  higher 
osmotic  pressure  of  salt  solutions.  The  ionic  theory  thus  introduced  has 
proved  to  be  one  of  the  most  fruitful  theories  of  chemistry.  It  has 
explained  more  facts,  which  without  it  were  quite  unexplainable,  than 
probably  any  other  chemical  hypothesis  except  the  atomic  theory;  and 
while  some  are  disposed  to  criticise  it  and  there  are  some  facts  which  are, 
at  first  glance,  difficult  to  explain  by  the  theory,  there  can  be  no  question 
of  the  enormous  usefulness  of  the  theory  whether  in  its  present  form  it  is 
exactly  true  or  not. 

We  may  perhaps  pause  for  a  moment  to  consider  a  few  of  the  more 
important  evidences  of  the  truth  of  this  fundamental  theory  so  illu- 
minating for  physiology.  It  enables  us  to  understand  the  avidity 
of  acids  and  bases.  There  was  no  explanation  of  the  variation 
in  the  strength  of  acids  and  bases  before  this  theory.  It  was  known 
that  hydrochloric  acid  was  much  more  powerful  and  active  than 
acetic  or  lactic  acid.  The  ionic  theory  explained  this  at  once.  Acids, 
'on  the  ionic  theory,  are  bodies  which  dissociate  in  solution  so  as  to 
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form    hydrogen    ions.      This    dissociation    may    be    represented    as 
follows : 


s 


-^  +    -  ^  +    - 

HCl   - —   H  +  CI  CH  .COOH H  +  O.CO.CH 

HNO   ^;=^H  +  io  CHOH   ::=rH  +  OCH 

H^SO^  ^^=^  H  +  HSO^  HON  ^^^^  H  +  ON 

All  acids,  then,  have  hydrogen  ions  in  their  solutions ;  their  acidity  is  due 
to  this;  and  their  activity  is  proportional  to  the  number  of  such  ions 
there  are  in  unit  volume.  This  conclusion  may  be  tested  by  comparing 
the  conductivities  of  acids  with  their  chemical  or  physiological  activity. 
The  amount  of  current  which  can  be  ferried  by  the  ions  between  the 
electrodes  in  a  solution  in  unit  time  will  evidently  be  a  function  of  the 
number  of  ions  and  their  speed.  It  is  found  that  a  solution  of  hydro- 
chloric acid  will  carry  in  a  given  time  much  more  electricity  across  than 
a  solution  of  acetic  acid  of  the  same  concentration.  There  is  no  reason 
to  believe  that  the  speed  of  the  hydrogen  ion  differs  in  the  two  eases ;  and 
while  the  acetic  ion  moves  at  a  slower  pace  than  the  chlorine  ion,  its 
velocity  has  been  determined  and  it  is  found  that  the  difference  is  not 
sufficient  to  account  for  the  differenc®  in  conductivity.  There  seems  to 
be  but  the  single  possibility  that  the  number  of  hydrogen  ions  is  greater 
in  the  solution  of  hydrochloric  acid  than  in  that  of  acetic ;  hence,  if  the 
strength  of  the  acid  is  proportional  to  the  number  of  hydrogen  ions, 
hydrochloric  acid  should  be  much  stronger  than  acetic  and  in  the  same 
proportion  as  is  determined  by  their  conductivities.  This  was  found  to 
be  the  ease.  All  acids  split  cane  sugar  into  glucose  and  levulose ;  invert 
it,  in  other  words.  The  speed  with  which  they  do  this  is  different  in 
different  acids.  It  is  a  function  of  the  number  of  hydrogen  ions  which 
are  in  the  solution,  so  that  if  the  speed  of  hydrolysis  is  measured  the 
relative  number  of  hydrogen  ions  in  different  acids  of  the  same  concen- 
tration can  be  determined  and  they  should  be  approximately  in  the 
same  proportion  as  the  figures  for  the  conductivities  and  other  powers  of 
the  acids.  This  is  found  to  be  the  case,  as  is  shown  in  the  accompanying 
figures : 

Inversion  Equivalent  conductivity  at  18°     ' 

^^^<i  coefficient  (0. In  except  when  otherwise  noted) 

Hydrobromie    L114  360 

Hydrochloric    1.00  351 

Nitric 1.00  350 

Trichloracetic 0.754  323  (n/32) 

Sulphuric    0.536  225 

Oxalic     0.186  117 

Phosphoric    0.0621  46.8 

Monochloracetic  0.0484  72.4  (n/32) 

Formic    0.0153  29.3   i(n/32) 

Acetic    0.0040  4.6 
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It  is  a  general  law  that  solutions  freeze  at  a  lower  temperature  than 
the  pure  solvent.  It  has  been  found  by  a  further  study  of  this  phenoiiieiion 
that  the  depression  of  the  freezing  point  of  dilute  solutions  is  propoi' 
tional  to  the  concentration  of  the  dissolved  substance,  that  is  lo  the 
number  of  molecules  in  a  given  volume.    A  solution  as  concentrated  as 


Fig.  16. — Beckmann  freezing-point  apparaiuK.  A.  tube  containing  liquid  to  be  froien : 
D,  thermometer ;  H,  stirrer ;  O,  side  tube  for  Introducing  ice  crystals,  etc. ;  B,  large  outer 
test  tube ;  O,  jar  containing  freezing  mixture ;  J,  stirrer  tor  same. 

a  one-tenth  gram  mol.  solution,  that  is  a  solution  which  contains  6.06X10^^ 
solute  molecules  in  a  liter  volume,  depresses  the  freezing  point  of  water 
0.186°,  so  that  a  solution  of  glucose  which  contains  18.0  grams  of  glucose 
in  one  liter  will  freeze  at  — 0.186°  C.  A  solution  half  as  concentrated 
will  freeze  at  — .093°  C.  In  this  way  by  taking  the  freezing  point  of  a 
solution  by  means  of  an  accurate  thermometer  measuring  to  hundredths 
or  thousandths  of  a  degree,  it  is  possible  to  tell  how  many  molecules 
there  are  in  a  liter  of  any  solution.  It  is  found  that  a  0.205  M  solution 
of  calcium  chloride  does  not  depress  the  freezing  point  approximately 
.370°,  as  one  would  expect  were  there  only  CaClj  molecules  present,  but 
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it  depresses  it  1.012°.  The  most  probable  interpretation  of  this  fact  is 
that  the  solution  contains  more  particles  than  had  been  supposed.  But 
to  get  a  larger  number  of  particles  it  is  necessary  to  split  the  calcium- 
chloride  molecules  into  Ca  and  CI  particles.  About  91  per  cent,  of  the 
molecules  must  have  dissociated  into  Ca  and  CI  ions.  If  the  number  of 
such  particles  is  computed  from  the  freezing  point,  it  is  found  to  be  about 
the  same  as  that  which  is  computed  on  the  ionic  theory  from  the  con- 
ductivity. As  in  this  case  no  electricity  is  used  and  it  is  unlikely  that 
depressing  the  temperature  could  cause  such  a  dissociation,  this  fact 
lends  support  to  the  view  that  some  substances  dissociate  into  particles 
and  these  particles  are  the  ions,  or  electrically  charged  particles,  already 
mentioned. 

There  is  one  circumstance  which  strongly  corroborated  the  truth  of 
the  ionic  theory,  namely,  that  a  great  number  of  facts  which  were  for- 
merly wholly  unexplained  were  at  once  explicable ;  and  new  facts  could 
be  predicted  and  found  to  be  true  by  experiment.  It  resulted  in  an 
entirely  new  development  of  electro-chemistry  and  quantitative  analysis 
was  put  by  it  on  a  firm  theoretical  foundation.  For  all  these  reasons  we 
may  repeat  what  was  already  said,  that  no  more  clarifying,  fruitful 
theory  has  appeared  in  chemistry  than  the  electrolytic  dissociation  theory. 
Inasmuch,  however,  as  there  are  some  who  do  not  yet  accept  the  theory 
as  positively  established,  for  reasons  into  which  we  cannot  go  at  this 
place,  it  must  be  accepted  provisionally  only,  as  the  most  probable 
explanation  of  the  facts  which  has  yet  been  proposed.  The  conception 
of  the  chemical  union  of  solvent  and  solute  may  eventually  considerably 
modify  the  ionic  theory. 

When  a  salt  dissolves  in  water  then,  as  it  does  in  living  matter,  there 
are  these  reasons  for  believing  that  it  breaks,  in  part,  into  electrically 
charged  particles  which,  like  so  many  tiny  electrodes,  each  bearing  one 
or  more  electrical  charges,  float  about  in  the  protoplasm  and  become 
thereby  capable  of  doing  many  things.  Living  matter  contains  before 
it  is  stimulated,  then,  a  large  number  of  electrically  charged  particles, 
and  it  is  clear  that  if  in  any  way  an  accumulation  of  positive  particles 
in  one  place  and  of  negative  in  another  could  be  produced,  and  if  tlie 
negative  and  positive  particles  had  different  actions  on  the  vital  proe- 
esses,  momentous  changes  might  thus  be  brought  about  in  living  mat- 
ter. This  is  what  happens  when  an  electric  current  is  sent  through 
protoplasm.  Moreover,  it  is  clear  that  if  the  nature  of  these  little  elec- 
trodes is  changed  so  that  instead  of  carrying  one  charge  each  carries 
two  or  three,  or  if  they  carry  them  at  a  different  potential,  the  electrical 
equilibrium  of  the  protoplasm  might  be  upset  as  surely  as  if  a  separation 
of  opposite  electricities  had  occurred.  The  ionic  theory,  then,  is  at 
present  fundamental  to  an  understanding  of  the  nature  of  electrical  and 
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chemical  stimulation  and  depression  of  protoplasm ;  of  the  action  of  salts 
and  drugs  on  living  matter;  and  it  also  enables  us  to  see  how  if  by  any 
reaction  taking  place  in  living  matter  a  change  in  the  distribution  of 
positive  and  negative  ions  could  be  produced  something  in  the  nature  of 
a  condenser  might  be  formed  which,  under  suitable  conditions,  would 
discharge.  Later  on,  under  the  heading  of  colloids,  the  relation  of  these 
charges  on  the  ions  to  the  physical  state  of  the  protoplasm  will  be  con- 
sidered.   It  may  be  stated,  also,  that  oxidation  in  protoplasm  is  accom- 


FiG.  17. — Porous  cup  and  manometer  tor  mcasurlug  osmotic  pressure  as  used  bj 
PfefEer.  m,  manometer ;  2,  porous  clay  cup  with  terrocyanide  in  Its  pores,  in  malting  the 
determination  tbis  Is  put  Into  a  bealier  of  water. 


panied  by  such  an  electrical  disturbance  which  in  its  turn  probably  acts 
as  a  stimulus  to  the  surrounding  parts  of  the  protoplasm,  the  stimulus 
being  propagated  in  this  way. 

Another  property  of  salt  solutions  oi  great  interest  is  their  high 
internal  pressure.  The  internal  pressure  of  salt  solutions,  or  even  of 
water  alone,  is  very  high.  By  the  internal  pressure  is  meant  the 
cohesive  pressure  due  to  the  attraction  of  th«  molecules  for  each  other. 
This  pressure  in  such  a  liquid  as  ether,  which  's  very  labile  and  volatile 
and  of  a  low  internal  pressure,  is  about  2,0f'O  kilograms  per  square 
cm.  at  zero  degrees;  and  in  water  it  is  certainlt,"  far  greater  than  this. 
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being  probably  between  5,000  and  10,000  atmospheres.  The  addition  of 
salt  to  water  increases  this  pressure  still  higher,  and  the  more  salt  there 
is  added  the  greater  the  internal  pressure  becomes.  The  internal,  pres- 
sure being  so  high,  the  spaces  between  the  water  molecules  are  very  small. 
It  is  this  internal  pressure  which  is  probably  at  the  basis  of  osmotic 
pressure. 

Osmotic  pressure. — This  is  another  pi-operty  of  solutions  of  great 
importance  in  vital  phenomena,  since  it  is  one  of  the  factors  controlling 
the  amount  of  water  in  protoplasm  and  its  turgor.  It  was  found  by  the 
British  physicist,  Graham,  that  if  solutions  of  two  different  substances, 
or  two  differently  concentrated  solutions  of  the  same  substance,  were 
separated  by  a  membrane,  either  animal  or  vegetable,  the  substances  in 
solution  would  in  some  instances  pass  through  the  membranes  and'  some- 
times they  would  not.  Using  parchment  .paper,  or  bladder,  as  the  mem- 
brane he  divided  all  substances  into-  two  classes :  those  which  passed 
through  he  called  crystalloids,  and  those  which  did  not  were  called  col- 
loids. The  process  of  passage  of  solvent,  or  solute,  through  a  membrane 
is  called  osmosis  or  dialysis.  It  has  been  found  possible  to  prepare' 
membranes  which  are  freely  permeable  to  water,  but  which  oppose  a 
resistance  to  the  passage  of  the  crystalloid  solute;  such  a  membrane  is 
said  to  be  semi-permeable,  since  only  the  solvent  goes  through.  The 
botanist,  Pfeffer,  prepared  such  a  membrane  by  precipitating  the 
gelatinous  copper  ferro-cyanide  in  the  pores  of  a  porous  clay  cup.  If 
potassium  ferroeyanide  is  put  within  the  ^  cup  df  .which  the  pores  are 
filled  with  water  and  the  cup  is  immersed  in  a  3  per  cent,  copper  sul- 
phate solution  for  24-48  hours,  a  gelatinous  precipitate  of  cupric  ferro- 
cyanide  occurs  at  the  junction  of  the  solutions  within  the  porous  waU. 
This  precipitate  is  permeable  to  water  and  some  ordinary  salts,  but  it 
does  not  permit  cane  sugar  to  pass  through  it.  If  a  cup  thus  prepared, 
or  prepared  by  the  electrolysis  method  of  Morse  and  Horn,  holding  a 
solution  of  cane  sugar  is  immersed  in  water,  sugar  cannot  go  out,  but 
water  can  and  does  enter.  If  the  cup  is  closed  by  a  mercury  manometer, 
water  will  continue  to  pass  initb  the  cup,  expanding  the  solution  and 
forcing  the  mercury  of  the  manometer  upward  until  a  certa,in  pressure 
is  reached,  when  the  manometer  becomes  stationary  and  the  solution 
takes  up  no  more  water.  This  pressure  is  known  as  the  osmotic  pressure 
of  the  sugar  solution.  It  is  the  pressure  which  is  just  sufficient  to  pre- 
vmt  the' solution  from  increasing  iri  volume  when  separated  from,  the 
solvent' hy  a  sertd-peirmedble  mambnme.  Before  coiisiderihg  the  cause 
of  tliis  passage 'of  water  inward,  the  relation  of  the  amount  of ^ the 
pressure-'to'th^eoncehtration  of  the  solution  may  be  discussed.    ■''-     "' 

Pfeffer  made  an  osmometer  of  the  nature  of  that  just  described 
(Figure  17)  and  measured  the  amount  of  the  osmotic  pressure  of  sugar 
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solutions  of  various  concentrations  and  at  different  temperatures.  Some 
of  the  results  he  obtained  are  given  in  the  following  tables.  It  will  be 
observed  that  the  osmotic  pressure  increases  with  the  temperature  and 


Cane  sugar 

C=Concentration 

per  cent. 

1 

2 
4 
6 


P  (t  =  IS.-S-W."?) 

Osmotic  pressure 

cms.  Hg. 

S3.5  cms 
101.6     " 
208.2     " 
307.5     " 


53.5 
S0.8 
52.0 
51.2 


Temperature 

6.8° 
13.2 
14.2 
22.0 
iO.O 


P 

1%  cane  sugar 

50.5  cms 
52.1     " 
53.1     " 
54.8     " 
56.7     " 


with  the  concentration ;  and  also  that  the  amount  is  proportional  to  the 
concentration  and  is  high.  Thus  a  0.1  molecular  solution,  34.2  grams 
saccharose  in  a  liter  or  about  3.1  per  cent.,  has  an  osmotic  pressure  of 
2.24  atmospheres  at  0° ;  a  .05  molecular  of  1.12  atmospheres  and  so  on. 
This  rule  only  holds  for  dilute  solutions.  Concentrated  solutions  have  a 
higher  pressure  than  that  calculated. 

Since  it  is  not  always  possible  to  find  semi-permeable  membranes 
with  which  to  measure  osmotic  pressure  directly,  recourse  must  often 
be  had  to  indirect  methods.  The  pressure  may  be  determined  by  taking 
the  freezing  point  of  the  solution.  A  0.1  molecular  solution  depresses  the 
freezing  point  of  water  0.186°.  This  has  an  osmotic  pressure  of  2.24 
atmospheres  at  zero  degrees.  If  the  freezing  point  is  depressed  only 
half  of  the  foregoing  amount,  the  solution  must  be  .05  molecular  and 
the  osmotic  pressure  is  only  1.12  atmospheres.  Ordinarily,  therefore, 
instead  of  measuring  the  osmotic  pressure,  the  freezing  point  may  be 
taken,  a  correction  made  for  the  concentration  change  produced  by  the 
ice  which  has  separated  and  the  osmotic  pressure  calculated.  Of  course 
the  calculation  is  made  on  the  assumption,  which  is  not  always  correct, 
that  the  degree  of  dissociation  and  association  does  not  markedly  change 
with  the  temperature;  this  is  virtually  true  for  most  common  salts.  A 
very  useful  table  for  calculating  the  osmotic  pressure  from  the  freezing 
point  is  that  of  Harris  and  Gortner,  on  page  201. 

The  van't  Hoff  law  of  the  correspondence  of  osmotic  and  gas  pressure 
only  holds  for  dilute  solutions.  It  does  not  hold  strictly  even  for  a  solu- 
tion of  sugar  0.1  mol.  in  strength  and  higher  solutions  have  osmotic  pres- 
sures greater  than  that  calculated.  (Morse;  Berkeley  and  Hartley; 
Garrey.)  Thus  the  freezing  point  of  a  molecular  cane-sugar  solution  is 
not  — 1.86°  C.  as  calculated  from  the  freezing  point  of  a  0.05  molecular 
solution,  but  it  is  — 2.775°.  The  osmotic  pressure  in  place  of  being  the 
theoretical  amount  of  22.4  atmospheres  at  0°  is  actually  about  33.3  atmos- 
pheres. The  deviation  becomes  greater  at  higher  concentrations.  It  does 
not  disappear  entirely  if  we  calculate  the  concentration  on  the  basis 
of  the  pressure  being  that  which  would  be  exerted  by  the  gas  when  calcu- 
lated for  the  volume  occupied  by  the  solvent  only.    The  osmotic  pressure 
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of  the  sea-water  at  Woods  Hole  is  that  of  a  solution  freezing  at  — 1.81°  C. 
or  about  that  of  a  3/4  molecular  cane-sugar  solution  (256.6  grams  per 
liter.  Garrey). 

Table  of  Osmotic  Pressures  tn  Atmospheres  for  Defrebbion  of  the  Pbeezino 
Point  to  2.99'  C.   (Harris  and  Gortner). 


Hundredths  of  degrees,  Centigrade 

A 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0.0 

0.000 

0.121 

0.241 

0.362 

0.482 

0.603 

0.724 

0.844 

0.965 

1.085 

0.1 

1.206 

1.327 

1.447 

1.568 

1.688 

1.809 

1.930 

2.050 

2.171 

2.291 

0.2 

2.412 

2.532 

2;652 

2.772 

2.893 

3.014 

3.134 

3.255 

3.375 

3.496 

0.3 

3.616 

3.737 

3.857 

3.978 

4.098 

4.219 

4.339 

4.459 

4.5ri0 

4.700 

0.4 

4.821 

4.941 

5.062 

5. 1 82 

5.302 

5.423 

5.543 

5.664 

5.784 

5.904 

0.5 

6.025 

6.145 

6.266 

6.386 

6.506 

6.627 

6.747 

6.867 

6.988 

7.108 

0.6 

7.229 

7.340 

7.469 

7.590 

7.710 

7.830 

7.951 

8.071 

8.191 

8.312 

0.7 

8.432 

8.552 

8.672 

8.793 

8.913 

9.033 

9.154 

9.274 

9.394 

9.514 

0.8 

9.635 

9.755 

9.875 

9.995 

10.12 

10.24 

10.36 

10.48 

10.60 

10.72 

0.9 

10.84 

10.96 

11,08 

11. -iO 

11.32 

11.44 

11.56 

11.68 

11.80 

11.92 

1.0 

12.04 

12.18 

12.28 

12.40 

12.52 

12.64 

12.76 

12.88 

13.00 

13.12 

1.1 

13.24 

13.36 

13.48 

13.60 

13.72 

13.84 

13.96 

14.08 

14.20 

14.32 

1.2 

14.44 

14.56 

14.63 

14.80 

14.92 

15.04 

15.16 

15.28 

15.40 

15.52 

1.3 

15.64 

15.76 

15.88 

16.00 

16.12 

16.24 

16.36 

16.48 

16.60 

16.72 

1.4 

16.84 

16.96 

17.08 

17.20 

17.32 

17.44 

17.56 

17.68 

17.80 

17.92 

1.5 

18.04 

"<.16 

18.28 

18.40 

18.52 

18.64 

18.76 

18.88 

19.00 

19.12 

1.6 

19.24 

19.36 

19.48 

19.60 

19.72 

19.84 

19.96 

20.08 

20.20 

20.32 

1.7 

20.44 

20.56 

20.68 

20.80 

20.92 

21.04 

21.16 

21.28 

21.40 

21.52 

1.8 

21.64 

21.76 

21.88 

22.00 

22.12 

22.24 

22.36 

22.4S 

22.60 

22.72 

1.9 

22.84 

22.96 

23.08 

23.20 

23.32 

23.44 

23.56 

21.68 

23.80 

23.92 

2.0 

24.04 

24.16 

24.28 

24.40 

24.52 

24.63 

24.75 

24.87 

24.99 

25.11 

2.1 

25.23 

25.35 

25.47 

25.59 

25.71 

25.83 

25.95 

26.0; 

26.19 

26.31 

2.2 

26.43 

26.55 

26.fi7 

26.79 

26.91 

27.03 

27.15 

27.27 

27..^n 

27.51 

2.3 

27.63 

27.75 

27.S7 

27.99 

28.11 

28.23 

28.34 

28.46 

28.53 

28.70 

2.4 

28.82 

28.94 

?•.)  o*? 

29.18 

29.30 

29.42 

29.54 

29.66 

29.7« 

29.90 

2.5 

30.02 

.S0.14 

30.26 

30.38 

30.50 

30.62 

30.74 

30.86 

30.n« 

31.09 

2.6 

31.21 

31.33 

31.45 

31.57 

31.69 

31.81 

31.9.'? 

32.0."; 

32.17 

32.29 

2.7 

32.41 

32.53 

32.65 

32.77 

.32.89 

33.00 

33.13 

33.25 

3.3.36 

33.48 

2.8 

33.60 

33.72 

33.84 

33.96 

34.08 

34.20 

34.31 

.34.43 

34.56 

34.68 

2.9 

34.79 

34.91 

35.04 

35.16 

3J.27      35.39     | 

35.51 

35.63 

35.75 

35.87 

A  convenient  form  of  apparatus  for  determining  the  freezing  point 
of  blood,  vegetable  saps,  milk  or  other  animal  juices  is  that  shown  in 
Figure  18,  described  by  Bartley: 

"  The  apparatus  consists  of  a  Dewar  tube,  A,  22  em.  high  and  6  cm.  inside 
diameter,  set  in  a  wooden  base.  This  is  fitted  with  a  rubber  stopper  having  three 
holes.  Into  the  large  hole  is  fitted  a  heavy  glass  test  tube  20  cm.  long  and  3  cm. 
wide  passing  down  to  near  the  bottom  of  the  vessel  A.  Two  other  holes  are  for  small 
brass  or  copper  tubes,  one  (C)  terminating  just  below  the  rubber  stopper  and  the 
other  (B)  passing  to  the  bottom  of  A  and  coiled  around  two  or  three  times.  These 
coils  are  perforated  with  a  series  of  small  holes.  Inside  of  the  test  tube  passing 
through  the  rubber  stopper  is  a  second  test  tube  of  about  the  same  length  and  2.5  cm. 
in  diameter,  held  in  place  by  a  section  of  rubber  tubing  drawn  over  it  and  separat- 
ing the  two  tubes  by  a  narrow  space.  In  operation,  this  space  is  filled  with  alcohol. 
A  delicate  thermometer  (F)  with  a  platinum  wire  coiled  loosely  around  its  lower 
end  completes  the  apparatus.     In  the  apparatus  as  here  figured,  and  as  used  by 
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the  author,  the  stirrer  (E)  is  operated  by  a  toy  motor  (D)  run  by  an  ordinary  dry 
cell.  This  can  be  dispensed  with,  if  desired,  and  the  stirrer  operated  by  hand,  al- 
though this  mechanical  contrivance  makes  the  apparatus  almost  automatic' 

To  use  the  apparatus,  fill  the  tube  A  about  one-third  full  of  ether  or  carbon 
disulphide.  Insert  the  rubber  stopper  tightly,  connect  the  shorter  metal  tube  with 
p  Kichards  aspirator  pump,  attached  to  the  water  service.  The  liquid  to  be  frozen 
is  placed-in -the  inner  test  tube.  There  should  be  enough  liquid  to  cover  the  mer- 
cury bulb  of  the  thermometer,  when  the  latter  is  lowered  to  the  bottom  of  the  tube. 


b'lQ.  18. — Bartley  freezing-point  apparatus. 


The  water  is  then  started  through,  the  Richards  respirator  pump,  which  draws  air 
through  the  ether  in  a  series  of  bubbles,  causing  it  to  evaporate. 

Owing  to  the  well-known  principle  of  the  Dewar  tube,  applied  in  the  popular 
thermos  bottle,  almost  all  the  heat  used  to  vaporize  the  ether  is  derived  from  the 
thin  Isiyer  of  alcohol  between  the  two  test  tubes  and  from  the  liquid  under  examina- 
tipn.  There  is  no  frosting  of  the  outer  vessel,  the  whole  system  remains  clear  and 
transparent  and  the  thermometer  can  easily  be  read  at  all  times. 

When  the  temperature  reaches  zero,  the  stirrer  is  started.  It  will  be  observed 
that  the  temperature  steadily  sinks  to  — 2°  C.  o  — 3°  C.  before  freezing  begins,  i.e.; 
'  Bartley:  Arohdves  of  Diagnosis,  1913. 
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two  or  more  degrees  below  the  true  freezing  point  of  the  liquid.  Then,  suddenly, 
freezing  occurs  and  the  temperature  reading  rises  to  a  fixed  point  and  rettiains  there 
for  some  minutes.  When  this  point  is  reached  the  water  is  shut  off  and  an  accurate 
reading  taken.  This  is  the  freezing  point  of  the  liquid.  There  is  no  necessity  of 
adding  ice  to  start  the  freezing,  as  is  usually  done  in  other  forms  of  apparatus.  The 
whole  process  is  automatic  and  all  the  observer  need  do  is  to  regulate  the  flow  of 
water  running  through  the  pump  and  read  the  thermometer.  It  is  advisable,  when 
the  temperature  reaches  zero,  to  draw  the  air  through  the  ether  more  slowly  until 
freezing  takes  place,  by  partly  shutting  off  the  flow  of  water.  For  accurate  work 
the  Beckmann  adjustable  thermometer  should  be  used.  The  thermometer  is  the 
most  important  and  most  expensive  part  of  the  apparatus." 

The  osmotic  pressure  may  then  be  defined  as  that  pressure  which 
is  just  sufSeient  to  prevent  any  increase  of  volume  of  a  solution  when 
it  is  separated  from  its  solvent  by  a  truly  semi-permeable  membrane. 

Using  the  measurements  of  Pfeffer,  van't  Hoff  discovered  that  for 
dilute  solutions  the  osmotic  pressures  were  equal  to  the  pressure  which 
a  true  gas  would  exert  if  the  same  number  of  molecules  were  contained 
in  a  space  as  large  as  that  at  the  disposal  of  the  solute  molecules.  Thus 
a  one-tenth  gram  mol.  of  sugar  in  a  liter  space  at  0°  exerts  an  osmotic 
pressure  of  2.24  atmospheres  per  square  cm.  One-fifth  of  a  gram  of 
hydrogen  gas  in  the  same  space  and  at  the  same  temperature  would  have 
the  same  pressure.  Moreover,  the  temperature  coefficient  is  the  same 
both  for  the  osmotic  pressure  and  the  gas  pressure.  In  the  case  of  a  gas 
it  is  known  to  be  1/273,  or  .00366  per  degree.  Pfeffer  found  for  the 
osmotic  pressure  of  sugar  approximately  the  same  value. 

,.A  1  per  cent,  solution  of  cane  sugar  contains  one  gram  in  100.6  c.c. 
The  same  number  of  molecules  of  hydrogen  in  the  same  space,  or  .0581 
grams  per  liter  at  0°  exerts  a  pressure  of  .646  atmospheres.  Van't  Hoff 
gives  the  following  table  comparing  gas  and  osmotic  pressure : 

Temperature 

6.8° 

13.7 

15.5 

36.0 

These  facts  were  all  determined  empirically,  but  the  explanation  has 
not  yet  been  given  to  the  satisfaction  of  all.  At  first  the  conceptions  of 
the  molecular  kinetic  theory  of  gas  pressure  were  carried  over  bodily  to 
explain  osmotic  pressure.  The  pressure  in  the  case  of  a  gas  is  due  to 
the  bombardment  of  the  walls  by  the  rapidly  moving  molecules  of  the 
gas ;  the  osmotic  pressure  was  ascribed  to  the  bombardment  of  the  semi- 
permeable membrane  by  the  dissolved  molecules.  A  more  probable 
explanation  of  the  pressure  is  the  following:  The  vapor  pressure  over 
a  salt  solution  is  less  than  over  pure  water.  This  is  shown  either  by 
direct  measure  of  the  vapor  pressure  or  by  a  boiling-point  determina- 


Osmotic  preatare  of 
cane  sugar 

0.664 

0.691 

Gas  pressure  of 
hydrogen  gas 

0.665  atmosphere 

0.681 

0.684 

0.686 

0.746 

0.735 
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tion.  The  boiling  point  of  a  solution  is  that  temperature  at  which  the 
vapor  pressure  becomes  equal  to  the  external,  generally  the  atmospheric, 
pressure.  It  is  found  that  it  is  necessary  at  atmospheric  pressure  to  heat 
salt  solutions  to  temperatures  higher  than  100°  C.  before  they  begin 
to  boil,  from  which  we  conclude  that  their  vapor  pressures  at  100°  and 
below  are  less  than  an  atmosphere  and  lower  than  that  of  pure  water. 
It  is  also  found  that  the  increase  in  the  boiling  point  is  proportional  to 
the  molecular  concentration  of  the  dissolved  substance  for  all  substances 
which  vaporize  at  a  temperature  higher  than  does  water.  Why  is  the 
vapor  pressure  of  a  salt  solution  lower  than  that  of  water?  Various 
reasons  may  be  assigned.  One  is  that  the  attraction  between  salt  mole- 
cules and  between  water  and  salt  is  greater  than  that  of  water  for  water. 
Hence  the  internal  pressure  of  the  solution  is  higher  than  that  of  water 
alone.  Now  at  the  same  temperatr.res  all  molecules  possess  the  same 
average  kinetic  energy ;  that  is,  the  product  of  the  mass  by  the  square  of 
the  average  velocity  is  a  constant  for  all  molecules  at  any  given  tem- 
perature, the  heavier  molecules  moving  more  slowly,  the  lighter  faster. 
The  mean  kinetic  energy  of  the  water  molecules  in  water  and  salt  solu- 
tion is  the  same,  but  the  cohesive  attraction  is  greater  in  the  salt  than 
in  the  water.  Only  those  molecules  which  have  a  kinetic  energy  above 
the  mean  value  are  able  to  escape  from  this  cohesive  attraction  of  the 
liquid  into  the  vapor.  Since  the  cohesive  energy  is  greater  in  the  salt 
solution,  there  will  be,  on  the  average,  fewer  molecules  able  to  escape  this 
attraction  in  unit  time.  Hence,  when  equilibrium  is  reached  and  just  as 
many  molecules  in  the  vapor  are  coming  into  the  liquid  as  escape  from 
the  latter,  this  equilibrium  will  be  attained  when  fewer  molecules  are 
in  the  vapor  space  in  the  case  of  the  salt  solution  and  hence  the  vapor 
pressure  over  the  salt  solution  will  be  lower  than  over  the  water. 

If  two  receptacles  are  closed  except  for  a  glass  tube  connecting  them 
and  the  one  is  partly  full  of  water,  the  other  partly  full  of  salt  solution, 
the  vapor  pressure  over  the  salt  solution  will  be  lower  than  that  over  the 
water.  The  water  will  gradually  distill  over  into  the  salt  solution.  The 
conditions  are  not  different  if  the  two  solutions  are  brought  into  contact ; 
for  now  the  attraction,  or  cohesion,  of  the  salt  solution  molecules  for 
water  is  greater  than  that  of  the  water  molecules  for  water,  and  the  water 
molecules  will  gradually  penetrate  the  salt  solution  until  equilibrium 
is  attained,  when  the  solution  becomes  homogeneous.  If  we  put  a  semi- 
permeable membrane  between  the  solution  and  the  solvent  and  then 
exert  a  pressure  on  the  salt  solution,  molecules  of  solvent  may  be  forced 
outward,  by  filtration,  through  this  membrane.  By  increasing  the  pres- 
sure, the  number  of  solvent  molecules  thus  leaving  the  salt  solution  may 
be  increased  until  a  point  is  reached  at  which  the  numbers  thus  forced 
put  by  pressure,  added  to  those  which  £ire  leaving  as  vapor,  equals  the 
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number  leaving  pure  water  when  in  equilibrium  with  its  vapor.  This 
pressure  wiU  thus  just  suffice  to  prevent  more  water  entering  the  solu- 
tion than  is  leaving  and  such  a  pressure  is  called  the  osmotic 
pressure. 

The  cause  of  the  osmotic  pressure  is  evidently  ultimately  the  attrac- 
tion of  a  physical  or  chemical  nature  between  the  solvent  and  the  solute 
molecules.    It  is  the  cohesive  or  internal  pressure  of  the  solution. 

Since  salt  solutions  and  all  things  in  solution  exert  osmotic  pressure, 
protoplasm  has  a  decidedly  higher  osmotic  pressure  than  water.  The 
amount  of  this  pressure  varies  in  different  cells,  but  for  the  mammalian 
tissues  it  is  supposed  to  be  about  that  of  a  0.9  per  cent.  NaCl  solution, 
since  in  such  a  solution  the  tissue  neither  gains  nor  loses  weight.  This 
is  about  7.1  atmospheres.  For  the  cells  of  apples,  the  juice  obtained  by 
pressing  the  apples  has  an  osmotic  pressure  of  about  17  atmospheres. 
It  is  partly  by  means  of  osmotic  pressure  that  plant  and  animal  cells 
preserve  their  turgor  and  keep  the  cell  wall  stretched;  and  it  is  by 
changes  in  turgor  that  movements  are  produced  in  many  plants,  i.e.,  the 
sensitive  plant,  and  possibly  in  our  own  brain  cells. 

The  determination  of  the  osmotic  pressure  of  animal  and  plant  cells 
may  be  directly  made  by  immersing  them  in  solutions  of  salts  or  sub- 
stances which  do  not  penetrate  them  and  determining  whether  they  shrink 
or  swell  or  remain  unaltered.  That  solution  in  which  they  neither  swell 
nor  shrink  is  supposed  to  have  an  osmotic  pressure  equal  to  that  of  the 
cell  contents.  This  method  was  used  by  the  botanist,  de  Vries,  to  deter- 
mine the  osmotic  pressure  of  plant  cells  and  also  the  concentration  of 
various  salts  all  of  which  left  the  size  of  the  cells  unaffected.  He  used 
cells  of  many  plants,  among  others  of  Tradescantia,  the  spider  lily.  Algae 
serve  as  well.  Normally  the  cell  contents  are  under  high  pressure,  due 
to  turgor  which  keeps  the  protoplasm  applied  to  the  cellulose  wall,  but 
if  the  cell  is  put  into  a  solution  of  which  the  solute  does  not  penetrate 
the  cell,  and  if  the  osmotic  pressure  is  high,  the  protoplasm  shrinks  away 
from  the  cellulose  wall.  It  is  said  to  be  plasmolyzed,  and  the  method  is 
called  the  plasmolysis  method.  By  this  method  the  osmotic  pressure  of 
various  plant  cells  was  determined.  Some  vegetable  saps  have  an  osmotic 
pressure  of  14  atmospheres. 

This  method  has  several  serious  sources  of  error.  TLe  plant  cell  is 
not  a  bag  of  liquid  with  a  semi-permeable  wall,  but  probably  a  jelly-like 
substance.  Furthermore,  this  gel  is  one  of  the  most  unstable  substances 
known.  It  is  living  matter,  and  the  activities  of  living  matter  are  won- 
derfully dependent  on  different  kinds  of  salts  and  other  substances.  It 
is  not  surprising.  therRfore.  that  the  method  has  given  only  approximate 
results,  although  these  results  have  been  of  great  value,  since  it  was  from 
de  Vries'  osmotic  measurements  made  by  this  method  that  van  't  Hoft 
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and,  Arrhenius  drew  part  of  their  material  for  the  laws  of  osmotic  pres- 
sure and  dissociation. 

Animal  cells  presumably  have  an  osmotic  pressure  approximately 
equal  to  that  of  the  circulating  liquids  like  the  blood,  which  is  some- 
what more  than  seven  atmospheres.  The  freezing  point  of  blood  serum 
is  about  — 0.6°,  which  would  be  an  osmotic  pressure  of  7.2  atmospheres 
as  shown  in  the  table.  The  red  blood  corpuscles  of  mammals  are  often 
used  for  osmotic  pressure  determinations.  The  concentration  of  a  solu- 
tion is  determined  in  which  the  corpuscles  have  the  same  volume  (in  the 
hematokrit,  see  page  992)  that  they  usually  have  in  the  serum.  The 
osmotic  pressure  of  the  serum  is  hence  equal  to  that  of  the  solution. 
For  mammalian  corpuscles  it  is  about  that  of  a  0.9  per  cent.  NaCl  solu- 
tion. Solutions  of  this  osmotic  pressure  are  said  to  be  isosmohc  or 
isotonic.  Stronger  solutions  which  shrink  the  corpuscles  are  hypertonic; 
weaker,  which  swell  them,  are  hypotonic.  Although  these  corpuscles  have 
little  chemical  activity,  they  are  gels  like  the  plant  cells  and  their  use 
for  determining  osmotic  pressure  is  hence  very  limited. 

Surface  tension. — Besides  the  properties  of  osmotic  pressure  and 
ionization  and  the  physical  properties  which  have  been  mentioned,  salt 
solutions,  such  as  occur  in  protoplasm,  or  in  fact  all  liquids,  possess 
certain  properties  at  the  surfaces  which  separate  them  from  other  sub- 
stances of  a  gaseous,  liquid,  or  solid  nature.  Such  surfaces  are  supposer". 
to  and  probably  do  exist  in  protoplasm  between  the  more  solid  and  the 
more  liquid  parts  of  the  protoplasm ;  and  the  physical  properties  of  such 
surfaces  of  separation  become  at  least  worthy  of  attention  in  any  exami- 
nation of  the  physical  properties  of  protoplasm.  It  is  clear  that  where 
a  liquid  comes  in  contact  with  another  substance  of  a  different  kind,  the 
molecules  of  the  periphery  of  the  liquid  are  no  longer  under  similar 
attractions  in  all  directions.  It  will  seldom  or  never  happen  that  the 
attraction  between  the  molecules  of  the  two  substances  in  contact  will 
be  precisely  the  same  as  that  between  the  molecules  of  each  substance. 
The  result  of  this  will  be  that  the  molecules  in  the  surface  film  of  the 
liquid  will  be  attracted  with  a  different  force  outward  than  they  are 
inward.  Their  freedom  of  movement,  therefore,  will  no  longer  be  pre- 
cisely the  same  in  all  directions,  as  it  is  in  the  interior  of  the  liquid,  but 
will  be  restricted  in  certain  directions.  The  surface  of  a  liquid  thus 
comes  to  possess  different  properties  from  the  interior;  and,  since  the 
molecular  freedom  of  movement  is  restricted  in  a  certain  direction,  the 
surface  perpendicular  to  this  direction  acquires  the  property  of  a  solid, 
since  a  solid  is  a  liquid  in  which  the  freedom  of  movement  of  the  mole- 
cules is  reduced.  The  surface  has  a  certain  resistance  to  rupture  owing 
CO  the  inability  of  the  molecules  to  move  freely  out  of  the  plane  of  the 
surface;  and  this  resistance  to  rupture  of  the  surface  film  is  called  the 


THE   PHYSICAL   CHEMISTRY    OF   PROTOPLASM  207 

surface  tension.  Wherever  there  are  surfaces  of  separation  of  liquids, 
or  of  liquids  from  solids  in  protoplasm,  such  surface  films  will  be  found ; 
and  their  surface  tension  becomes  then  a  very  important  matter  in  the 
physiology  of  the  cell. 

Method  of  determining  the  surface  tension. — The  surface  tension 
of  a  liquid  can  be  determined  in  several  different  ways,  of  which  only 
a  brief  outline  can  be  given  here.  The  most  accurate  is  perhaps  the 
so-called  ripple  method  of  Lord  Rayleigh,  which  consists  in  measuring 
the  speed  of  propagation  of  a  series  of  ripples  set  up  in  a  pan  of  the 
liquid.  There  is  a  relation  between  the  velocity  and  the  surface  tension. 
This  is  applicable  to  pure  liquids.  Another  equally  accurate  method 
is  that  of  measuring  directly,  by  means  of  a  balance,  the  tension 
of  a  double  surface  film  of  a  given  length.  This  method  is  not 
applicable  to  volatile  liquids.  There  are  two  methods  which  are  more 
convenient,  but  which  are  not  so  accurate.  One  is  the  measurement  of 
the  height  to  which  a  liquid  will  rise  in  a  capillary  tube  of  known  bore. 
From  this  height  the  surface  tension  in  dynes  per  cm.  may  be  calculated 
by  the  formula:  Surface  tension=x=y2  grh  (D^^ — D^).  r  is  the  radius 
of  the  tube  in  cms. ;  g,  the  acceleration  due  to  gravity ;  h  is  the  height  to 
which  the  liquid  rises;  and  D^  and  D^  the  densities  of  liquid  and  vapor. 
The  drawback  to  this  formula  and  this  method  of  the  measurement  of 
the  surface  tension  is  that  it  involves  the  assumption  that  the  angle  of 
contact  of  the  liquid  with  the  wall  of  the  tube  is  zero,  so  that  the  cosine 
of  the  angle  is  unity.  While  this  is  very  nearly  approximated  to  in 
water  at  low  temperatures,  it  is  probably  not  true  at  higher  temperatures 
and  particularly  for  liquids  which  have  a  lower  tension  than  water; 
hence  all  determinations  of  the  surface  tension  by  the  capillary  method 
are  open  to  the  suspicion  of  being  too  low,  the  error  increasing  with 
the  teinperature.  Another  method  of  determining  the  tension  is  the  drop 
method.  The  drop  weight  which  any  surface  film  can  support  is  depend- 
ent on  the  surface  tension.  The  number  of  drops  which  are  formed 
from  a  given  volume  of  liquid  is  determined  by  means  of  a  stalagmometer. 
Figure  19,  and  if  the  density  of  the  liquid  is  known,  the  weight  of  each 
drop  may  be  calculated  from  the  weight  of  the  liquid  divided  by  the 
number  of  drops.  The  surface  tension  of  water  being  taken  as  unity, 
the  surface  tension  of  any  other  liquid  measured  in  the  same  stalagmome- 
ter may  be  found  from  the  formula  : 

zs, 

K,  is  the  surface  tension  of  the  liquid  sought ;  z  and  Zj  the  number  of 
drops  of  equal  volumes  of  water  and  solution ;  Si  the  specific  gravity  of 
the  unknown  liquid  of  which  y^  is  the  surface  tension. 

This  method,  while  not  so  accurate  as  some  others,  is  nevertheless 
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most  applicable  for  the  determination  of  the  surface  tension  of  animal 
and  plant  liquids.  It  has  been  refined  in  the  hands  of  I.  Traube  and 
Morgan.  Another  accurate  method,  also  avoiding  the  error  of  the  angle 
of  contact  of  liquid  with  the  solid,  is  that  of  Eotvos,  which  is  particularly 
applicable  for  the  accurate  determination  of  the  tension  at  the  junction 
of  liquid  and  saturated  vapor.    It  involves  only  the  measure  of  certain 


Fig.  19. — Traube  stalagmometeis  for  determining  surface  tension. 

angles  determined  by  reflected  light  and  is  carried  out  in  sealed  tubes.  It 
may  be  used  for  the  determination  of  the  surface  tension  of  condensed 
gases.    There  are  also  other  methods,  but  these  are  the  more  important. 

It  is  found  by  the  use  of  the  ripple  method  that  the  surface  tension 
of  pure  water  is  73.24  (74  by  Rayleigh)  dynes  per  cm.  at  18°.  The  addi- 
tion of  any  of  the  common  salts  increases  the  tension,  as  is  shown  in  the 
table :  v 

Surface  Tension  of  Sodium  Chloride,  Potassium  Chloride  and  ZnSO    18°. 


Concentration 
.IM 
.2 
.3 
.5 
.7 
1.0 


NaCl 
73.42 
73.51 
73.55 
74.10 
74.40 
74.80 


KCI 
73.48 
73.60 
73.75 
74.20 
74.50 
75.00 


VaZiSO^ 
73.40 
73.60 
73.75 
74.20 
74.50 
75.10 


The  value 
1.77; 


These  results  are  represented  by  the  formula,  T,  =T„  -fkC 
of  k  was  for  NaCl,  1.53;  KCI,  1.71;  ¥2  Na^Coj,  2.00; 
Va  ZnSOi,  1.86.    Tw  is  the  tension  of  water. 

It  will  be  noticed  that  the  addition  of  each  salt  has  a  specific  effect. 
That  is,  the  tension  is  not  increased  to  the  same  extent  by  the  same  con- 
centration of  each  salt.  The  surface  tension  is  also  a  linear  function  of 
the  concentration,  at  least  within  certain  limits.  The  compressibilities 
of  the  solutions  decrease,  in  homologous  salts,  as  the  surface  tension 
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increases,  showing  that  the  internal  pressure  of  the  solution  due  to  cohe- 
sion is  also  increased  by  the  action  of  the  salt. 

Fats  and  soaps  and  bile  salts  decrease  the  surface  tension  of  water. 
The  least  trace  of  grease  has  a  marked  effect  on  the  surface  tension  of 
water,  if  the  tension  is  measured  by  the  ordinary  methods,  where  the 
surface  is  not  fresh.  But  if  the  jet  method  is  used  for  the  determina- 
tion of  the  tension,  it  is  found  that  the  perfectly  fresh  surface  of  the 
water  has  its  tension  changed  very  little  by  the  addition  of  soap.  It  is 
only  if  there  has  been  a  chance  for  the  surface  to  stand  for  a  few  moments 
that  the  surface  tension  is  found  to  fall  rapidly.  The  reason  for  this 
is  that  the  concentration  of  the  soap  in'  the  surface  film  increases  up  to 
a  certain  point  with  the  time  and  thereby  makes  the  surface  tension 
steadily  lower.  It  is  a  very  important  fact  to  remember,  in  considering 
the  surface  tension  of  substances  which  may  exist  in  two  or  more  states, 
(hat  the  state  with  the  lower  surface  tension  will  accumulate  in  the 
I'.iurface. 

The  surface  tension  of  water  may  be  used  to  test  the  presence  of  oil 
in  the  skin.  If  camphor  is  placed  on  the  surface  of  perfectly  pure  water, 
it  darts  hither  and  thither  on  the  surface  until  by  its  solution  in  the 
water  it  has  lowered  the  surface  tension  of  the  water  a  certain  amount. 
If  there  is  an  extremely  small  amount  of  grease  on  the  surface,  and  there 
is  generally  enough  grease  in  the  air  of  an  ordinary  laboratory  to  spoil 
the  surface  of  water  very  quickly,  the  camphor  stands  still.  Now  it  is 
found  if  a  glass  rod  be  touched  to  the  skin  beside  the  nose  and  then 
touched  to  the  water,  it  makes  the  camphor  still,  provided  the  skin  has 
a  normal  amount  of  oil.  A  quantitative  determination  of  the  oiliness  of 
the  skin  in  different  localities  can  be  made  by  this  method.  It  has  been 
found  that  the  ingestion  of  boric  acid  in  sufficient  quantity  so  completely 
prevents  the  secretion  of  oil,  causing  all  the  hair  of  the  body  to  come  out, 
that  the  camphor  no  longer  becomes  still  if  the  rod  is  rubbed  by  the  side 
of  the  nose  and  then  touched  to  the  water.  Lord  Rayleigh  has  calculated 
how  thin  the  film  of  oil  must  be  to  prevent  the  movement  of  camphor 
on  water  and  he  has  found  that  it  is  about  of  the  order  of  magnitude  of 
a  single  molecular  diameter  of  the  oil.  In  other  words,  the  oil  is  a  layer 
only  a  molecular  diameter  thick.  The  reason  why  the  camphor  darts 
about  on  the  surface  is  that  by  the  solution  of  a  little  of  the  camphor 
under  the  piece  there  is  a  local  lowering  of  the  surface  tension  so  that 
the  surface  yields  at  this  point  and  is  stretched  by  the  superior  tension 
of  the  surface  elsewhere.  This  jerks  the  camphor  away  with  it.  It  is  a 
good  demonstration  of  how  rapid  movements  may  be  produced  through 
the  influence  of  surface  tension.  Many  believe  that  the  movements  of 
protoplasm  and  even  muscle  contraction  are  due  to  surface-tension 
changes.    But  this  may  be  discussed  later.    When  the  concentration  of 
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the  soap  or  oil  in  the  water  is  sufficient  to  lower  the  surface  tension  to 
the  point  where  the  addition  of  camphor  can  lower  it  no  further,  then 
the  camphor  stays  still. 

A  more  difficult  question  is  raised  if  it  be  asked  how  it  comes  that 
sodium  chloride  added  to  water  increases  the  surface  tension  and  that 
soap  or  fat  lowers  it.  Perhaps  it  follows  from  the  fact  that  the  cohesion 
of  salt  is  greater,  and  that  of  fat  is  less,  than  that  of  water.  What  the 
cohesive  pressure  of  soap  or  oil  may  be  is  unknown,  but  it  certainly  is 
a  good  deal  less  than  that  of  water.  Water  probably  has  an  internal 
pressure  of  about  10,000  kilograms  per  square  cm.  at  15°.  No  other 
liquid  has  at  this  temperature  as  high  an  internal  pressure  as  this.  The 
surface  tension  of  a  pure  liquid  is  a  function  of  the  internal  pressure, 
and  the  surface  tension  of  water  is  accordingly  higher  than  that  of  oil. 
Acetic  acid  also  lowers  the  surface  tension  of  water,  and  here  again  the 
surface  tension  of  the  acid  is  less  than  that  of  water.  Salt,  on  the  other 
hand,  has  an  internal  pressure  so  great  that  the  substance  is  a  solid  at 
the  ordinary  temperatures ;  it  is  much  higher  than  water.  We  may  say, 
then,  that  those  substances  with  a  lower  surface  tension  than  water 
will  move  into  the  surface  film  and  those  of  a  higher  surface  tension  will 
move  away  from  the  film. 

The  accumulation  of  substances  in  the  surface  film. — The  eminent 
American  mathematical  chemist,  Willard  Gibbs,  drew  the  conclusion  from 
that  general  principle  of  energetics  and  thermodynamics  which  says  that 
systems  always  endeavor  to  take  that  state,  or  form,  in  which  their 
potential  energy  is  at  a  minimum,  that  if  any  substance  lowered  surface 
tension  it  would  accumulate  in  the  surface  film,  and  that  if  it  raised 
surface  tension  it  would  be  less  concentrated  in  the  surface  film  than 
elsewhere.  This  prediction  was  experimentally  confirmed.  It  is  easy 
to  see  why  this  should  be.  If  a  substance  by  its  presence  in  the  surface 
film  is  going  to  increase  the  surface  energy  it  is  evident,  from  the  law 
of  conservation  of  energy,  that  this  increase  of  energy  can  only  be 
obtained  by  the  doing  of  work.  The  substance  in  order  to  move  into  the 
film  must  then  do  work.  This  is  as  if  there  was  an  obstacle  to  its  moving 
into  the  film  and  hence  there  will  be  fewer  molecules  moving  into  the 
film  against  this  pressure  than  are  moving  in  other  directions.  Hence 
the  concentration  will  be  less  in  the  film.  Just  the  contrary  will  be  the 
case  for  substances  which  by  their  presence  in  the  surface  diminish  the 
surface  tension.  For  these  substances  the  surface  film  acts  as  a  trap. 
Once  in  it  they  find  an  obstacle  to  their  leaving  it,  since  by  their 
departure  the  energy  of  the  surface  will  be  increased,  and  hence  to  leave 
it  they  must  do  work.  It  is  found,  as  a  matter  of  fact,  that  this  diminu- 
tion or  increase  of  concentration  in  the  surface  film  actually  occurs, 
although  the  amount  is  not  usually  very  great.    In  sodium  oleate  solu- 
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tion,  Milner  found  an  excess  of  0.4  mg.  oleate  per  square  meter  in  the 
surface  film. 

The  difference  of  concentration  between  the  surface  film  and  the  rest 
of  the  solvent  may  be  of  considerable  importance  in  protoplasm.  Thus 
it  is  suggested  that  in  the  surface  of  contact  of  protoplasm  with  water, 
lipin  substances  will  accumulate  and  thus  make  a  kind  of  intermediate 
layer  of  a  lower  surface  tension  and  of  a  fatty  nature.  But,  inasmuch 
as  the  whole  substratum  of  the  cell  is  of  a  fatty  or  lipin  nature,  it  is 
difficult  to  see  how  the  surface  tension  of  the  junction  of  fat  and  water 
could  be  changed  by  the  passage  of  more  lipin  into  the  film;  and,  as  a 
matter  of  fact,  there  is  no  good  evidence  that  there  is  such  a  layer  about 
the  protoplasm.  It  is  probable  that  often  the  protoplasm  is  not  a  liquid 
at  its  surface  at  all  but  a  gel-like  solid. 

Quite  apart  from  the  accumulation  of  soluble  substances  in  the  sur- 
face film  due  to  the  general  principle  of  maximum  stability  just  men- 
tioned, we  often  find  that  solid  substances  will  accumulate  in  the  surface. 
If  finely  divided  substance  be  placed  in  an  emulsion  and  the  emulsion 
afterwards  separates  from  the  liquid,  as  an  oil  or  ether  emulsion  may 
separate,  from  water,  the  material  in  suspension  is  carried  along  with 
the  emulsion  and  thus  separated  from  the  liquid.  This  method  may 
sometimes  be  used  to  purify  solutions  from  finely  divided  precipitates 
which  filter  badly.  The  accumulation  of  these  solids  in  the  surface  is  not 
due  to  the  principle  of  Gibbs,  just  stated.  They  get  into  the  surface 
by  movements  accidentally  carrying  them  there  by  the  shaking  when  the 
emulsion  is  made.  Once  there  they  are  kept  there  by  the  surface  film 
which  is  like  a  solid  membrane.  They  are  supported  at  the  surface 
because  they  come  to  lie  actually  outside  the  water  and  between  that  and 
the  ether.  They  are  supported  there  just  as  flowers  of  sulphur  are  sup- 
ported at  the  surface  of  water  and  they  are  mechanically  carried  up  by 
the  rising  oil  or  ether.  In  protoplasm  substances  may  get  caught  in  this 
same  way  at  the  surface  boundary  of  protoplasm  and  water  or  possibly 
even  between  boundaries  in  the  cell  and  thus,  perhaps,  materials  for 
the  making  of  shells  or  membranes  may  be  accumulated  (Macallum). 
But  this  process  is  sometimes  confused  with  that  indicated  by  Gibbs, 
whereas  it  is  only  remotely  related  to  it. 

There  can  be  no  doubt  that  there  is  a  certain  tension  of  the  surface 
of  the  water  which  touches  the  protoplasm.  The  water  at  least  is  liquid. 
But  the  same  cannot  be  said  of  the  protoplasm.  It  was  long  believed 
that  the  movement  of  the  amoeba  was  due  to  these  surface  tension  forces 
in  the  protoplasm.  The  internal  protoplasm  of  the  amceba  is  certainly 
at  times  liquid,  for  example  the  protoplasm  which  rolls  out  to  form  a 
pseudopod ;  but  the  rest  of  the  protoplasm  in  the  external  layer,  according 
to  Kite,  is  solid  and  gel-like  and  it  can  be  cut  off  and  cut  into  pieces. 
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It  is  difficult  to  see  how  surface-tension  changes  of  the  water  should  cause 
the  movements  in  the  interior  protoplasm.  Moreover,  the  movements 
begin,  according  to  Harrington  and  Learning,  not  in  the  periphery  but 
in  the  interior.  Jennings,  who  has  very  carefully  studied  the  movements 
of  the  amoeba,  concludes  that  whatever  the  cause  of  these  movements  may 
be  they  are  certainly  not  due  to  surface  tension.  When  the  pseudopod 
moved  forward  the  surface  went  forward  too,  not  backward  as  it  should 
have  done  if  the  pseudopod  was  formed  as  the  result  of  the  lowering 
of  surface  tension  at  the  point  of  rupture.  An  examination  of  the  move- 
ment of  the  amoeba  from  the  side  instead  of  from  the  top  shows  that 
the  amoeba  walks  on  pseudopods  as  if  they  were  legs  and  that  the  motion 
is  not  surface  tension.  According  to  the  observations  of  Kite,  the  move- 
ments seem  more  probably  due  to  the  liquefaction  or  taking  up  of  water 
by  the  cell  protoplasm,  this  differing  in  differing  regions  and  causing 
the  movements  in  the  protoplasm.  It  is  very  doubtful,  therefore,  whether 
the  movements  of  an  amoeba  are  due  to  surface  tension  any  more 
than  those  of  a  fish  are  due  to  surface  tension.  It  is  very  difficult  to 
apply  to  such  a  complex  organized  half-gel  and  half-sol  substance 
such  as  protoplasm  is,  the  conclusions  derived  from  the  study  of 
pure  liquids  in  the  simplest  conditions.  The  application  is  extremely 
hazardous. 

When  one  comes  to  consider  the  protoplasm  as  a  whole,  it  is  impos- 
sible to  say  to  what  extent  it  is  made  up  of  small  chambers  of  capillary 
dimensions ;  to  what  extent  it  has  a  structure  of  such  a  kind  that  capil- 
larity should  play  a  large  part  in  it.  The  granules  and  droplets  of  proto- 
plasm are  many  of  them  solid,  not  liquid,  and  they  are  imbedded  not  in 
a  liquid  but  in  a  more  or  less  solid  gel.  It  is  impossible  to  say  to  what 
extent  surface  forces  are  active  in  such  a  semisolid  medium.  It  is, 
therefore,  at  least  too  early  to  speak  of  surface  tension  as  determining 
the  distribution  of  substances  in  the  cell,  as  has  been  done  by  some 
observers. 

Surface  tension  plays  an  important  physiological  role  in  its  relation 
to  the  absorption  of  water  by  the  cell  colloids.  If  a  colloidal  or  gel-like 
substance  such  as  gelatin,  perfectly  dry,  be  put  in  contact  with  water 
it  absorbs  a  considerable  quantity  of  the  latter.  This  absorption  is  due 
to  the  chemical  affinity  of  the  water  for  the  gel  substance.  By  the  pene- 
tration of  water  into  the  gel  there  is  produced  an  enormous  surface  of 
contact  of  the  water  and  the  gel  particles.  Now,  if  the  gel  be  acted  upon 
by  any  substance  which  increases  its  affinity  for  water,  which  increases 
its  power  of  union  with  the  water  molecules,  the  attraction  for  the  water 
is  increased  and  consequently  the  surface  tension  of  the  water  at  the 
surface  boundary  is  lowered  and  the  surface  will  be  increased.  In  other 
words,  more  water  will  be  absorbed.    On  the  other  hand,  if  we  add  to  the 
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liquid  any  substance  which  increases  the  surface  tension  of  the  water, 
the  surface  tension  will  be  increased  and  the  surface  of  contact  will  be 
reduced,  the  gel  will  lose  water.  It  is  because  of  this  fact  that  the  move- 
ment of  water  into  and  out  of  the  structures  of  protoplasm  becomes  pos- 
sible. Acids,  for  example,  enormously  increase  the  attraction  of  proteins 
for  water,  consequently  acids  will  lead  to  the  taking  up  of  water  by  the 
protoplasm,  as  th^y  are  found  to  do.  Salts,  on  the  other  hand,  may  have 
an  opposite  action.  The  movements  of  all  kinds  of  living  cells  are  prob- 
ably due  to  this  swelling,  or  dehydration,  of  the  protoplasmic  gel;  and 
we  may,  therefore,  consider  it  briefly.  Since  the  protoplasmic  gel  is  made 
of  colloids,  we  may  begin  by  a  study  of  these  substances. 

Colloids. — The  microscopic  examina,tion  of  living  matter  shows  that, 
the  cell  is  not  alike  in  all  its  parts ;  it  is  not  homogeneous,  but  it  has  a 
definite  structure.  This  structure  is.  due  to  the  colloids  of  the  cell. 
There  are  numerous  coarse  granules  of  various  sizes  and  kinds ;  a  nucleus ; 
nucleolus;  and  a  clear,  more  homogenteous  matrix  in  which  very  fine 
granules  are  revealed  under  the  highest  powers  of  the  microscope,  and 
particularly  when  photographed  by  ultra-violet  light.  The  details  of 
this  structure  appear  somewhat  different  in  different  cells,  but  it  has 
been  suggested  by  Biitschli,  after  long  investigation  both  of  fixed  and 
living  protoplasm,  that,  including  that  part  which  appears  to  be  homo- 
geneous, protoplasm  has  in  reality  a  foam-like  structure,  the  compart- 
ments of  the  foam  being  very  small  and  the  walls  extremely  thin.  Within 
the  cavities  of  the  foam  a  solution  is  supposed  to  exist.  This  conception 
is  probably  not  strictly  accurate,  but  there  is  no  doubt  of  the  organiza- 
tion and  heterogeneity  of  the  cell  protoplasm  whatever  the  exact  nature 
of  its  finest  structure.  The  cell  is  an  organized  structure;  it  is  not  form- 
less. If  the  structure  of  the  cell  is  destroyed,  if  the  nuclear  membrane 
or  cell  membranes  are  ruptured  by  mechanical  means,  as  by  cutting  or 
grinding  the  cell,  or  by  the  penetration  of  ice  crystals  in  freezing  and 
thawing,  or  by  stirring  up  the  protoplasm  so  as  to  bring  about  a  thorough 
mixture  of  its  various  parts,  there  is  a  great  outburst  of  chemical  activity 
evidenced  by  the  formation  of  acid  and  the  liberation  of  carbon  dioxide, 
and  cell  life  stops.  Organization  is,  therefore,  essential  for  metabolism. 
The  different  substances  of  the  cell  must  be  kept  apart,  localized  in  dif- 
ferent regions.  If  they  are  mixed,  they  react  with  and  destroy  each 
other. 

The  cell  is  in  fact  not  a  single  room  in  which  all  the  chemical  proc- 
esses occur  in  a  hlgglety-pigglety  manner,  as  they  occur  in  a  beaker,  but 
it  is  rather  a  well-organized  chemical  factory  with  different  chemical 
processes  occurring  in  different  regions  and  in  which  substances  are  being 
elaborated  as  fast  as  they  are  required.  How  their  production  is  regu- 
lated will  be  discussed  farther  on. 
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This  division  of  labor  within  the  cell,  this  separation  into  different 
ebmpartments  is  due  to  the  fact  that  protoplasm  is  not  primarily  a  solu- 
tion, or  is  so  only  in  part,  but  it  is  a  jelly-like  substance  or  technically  a 
gel.  It  is  a  semisolid  substance  consisting  of  solid  and  water  in  intimate 
admixture  or  union.  This  gel  structure  of  protoplasm  is  due  to  the  fact 
that  the  organic  substances  of  which  it  is  in  part  composed  have  very 
large  molecules,  or  are  large  particles,  so  that  they  have  little  velocity  of 
translation,  but  cohere  together.  Such  substances  are  known  as  colloids, 
and  it  is  in  virtue  of  the  colloidal  nature  of  the  products  elaborated 
from  the  foods  by  the  cell 's  chemical  processes  that  life  is  possible. 

The  colloidal  substances  in  protoplasm  contributing  to  its  structure 
are  the  proteins,  carbohydrates  and  lipins.  These  together  form  the  vital, 
organized  substratum  of  the  cell,  containing  in  its  interstices  the  water 
and  substances  of  siniple  molecular  kind,  the  extractives,  salts  and  vari- 
ous other  organic  bodies  in  true  solution.  As  the  whole  organization  of 
the  cell  depends  on  the  colloids  and  vital  activity  is  so  dependent  upon 
their  affinity  for  the  water  or  solution  present,  an  affinity  which  is  easily 
modified  by  salts,  metabolic  products,  acids,  anesthetics  and  other  drugs 
and  by  digestive  enzymes,  an  examination  of  the  general  properties  of 
colloids  and  the  colloidal  state  and  particularly  of  colloidal  proteins  is 
necessary  for  the  understanding  of  vital  processes. 

Properties  of  colloids.  All  substances  in  solution  were  divided  into 
two  great  groups  about  the  middle  of  the  nineteenth  century  by  the 
British  physicist,  Graham ;  into  substances  which  would  diffuse  through 
parchment  paper  or  other  membranes  wet  by  water,  substances  generally 
crystalline  in  nature,  which  he  named  crystalloids;  and  into  substances 
which  would  not  diffuse  through  parchment  or  other  similar  membranes, 
substances  which  he  called  colloid  (Gr.  kolla,  glue;  eidos,  appearance) 
or  glue-like  bodies,  because  they  behaved  like  glue  in  this  respect.  Among 
the  colloidal,  or  glue-like  bodies,  were  albumins,  gum  arable,  glue  itself, 
starch  and  many  other  animal  and  plant  substances.  Besides  the  prop- 
erty of  not  diffusing  through  paper,  these  colloids  had  several  properties 
in  common.  Most  of  them,  but  not  all,  were  amorphous,  non-crystalline 
bodies;  they  formed  viscous  solutions  which  when  sufficiently  concen- 
trated would  set,  or  gel.  When  in  aqueous  solution,  Graham  called  them 
hydrosols;  when  gelled,  hydrogels. 

It  is  now  known  that  many  colloidal  bodies  may  be  crystalline.  For 
example,  the  chromoproteins  hemoglobin,  phycoerythrin  and  phycocyan 
are  all  readily  crystallized;  and  many  other  colloidal  proteins  such  as 
edestin,  excelsin,  serum  albumin  and  ovalbumin  may  be  obtained  crys- 
talline ;  but  nevertheless  it  is  true  that  in  most  cases  special  conditions 
are  necessary  for  the  crystallization  of  colloids,  and  when  crystalline 
the  crystals  are  small  and  of  microscopic  dimensions ;  and  many  colloids 
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have  never  been  crystallized.  A  great  many  crystalloids,  also,  even 
substances  like  common  salt,  may  be  obtained  in  a  colloidal  form. 

It  is  in  virtue  of  these  three  properties — non-diffusibility,  of  forming 
viscous  solutions  and  real  gels — ^that  the  colloids  are  able  to  act  as  true 
organizers  of  the  cell's  activity. 

The  peculiar  a'nd  distinctive  properties  of  colloidal  solutions  are  due 
to  the  large  size  of  the  particles  which  are  dispersed.  Owing  to  this 
large  size,  surface  tension  phenomena  between  solute  and  solvent  come 
into  play  at  the  boundaries  of  the  particles,  and  these  phenomena,  which 
are  lacking  in  ordAnwry  solutions,  gi/ve  to  colloidal  solutions  properties 
which  ordinary  solutions  lack.  In  order  that  a  substance  shall  be  col- 
loidal, the  dispersed  particles  of  it  must  be  sufficiently  large  to  separate 
the  molecules  of  the  solvent  beyond  the  range  of  their  cohesional  attrac- 
tions. This  produces  the  surface  and  the  surface  tension.  The  range 
of  molecular  attraction  is  of  the  order  of  magnitude  of  1X10~^  cms.,  or 
1X10~®  mms.  This  is  1/^/1.  Dispersed  particles  must  be,  therefore,  at 
least  1  )«M  in  diameter  in  order  that  the  dispersion  be  colloidal. 

Colloids  may  be  arbitrarily  defined  as  substances  of  w^^ich  the  par- 
ticles in  solution  have  a  diameter  ranging  from  1-100  fifi.  One  M  is  the 
one  thousandth  part  of  a  millimeter.  They  grade  into  the  diffusible  crys- 
talloids on  the  one  hand,  and  suspensions  on  the  other.  An  idea  of  the 
size  of  a  colloidal  particle  may  be  obtained  from  the  fact  that  a  molecule 
of  ether  has  a  diameter  of  about  3X10~^  cms.  or  about  .000,000,3  mm. 
One  ^ytt  is  .000,001  mm.  The  shortest  visible  waves  of  violet  light  have 
a  wave  length  of  about  400  MM-  That  the  size  of  colloidal  particles 
is  large  is  shown  not  only  by  their  non-diffusibility,  but  also  by  the  fact 
that  they  may  at  times  be  seen  in  the  ultra  microscope ;  that  they  scatter 
light  and  the  light  so  reflected  from  their  surfaces  is  polarized  (Tyndall 
phenomenon)  ;  and  by  the  fact  that  they  may  be  centrifugalized  out  of 
solution. 

The  size  of  colloidal  particles  cannot  be  directly  determined  by  micro- 
scopic measurement  because  of  the  diffraction  halos  which  surround  them 
and  indeed  which  make  them  visible.  The  particles  themselves  cannot  be 
seen.  The  diameter  of  a  particle  of  sodium  oleate  can  be  calculated 
approximately  by  measuring  the  thinnest  spots  of  the  films  of  solutions 
of  sodium  oleate.  These  are  found  to  be, about  6XlO~''  cms.  in  thickness. 
Since  the  thinnest  films  are  at  least  three  times  the  diameter  of  a  mole- 
cule, a  molecule  or  particle  of  sodium  oleate  cannot  have  a  diameter 
greater  than  2X10"''^  cms.  or  2X10""®  mms.  The  smallest  particles  which 
are  visible  in  the  ultra  microscope  are  said  to  be  about,  5  A<;wor  5X10~* 
mms.  The  ultra  microscope  can  show  particles,  therefore,  which  have  a 
diameter  little  larger  than  three  particles  of  sodium  oleate.  Linear 
dimensions  found  for  some  colloidal  particles  are :  Gold  6-130  MM  i 
silver  50-77  M/^  ;  platinum  44  /</*. 
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In  the  ultra  mieroseope  light  enters  the  solution  from  the  side  instead 
of  from  beneath  as  in  the  ordinary  microscope.  The  light  strikes  the 
colloidal  particle  and  is  reflected  upward  to  the  eye.  One  sees  the  col- 
loidal particles,  when  they  are  sufficiently  large,  as  bright  specks  on  a 


Fig.  20. — Lantern  and  microscope  arranged  for  ultra-microscopic  observation.    Cardloid 
condenser  on  the  microscope. 

dark  field.    These  bright  points  are  usually  in  active  Brownian  move- 
ment.   The  smallest  particles  cannot  be  seen  in  this  way.    For  example, 

the  particles  of  casein  in.  solution  are 
colloidal,  but  they  do  not  appear  in 
the  ultra  microscope.  When  a  casein 
solution  clots,  however,  the  particles 
become  visible  and  may  be  seen  to 
grow. 

When  it  is  remembered  that  some 
forms  of  living  matter  exist,  sub- 
microseopio  germs  of  disease,  which 
are  filterable  through  a  porcelain  filter, 
but  scarcely  visible  in  the  ultra  micro- 
scope, it  is  probable  that  their  dimen- 
sions can  hardly  be  larger  than  a  very 
few  molecules  of  a  protein  colloid. 
nitra^^irofJiTi^'virn.  ""^^^Zs'^Jt  Their  organization  must,  hence,  be  ex- 
s'lfde  ri'oT 'SfeVdS  "''"'"'  °°  *^*  ^'**^  tremely  simple  and  can  hardly  be  other 

than  that  of  a  chemical  substance. 
Colloidal  substances  readily  separate  from  crystalloids  if  brought 
into  parchment  paper  immersed  in  the  solvent.  The  crystalloids  pass 
through ;  the  colloids  remain  behind.  This  process  of  separation  is  called 
dialysis  (dia,  through;  lysis,  to  loosen).  Colloidal  solutions  may  be 
purified  in  this  manner. 
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TJie  Tyndall  pJienomenon.  Most  colloidal  particles  are  sufficiently 
large  to  show  the  Tyndall  phenomenon.  By  this  is  meant  that  colloidal 
solutions  have  the  property  of  scattering  a  beam  of  light  passing 
through  the  solution,  so  that  the  path  of  the  light  rays  in  the  solution 
becomes  visible,  just  as  in  passing  through  a  dusty  atmosphere.  This 
is  known  as  the  Tyndall  phenomenon,  and  Tyndall  used  this,  method 
to  determine  when  the  dust  particles  had  subsided  out  of  the  air  in 
his  famous  experiments  on  artificial  biogenesis.  The  light  which  is 
thus  scattered  from  the  particles,  or  reflected  from  their  surfaces,  is 
found  to  be  elliptically  polarized  like  other  reflected  light.  Since  the 
blue  rays  are  the  more  easily  reflected,  colloidal  solutions  often  show 
a  blue  opalescence. 

Suspensoids  and  emulsoids.  For  convenience,  but  not  because  there 
is  any  sharp  line  of  demarcation  between  them,  for  on  the  contrary  they 
grade  one  into  the  other,  colloids  are  divided  into  two  classes:  into  sus- 
pensoids and  emulsoids.  The  colloidal  solutions  of  metals  are  typical 
suspensoids.  They  are  easily  precipitated  from  their  solutions  by  the 
action  of  salts ;  they  do  not  gel ;  and  they  form  generally  rather  dilute 
unstable  sols ;  the  emulsoids,  on  the  other  hand,  of  which  protein  colloids, 
starch,  gum  arable  and  gelatin  are  types,  have  the  property  of  forming 
semisolid  or  solid  gels;  that  is,  solid  systems  containing  a  great  deal  of 
water.  Most  of  the  emulsoids,  however,  will  flock  and  not  gel  if  the 
solutions  be  sufSciently  dilute,  so  that  the  distinction  is  not  a  funda- 
mental one.    The  colloids  in  protoplasm  are  emulsoid  colloids. 

Suspensoids  Emulsoids 

Collodial  metals  Gum  arable 

Kaolin  Proteins 

Antimony  sulphide  Starch 

Cadmium  sulphide  Gelatin 

Arsenious  sulphide  Silicic  acid 

Soap 

Agar-agar 

Nucleic  acid 

Colloidal  particles  are  electrically  charged.  A  fundamental  fact  about 
aqueous  colloidal  solutions  is  that  the  particles  bear  electrical  charges, 
the  charge  of  opposite  sign  being  in  the  water  contiguous  to  the  colloid. 
That  the  colloids  are  electrically  charged  may  be  shown  by  placing  elec- 
trodes connected  with  a  battery  in  a  colloidal  solution.  The  colloidal 
particles  move  with  or  against  the  current.  Since  only  electrically  charged 
particles  aiie  thus  transported,  the  colloidal  particles  must  be  charged. 
The  various  colloids  may  be  divided  into  those  which  move  to  the  anode, 
and  are,  hence,  electro-negative;  and  those  which  move  to  the  cathode, 
and  are,  accordingly,  electro-positive. 
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Electro-positive 

Ferric  hydrate. 

Basic  proteins,  histones  and  protamines. 

Proteins  in  acid  solution. 

Oxyhemoglobin. 

Aluminum  hydrate. 


neutral    or 


Electro-negative 
Arsenious  sulphide. 
Antimony  sulphide. 
Gold. 
Platinum. 

Copper  and  other  metals. 
Most    natural    proteins    in 
slightly  alkaline  solution. 
Lecithin  and  phosphatides. 
■Gum  arable. 
Glycogen   and   starch. 
Nucleic  acid. 
Soaps. 

How  many  charges  there  are  on  a  single  colloidal  particle  has  not  been 
determined,  so  far  as  I  know.  Some  writers  speak  as  if  there  were  a 
complete  electric  double  layer  all  about  the  particle.  There  is  probably  buv 


FIG.  22.— Apparatus  tor  fho  study  of  caiaplioiesis  of  colloids.  Non-polarizable  elec 
trodes  are  In  the  top  compartmejits.  The  lolloiclal  solution  is  brought  Into  the  U  tube 
below  the  gelatin  plugs.  In  the  figure  it  may  be  seen  that  the  colloid  is  accumulating 
below  the  plug  on  the  anode  side  and  Is  leaving  the  cathode  chamber.  The  colloid  Is 
electro-negative. 

a  single  charge  on  some  soap  colloids,  but  the  number  undoubtedly  is 
much  greater  in  others. 

Origin  of  the  electrical  charges.  The  origin  of  these  electrical  charges, 
of  the  existence  of  which  there  can  be  no  doubt,  was  at  first  obscure. 
It  was  pi-iginally  suggested  that  the  particles  owed  their  charges  to  the 
faster-speed  of  migration  of  the  hydrogen  or  hydroxyl  ions  of  water,  the 
ion  which  was  going  faster  would  presumably  strike  the  colloid  first  (see 
p.  153)  and  in  this  way  give  it  a  positive  charge  in  acid  solutions,  where 
hydrogen  ions  predominate,  and  a  negative  iii  alkaline,  where  the 
hydroxyl  ions  are  predominant.    It  is,  however,  generally  recognized  that 
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this  explanation  is  incorrect;  and  there  can  be  little  or  no  doubt  that 
they  acquire  their  charges  like  any  other  ions  by  the  process  of  ionic 
dissociation.  The  colloidal  particle  sends  into  the  water  one  ion,  metal 
cr  metalloid,  and  it  retains  the  opposite  charge.  This  process  may  be 
illustrated  by  glass.  Glass  in  contact  with  water  becomes  electrically 
negative  and  the  water  positive,  the  reason  being  that  glass,  which  is  a 
silicate,  sends  potassium  or  sodium  ions  into  the  water,  thus  making 
the  glass  electro-negative,  and  the  water,  containing  the  ion,  positive.  It 
is  quite  possible  to  substitute  the  sodium  ionized  from  the  glass  by 
another  metal.  If,  for  example,  a  glass  bottle  contains  a  solution  of 
copper  sulphate  it  will  be  found,  if  the  sulphate  is  poured  out,  that  some 
sodium  from  the  glass  has  gone  into  the  copper  sulphate  solution  and 
some  of  the  copper  remains  attached  to  the  glass  so  firmly  that  it  is  very 
difficult  to  remove  it  with  water.  It  is  necessary  to  treat  the  glass  bottle 
with  acid  in  order  to  free  it  from  copper.  A  copper  silicg-te  has  been 
formed  in  place  of  the  sodium  silicate  on  the  surface  of  the  glass.  It 
is  for  this  reason  that  in  trying  physiological  experiments  glass  utensils, 
which  have  had  mercury  or  copper  salt  solutions  in  thein,  must  be  washed 
with  the  greatest  care. 

If,  instead  of  using  the  glass  as  a  bottle,  finely  pulverized  glass,  or 
glass  wool,  is  placed  in  a  copper  sulphate  solution,  the  surface  of  contact 
is  so  much  larger  than  in  the  case  of  the  bottle  that  the  power  of  com- 
bining with  the  metal  is  greatly  increased,  so  that  the  effect  of  the  glass 
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Frd.  :;:!.- Iteaker  ol  water  showing 
negative  charges  on  the  glass  and  the  water 
made  electro-positive  by  the  sodium  ions  In 
it. 
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Fig.  24. — Showing  how  copper  In  a 
copper  sulphate  solution  replaces  the  sodium 
of  the  glass  and  is  ahsorhed  hy  the  healjer 
wall. 


in  modifying  the  concentration  of  the  copper  in  the  solution  becomes 
plainly  noticeable.  Thus  quite  large  quantities  of  copper  may  be  sepa- 
rrted  on  the  glass  and  removed  from  the  solution.  A  very  interesting 
experiment  was  tried  by  True  and  Ogilvie  illustrating,  this  combining 
.power  of  glass.  They  placed  sprouted  pea  seedlings  in  copper  sulphate 
solution  just  concentrated  enough  to  be  toxic  to  the  seedlings,  as  showji 
by  the  wilting  of  the  rootlet.    If  now  some  powdered  glass  or  glass  wool, 
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or  even  filter  paper,  was  placed  in  the  bottom  of  the  tube  containing  the 
copper  and  the  seedlings,  so  much  copper  was  taken  out  of  the  solution 
by  the  filter  paper  or  glass  that  it  was  no  longer  toxic  and  the  seedlings 


grew. 


It  is  easy  in  imagination  to  carry  the  process  of  subdivision  of  the 
glass  further,  until,  instead  of  the  pulverized  glass,  a  colloidal  silicate 
is  obtained,  the  particles  becoming  so  small  that  their  surface  eomparefl 


Fia.  25. — CoUolilal  Budium  silicate 
showing  the  silicate  particles  electro-nega- 
tive with  the  positive  sodium  ions  in  the 
water  close  by. 


Fio.  26. — To  Illustrate  the  possible  way 
In  which  cotton  Qbers  become  eleciro-ncjta 
tlve  In  water  by  sending  some  hydrogen 
Ions  Into  the  water. 


to  their  bulk  is  so  large  that  the  particles  remain  suspended  in  the  water. 
As  the  number  of  particles  of  silicate  in  the  surface  increases  by  sub- 
division, the  number  of  bonds  between  the  water  and  the  silicate  increases 
also.  The  action  of  the  glass  in  detoxicating  the  copper  solution  thus 
appears  to  increase  proportional  to  the  surface  of  separation  of  water 
and  glass  and  processes  of  this  kind  are  often  referred  to  as  surface 
phenomena,  and  treated  as  if  they  differed  in  kind  from  other  chemical 
reactions.  There  is,  however,  no  difference  in  principle  between  the 
condition  of  the  soluble  glass  as  a  colloidal  silicate  in  solution  in  the 
water  and  the  solid  glass  bottle  containing  the  water  in  it.  In  each  case 
the  glass  is  charged  by  the  process  of  ionization ;  and  the  union  of  metal 
and  glass  is  a  true  chemical  union.  But  it  will  be  seen  that  if  the  glass 
should  be  filtered  off  and  analyzed  the  proportion  of  copper  and  glass 
would  not  be  found  fixed,  as  in  ordinary  chemical  compounds,  but  vary- 
ing in  every  degree  with  the  size  of  the  surface  of  the  glass. 

Let  us  suppose,  now,  that  instead  of  the  glass  being  a  solid,  so  that 
it  retains  its  shape  and  the  water  is  forced  by  its  affinity  for  the  glass 
to  spread  itself  over  the  surface,  the  glass  molecules  were  freer  to  move, 
suppose  the  glass  were  a  liquid.  It  is  clear  that  if  the  attraction  between 
the  water  and  glass  were  sufficiently  great,  the  surface  energy  would  be 
most  reduced  by  the  most  complete  and  extensive  contact  possible  between 
the  water  and  the  glass.  Hence  the  potential  energy  of  the  system  would 
be  least  when  the  surface  of  contact  was  most  extensive.  The  system 
would  proceed  as  far  as  possible  in  the  direction  of  reducing  its  surface 
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energy  and  the  glass  would,  accordingly,  dissolve  in  the  water  and  the 
water  in  the  glass.  Ordinarily  in  a  colloidal  solution  the  division 
of  the  colloid  proceeds  to  that  point  at  which  the  surface  energy  is  a 
minimum. 

Other  colloidal  solutions  obtain  their  charges  in  the  same  way  as  the 
glass.  Thus  colloidal  silicic  acid  sends  a  hydrogen  ion  into  the  water. 
It  is  probable  that  all  carbohydrate  materials  of  an  insoluble  nature  or 
of  a  nature  to  form  colloidal  solutions  do  the  same.  Figure  26.  The 
carbohydrates  are  very  weak  acids,  as  discussed  in  Chapter  II.    In  some 
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Fig.  27. — Showing  how  various  col- 
loidal metals  are  electro-nesative  since  they 
send  a  few  positive  metal  Ions  into  solu- 
tion. Each  particle  has  an  electric  double 
layer  at  the  surface. 
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Fig.  28. — Showing  how  a  zinc  plate  In 
water  becomes  electro-negative  while  posi- 
tive ions  are  in  the  water  contiguous  to  the 
plate. 


cases,  however,  there  may  be  metal  ions  present  in  place  of  the  hydro- 
gen, as  in  gum  arable.  Filter  paper  or  cellulose  or  glycogen,  like  glucose 
and  cane  sugar,  probably  send  hydrogen  ions  into  the  water,  the  insol- 
uble residue  taking  the  negative  sign.  Filter  paper  will  thus  combine 
with  and  hold  positive  colloids  filtered  through  it.  Gum  arable  is 
electro-negative.  The  positive  ion  in  this  case  may  be  calcium,  since 
this  is  always  present  in  gum  arable.  The  colloidal  metals  are.  all 
electro-negative.  This  is  due  to  the  fact  that  all  the  metals,  in  the  pres- 
ence of  pure  water,  send  some  positive  ions  of  the  metal,  the  number 
varying  with  the  solution  tension  of  the  metal,  into  the  solution,  and 
accordingly  the  colloidal  metal  particle  is  electro-negative.  Since  the 
water  is  electro-positive,  due  to  the  presence  in  it  of  the  positive  metal 
ion,  there  is,  along  the  surface  of  a  plate  of  metal  in  water,  an  electric 
double  layer.  The  colloidal  solution  of  ferric  hydrate  is  made  by  shak- 
ing ferric  hydrate  in  ferric  chloride  solution  and  then  dialyzing  out  the 
ferric  chloride.  The  hydrate  is  electro-positive  because  by  the  affinity  of 
the  iron  of  the  hydrate  for  the  iron  of  the  ferric  chloride,  the  ferric 
hydrate  is  held  in  solution.  The  ferric  hydrate  has  thus  the  charge  of 
the  positive  ferric  ion  and  the  negative  ion  in  this  case  is  chlorine, 
some  of  which  always  remains  in  the  colloidal  solution,     A  similar 
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1.    Fe  ( OH )  g  +  FeCl^  =  Fe  ( Fe  ( OH^ )  }^  +  3C1 
Colloidal  ferric 
hydrate. 

2.     (As  S  )     4-H  S  =  H  S(As  S  )   ==H  +  HS(As  S  )„ 

^       2    s'n      '^      Z  2^2    an  ^^  ^       2    3    n 

Colloidal  arsenious 

sulphide, 
phenomenon  occurs  in  the  case  of  arsenious  sulphide  sol.  In  this  case 
the  solution  is  prepared  by  passing  HjS  into  arsenious  acid.  The 
arsenious  sulphide  does  not  precipitate,  but  remains  as  a  yellowish 
red  solution.  If  this  solution  is  dialyzed  a  long  time,  to  get  rid  of 
the  sulphureted  hydrogen,  and  is  then  evaporated  and  analyzed,  it 
is  found  that  there  is  always  more  sulphur  than  is  sufficient  to  form 
the  sulphide  of  arsenic.  It  is  clear,  then,  that  the  arsenious  sulphide,  as 
it  forms,  unites  with  the  hydrogen  sulphide,  probably  by  the  afSnity  of 
the  sulphur  of  the  two  sulphides  for  each  other.  The  hydrogen  sulphide 
ionizes,  separating  hydrogen  as  a  positive  ion  and  sulphur  as  a  negative, 
so  that  the  arsenious  sulphide  thus  is  united  with  the  anion  and  is  accord- 
ingly electro-negative.  Cadmium  sulphide  and  antimony  sulphide  be- 
have in  the  same  way,  so  that  all  of  these  colloids  are  electro-negative. 
In  addition  cadmium  sulphide  shows  a  very  interesting  phenomenon, 
which  recalls  some  of  the  specific  reactions  of  the  precipitins;  the  cad- 
mium sulphide  sol  is  extremely  sensitive  to  cadmium  salts  and  is  pre- 
cipitated by  very  small  amounts  of  these  salts, — by  a  dilution  of  1 :250,000 
CdSOi,  as  compared  with  1 :20,000  of  MnSO^. 

Perhaps  one  of  the  most  interesting  and  instructive  cases  of  a  col- 
loidal solution  is  that  of  soap  in  water.  In  alcohol  a  soap  is  quite 
normal,  the  molecules  being  monomolecular  and  not  colloidal;  but  in 
water  there  is  a  true  colloidal  solution.  The  explanation  of  this  throws 
light  on  many  puzzling  colloidal  phenomena.  In  water  soap  is  hydro- 
lyzed,  that  is,  some  of  the  soap  molecules  react  with  the  water  to  form 
sodium  hydrate  and  the  free  fatty  acid,  the  fatty  acids  being  very  weak 
acids. 

Stearic  acid  is  not  by  itself  soluble  in  water,  but  just  as  atoms  unite 
readily  in  a  physical  or  chemical  union  with  other  atoms  of  the  same 
kind,  so  stearic  acid  unites  with  the  stearic  ion  of  that  portion  of 
the  soap  which  has  not  been  hydrolyzed.  Every  sodium  atom  has,  there- 
fore, attached  to  it  one  stearate  ion,  but  united  with  this  stearate  ion, 
in  either  a  physical  or  a  loose  chemical  union,  are  two  or  three  molecules 
of  stearic  acid.  If  now  the  soap  is  salted  out  of  the  solution,  this  mixture 
of  sodium  stearate  and  stearic  acid  separates  in  the  form  of  soap.  The 
soap  thus  forms  an  electro-negative  colloidal  particle  consisting  of  several 
molecules  of  palmitic,  or  stearic,  acid,  and  this  is  held  in  solution  because 
of  the  great  attraction  of  the  sodium  ion  for  water.    The  alcoholic  soap 
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C-(CHJ^— CH^     =r    Na  +  O-C 

Sodium  stearate  Stearate  ion 
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Colloidal  soap. 

solution  is  normal,  and  not  colloidal,  for  the  reason  that  hydrolysis  does 
not  occur  in  the  alcohol  and  the  stearic  acid,  if  formed,  has  so  much 
greater  an  affinity  for  alcohol  than  for  water  that  it  does  not  form 
molecular  complexes.  The  cleansing  power  of  soap  depends  upon  this  same 
principle  of  affinity  between  the  palmitic  or  stearic  acid  colloidal,  particle 
and  the  fatty  acids  of  the  neutral  fats.  When  soap  is  put  on  the  skin, 
the  fats  of  the  skin,  like  the  palmitic  acid  of  the  soap,  adhere  to  the  latter, 
and  the  whole  is  suspended  in  water  because  of  the  attraction  of  the 
sodium  for  the  water  and  the  electro-static  affinity  between  the  sodium 
and  the  palmitate  or  stearate  ion.  Very  large,  loose  physico-chemical 
aggregates  may  be  built  up  in  this  way.  Thus  vaseline,  a  hydrocarbon, 
does  not  readily  combine  with  soap,  but  it  does  have  an  affinity  for  oil 
and  oil  for  soap.  Thus  by  rubbing  vaseline  with  oil  it  is  easily  removed 
by  soap,  the  oil  acting  as  an  intermediate  body.  Probably  such  unions 
as  these  contribute  to  the  formation  of  protoplasm ;  the  union  between  fat, 
phospholipin  and  cholesterol  may  be  of  this  nature. 

These  examples  will  suffice  to  show  how  colloidal  particles  get  the 
electrical  charges  they  have  in  solution  and  that  they  are  produced  by 
processes  of  ionization. 

Precipitation  of  colloids  by  salts.  Many  colloids,  particularly  -the 
suspensoids,  are  very  easily  precipitated  from  their  solutions  by  salts 
of  any  kind;  but  all  colloids  aggregate  into  larger  or  separate  into 
smaller  particles,  or  change  their  surface  of  contact  with  water  wi|en 
they  are  in  the  gel  state,  under  the  action  of  salts.  This  is  one  of  the 
fundamental  changes  which  salts  can  produce  in  living  matter,  aiid  since 
there  is  good  reason  for  thinking  that  the  mechanics  of  living  matter 
involves  this  process,  perhaps  more  than  any  other,  a  careful  study  of  it 
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has  been  made.  The  change  in  state  of  colloids  by  salts  is  of  great 
practical  importance  not  only  in  the  industries,  in  dyeing,  in  the  treat- 
ment of  sewage,  in  mining,  in  chemical  technology,  etc.,  but  also  in 
therapeutics  and  physiology. 

The  addition  of  various  neutral  salts  to  the  solutions  of  colloids  gen- 
erally causes  their  precipitation.  But  some  colloids  are  dissolved  by 
small  amounts  of  salts.  The  amount  of  the  salt  necessary  to  precipitate 
varies  with  the  salt  and  the  colloid,  but  toward  all  colloids  the  salts 
arrange  themselves  in  about  the  same  order  of  precipitating  efficiency. 
The  following  examples,  most  of  which  are  taken  from  the  work  of  Linder 
and  Picton,  who,  while  not  the  first  to  investigate  these  phenomena,  put 
their  results  in  a  very  convenient  form,  show  the  minimum  amount  of 
salt  necessary  to  bring  about  a  precipitation  of  the  colloid  in  a  given 
time. 

Precipitation  power  of  various  salts  on  araenious  sulphide  sol  (Linder  and 
Picton)  AlCl  being  taken  as  unity.  The  figures  represent  the  relative  concentration 
of  other  salts  necessary  to  precipitate.    The  limiting  concentration  for  precipitation 


by  AlClg  is  about 

.0001  molecular. 

Trivalent  cations 

Bivalent  cationa 

Monovalent  cations 

AlCl 

1 

SrCljj                     20.0 

HCl 

954 

A1,(S0^)3 

0.6 

Sr(NOj)^             20.9 

HBr 

909 

FeCl^ 

2.2 

CaClj                    21.3 
CaBr^                   21.3 

HI 

933 

Fe^(S0J^ 

1.50 

HNO 

933 

Cr^(S0^)3 

1.00 

CaSO^                   26.0 

H.SO4 

1,980 

ZnSO^                    27.3 

H.SO3 

3,640 

Bivalent  catioBS 

ZnCl^                     21.8 
FeClj                    23.1 

H  AaO 

5,100 

PbCl^ 

3.65 

hX 

4,430 

HgCl^ 

5.23 

FeSO^                   31.8 

NH^Cl 

1,010 

CdCl^ 

16.4 

CoClj                    20.9 

NH^Br 

1,200 

CdBr^ 

15.5 

CoSO^                    31.9 

Kcf 

1,590 

Cdl^ 

22.7 

NiCl^                    24.6 

KBr 

1,640 

CdSO 

15.0 

MnSO^                   32.8 

NaCl 

1,680 

Cd(NO) 
MgCl^ 

14.6 

CuSO^                    14.8 

NaBr 

1.770 

16.4 

BaClj                    19.1 

NaNO 

1,900 

MgBr^ 

21.3 

Ba(N0J^            18.6 

LiNo/ 

1,770 

MgSO^ 

34.1 

Tl  SO 

13 

Precipitation  of  an  electro-positive  colloid.  Albumin  from  Picea  excelsa  in  0.1 
per  cent.  HCl  (Posternak).  The  figures  indicate  the  molecular  concentration  of  the 
vreakeat  precipitating  solutions. 


Salt 

Concentration 

Salt 

Concentration 

Salt 

Concentration 

HCl 

0.388 

NH^Br 

0.230 

NaNO 

0.116 

NH^Cl 

0.385 

NaBr 

0.200 

KNO3 

0.136 

^aCl 
TCCl 

0.325 
0.380 

KBr 

Nal 

0.206 
0.069 

^H^SO 
i/,(NH^)^SO^ 

0.0714 
0.0376 

%MgCl, 

0.311 

KI 

0.098 

%NaSO^ 

0.0274 

%BaCI, 

0.366 
0.414 

HNO 
NHNO 

0.137 
0.135 

%K^SO 

0.0402 
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It  will  be  seen  from  the  examples  cited  that  salts  containing  monova- 
lent metals  (cations)  require  stronger  solutions  to  precipitate  electro- 
negative colloids  than  salts  containing  bivalent  metals ;  and  these  in  turn 
require  stronger  solutions  than  salts  of  trivalent  metals.  The  valence  of 
the  ion  of  the  opposite  charge  to  the  colloid  appears  to  determine,  or  to 
be  a  powerful  factor  in,  the  precipitation  of  a  colloid.  It  will  be  seen 
that  apparently,  at  any  rate,  valence  is  of  more  importance  than  the 
chemical  nature  of  the  ion.  Furthermore,  the  valence  of  the  salt  ion 
which  is  of  the  same  sign  as  the  colloid,  the  anion  in  the  ease  of  electro- 
negative colloids,  appears  to  exert  no  influence  on  the  precipitation.  For 
example,  while  calcium  chloride  is  much  more  powerful  as  a  precipitating 
salt  than  the  chloride  of  sodium,  sodium  chloride  and  sodium  sulphate 
have  about  the  same  precipitating  power.  These  facts  have  been  found 
to  be  very  general.  Toward  electro-positive  colloids  the  valence  of  the 
anion  is  important. 

It  is  necessary  to  examine  the  character  of  the  precipitate  formed 
if  an  insight  is  desired  into  the  mechanism  of  precipitation  by  salts. 
Does  the  salt  go  down  with  the  colloid  or  not?  It  has  been  found  in 
all  cases  which  are  thus  examined  that  the  ion  of  the  opposite  charge 
to  the  colloid,  that  is  the  precipitating  ion,  always  is  found  in  the 
precipitate.  Thus,  when  antimony  sulphide  is  precipitated  by  sodium 
chloride,  there  is  always  sodium  in  the  precipitate;  if  by  potassium 
chloride,  there  is  potassium  in  the  precipitate,  and  so  on.  If  a  protein 
is  salted  out  of  solution  by  a  sulphate,  sulphuric  acid  is  always  found 
attached  to  the  protein  after  dialysis  of  the  salt.  These  general 
phenomena  have  been  formulated  in  the  following  rules : 

1.  The  precipitating  agent  is  always  the  ion  of  the  opposite  sign  to 
that  of  the  colloid.  That  is,  if  the  colloid  is  negative,  the  precipitating 
ion  is  always  the  cation ;  if-  positive,  the  anion. 

2.  The  precipitating  power  of  the  precipitating  ion  is  a  function  of 
its  valence.  Bivalent  ions  are  much  more  powerful  than  monovalent; 
polyvalent  more  powerful  than  bivalent. 

3.  Some  of  the  precipitating  ion  is  always  precipitated  with  the 
colloid. 

4.  The  valence  of  the  ion  of  the  same  sign  as  the  colloid  is  of  no 
importance  in  the  precipitation. 

5.  The  ion  of  the  same  sign  appears  to  exert  an  influence  antag- 
onistic to  the  precipitating  action  of  the  ion  of  opposite  sign. 

How  does  the  valence  of  the  ion  act?  The  fact  that  the  precipitation 
is  a  function  of  the  number  of  valences  is  of  great  significance,  because 
the  valences  are  probably  electrical  in  nature.  The  electrical  state  of 
the  ion  thus  appears  to  be  of  more  importance  than  its  chemical  nature. 
Attempts  have  been  made  to  explain  how  the  valence  might  act.    There 


226  PHYSIOLOGICAL   CHEMISTRY 

have  been  two  explanations  gi*ven  of  the  way  in  which  an  increase  of 
va;lence  might  increase  the  precipitating  action  of  a  salt.  The  first  is 
that  of  Whetham  and  Hardy.  Since  it  is  the  valence,  or  the  number  of 
electrical  charges  on  the  ion,  which  is  of  importance  in  precipitating. 
Hardy  suggested,  and  Whetham  computed,  that  there  was  a  far  greater 
bhance  of  two  charges  arriving  simultaneously  in  the  neighborhood  of  a 
collo'id  Jiarticle  when  both  charges  were  on  the  same  ion,  than  when  they 
were  on  separate  univalent  ions.  For  a  trivalent  ion  the  chances  were 
very  much  better  that  the  three  charges  should  arrive  simultaneously 
if  all  were  on  one  ion,  than  if  each  were  on  a  separate  ion.  Their  idea 
was  far  removed  from  that  of  a  chemical  union  between  the  ion  and  the 
colloid.  Hardy  supposed  that  the  electrical  double  layer  about  the  col- 
loidal particle  was  destroyed  by  the  approach  of  the  precipitating  ion, 
and  the  solution  was  in  this  way  made  unstable.  This  interpretation 
was  rendered  very  unlikely  when  it  was  found  that  the  precipitating  ion 
went  down  with  the  colloid  in  union  with  it.  Furthermore,  the  author 
has  shown  that  the  ion  of  the  same  sign  as  the  colloid  exerts  a  dissolving 
action,  making  the  colloidal  solution  more  stable,  but  valence  plays  no 
part  in  its  action.  Compare,  for  example,  the  sodium  and  potassium 
salts  in  Posternak's  work.  It  always  takes  a  higher  concentration  of  a 
potassium  salt  to  precipitate  than  of  a  sodium  salt  of  the  same  acid, 
if  it  were  simply  a  question  of  the  opposite  action  of  electrical  charges, 
the  same  reasoning  should  hold  for  the  ions  of  the  same  sign;  and  the 
efficiency  of  a  polyvalent  ion  of  the  same  sign  in  holding  a  colloid  in 
solution  should  also  be  greater  commensurately  than  that  of  a  monovalent 
ion.  ,  Since  valence  is  of  importance  in  one  case,  that  in  whieli  the  ion 
unites  with  the  colloid,  but  is  without  importance  fdr  the  ion  which  does 
not  unite  with  the  colloid,  the  writer  has  suggested  that  bivalent  and 
trivalent  ions  are  more  effective  in  precipitating  because  they  unite  two 
or  three  or  more  colloidal  aggregates  into  very  large  aggregates  of  the 
following  kind:  Ca-colloid-Ca-coUoid-Ca-colloid-Ca-coUoid.  The  aggre- 
gates are  nearly  always  obviously  larger  when  the  precipitation  is  by 
a  polyvalent  ion.  Since  ions  of  the  same  sign  do  not  unite  with  the 
colloid,  the  number  of  charges  they  bear  is  of  no  effect. 

How  does  the  ion  of  opposite  sign  precipitate?  This  is  a  very  fun- 
damental question  and  one  to  which  no  definite  answer  can  as  yet  be 
given.  It  is  essentially  the  question  of  solubility.  It  is  not  known  why 
sodium  sulphate  is  soluble  and  barium  sulphate  insoluble.  There  is  a 
surface  of  contact  between  the  colloidal  particle  and  the  water  or  salt 
solution.  The  action  of  the  salt  on  the  surface  tension  of  the  wat«r  may, 
therefore,  be  considered  first.  All  of  these  salts  raise  Ihe  sui-faee  tension 
of  the  water,  as  may  be  seen  in  the  figures  cited  on  page  208. 

Any  agent  which  raises  the  surface  tension  of  the  water  will,  if  it  have 
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(10  Other  action,  cause  the  system  water-colloid  to  reduce  the  surface  of 
iDiitact  in  order  to  reduce  the  potential  energy  of  the  surface  to  a  mini- 
ii:um.  This  factor  then  will  result  in  the  flocking,  or  the  coalescence,  of 
(lie  colloidal  particles  into  larger  aggregates  of  smaller  surface.  An 
e  >aminatioii  of  the  effects  of  salts  on  surface  tension  shows  that  they 
arrange  themselves  somewhat  in  the  same  order  as  they  do  in  their  pre- 
cipitating powers.  This  does  not  explain  the  fact;  it  simply  expresses 
another  fact.  It  does  not  say  exactly  how  this  coalescence  is  brought 
about.  Another  factor  may  be  this:  The  colloid  is  rendered  stable  by 
the  electric  double  layer ;  the  effect  of  this  double  layer  is  to  reduce  the 
tension  of  the  surface,  because  it  sets  up  electro-static  stresses  across  the 
surface  between  colloid  and  solution.  Now,  it  is  generally  true  that  salts 
of  bivalent  metals  ionize  somewhat  less  readily  than  monovalent.  Hence, 
if  a  "monovalent  ion  is  replaced  by  a  bivalent,  the  ionization  will  be 
reduced,  the  electric  double  layer  reduced,  the  surface  tension  increased 
and  hence  a  reduction  of  surface  will  occur,  if  it  can  occur.  The  water 
in  contact  with  the  uncharged  particle  has,  of  course,  the  highest  surface 
tension  when  there  is  no  union  or  attraction  between  the  water  and  the 
colloid.  The  consequence  is  that  the  undissociated  particle  is  the  least 
soluble  particle.  The  ion,  or  charged  colloidal  particle,  is  more  soluble, 
because  the  double  layer  reduces  the  surface  tension. 

In  some  of  the  colloids,  as  in  the  globulins  for  example,  which,  are 
soluble  in  dilute  salt  solutions  but  not  in  water,  the  addition  of  a  little 
salt  is  able  to  cause  the  colloid  to  dissolve.  This  can  only  be  explained 
by  supposing  that  the  salt  acts  on  the  colloid  so  as  to  increase  its  affinity 
for  water,  so  that  by  this  the  surface  tension  is  reduced  more  than  it  is 
raised  by  the  direct  action  of  the  salt  on  the  water.  This  might  be  accom- 
plished in  the  following  way: 

—      + 
Colloid; — ^Colloid  -f  H 

—       -I-        -1-        — —        -1-       -f  — 

Colloid  +  H  +  Na  +  Cl:;irrColIoid  +  Na  +  HCl 

Colloidlfa  +  HCl ►ColloidHCl  +  Na 

In  this  case  the  HCl  formed  is  probably  united  with  the  colloid,  and  may 
ionize  itself,  making  the  colloid  positive  at  one  place  and  negative  at  the 
other.  At  any  rate,  the  tension  of  the  surface  between  NacoUoidHCl 
and  water  is  reduced  below  that  of  the  globulin  alone,  and  solubility  is 
increased.  The  addition  of  more  salt  precipitates.  The  same  thing 
may  happen  in  arsenious  sulphide,  which  is  also  rendered  more  soluble 
by  very  small  amounts  of  salt,  but  precipitated  by  larger.  Here  normally 
the  positive  ion  is  hydrogen.  By  the  replacement  with  sodium  in  sodium 
chloride  the  ionization  will  be  increased.  However,  HjS  is  so  weak  an 
acid  that  this  action  will  soon  cease,  then  the  addition  of  more  NaCl  will 
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reduce  the  ionization  and  the  colloid  will  be  precipitated  as  the  sodium 
salt.  Addition  of  the  salt  pushes  back  the  ionization  and  the  sodium 
salt  of  the  colloid  is  accordingly  precipitated. 

Na  -}-  colloid  Nacolloid 

Soluble  ^  Very  little  soluble. 

According  to  this  explanation  the  weaker  the  acid  of  the  sodium  salt 
used,  the  larger  should  be  the  amount  of  salt  necessary  to  precipitate. 
It  should  take  more  sodium  iodide  than  of  chloride  to  precipitate,  and 
this  is  found  to  be  the  case. 

Influence  of  solution  tension.  There  is  another  factor  in  the  precipi- 
tating power  of  an  ion  or  salt  besides  the  valence.  It  is  found  that  hydro 
gen  chloride  is  always  more  effective  in  precipitating  an  electro-negative 
colloid  than  sodium  chloride;  and  differences  exist  between  the  lithium, 
rubidium,  caesium,  potassium  and  sodium  salts,  all  of  which  are  monova- 
lent. Similar  differences  exist  between  calcium,  magnesium,  barium  and 
strontium,  or  between  aluminum,  ferric  and  chromic  salts.  These  dif- 
ferences have  been  studied  by  the  author  and  they  are  illustrated  by  the 
preceding  tables.  Thus  Postemak  found  that  the  limiting  precipitating 
concentrations  of  NaCl,  NaBr  and  Nal  were  .325,  .200  and  .069  M. 
respectively.  The  anions  have  the  same  valence  presumably,  but  the 
precipitating  action  of  the  iodide  is  greater.  In  Linder  and  Picton's 
work,  KCl  had  a  precipitating  power  represented  by  1/1590 ;  while  HCl 
?ras  1/954. 

It  is  a  matter  of  general  experience  also  that  the  heavy,  and  par- 
;icularly  the  noble,  metals  precipitate  albumin  colloids  more  effectively 
than  do  the  alkaline  or  alkaline  earth  metals  of  the  same  valence.  Cobalt, 
cupric  and  mercuric  chlorides  are  far  more  powerful  precipitants  of  the 
colloids  than  are  the  alkaline  earths.  To  explain  this  difference  the 
author  has  pointed  out  that  the  metals  arrange  themselves  in  the  order 
of  their  solution  tensions.  In  other  words,  that  besides  the  number  of 
charges  carried  by  the  ion,  the  efficiency  of  the  ion  is  measured  by  the 
voltage  of  the  ion;  that  is,  by  the  tendency  of  the  ion  to  give  up  its 
charge,  or  by  the  amount  of  available  energy  in  the  ion.  It  thus  hap- 
pens that  although  silver  is  monovalent  it  is  a  better  precipitant  oi 
the  colloids  than  is  calcium.  There  are  always  two  factors  in  energy, 
the  volumetric  or  capacity  factor,  i.e.,  the  quantity  factor;  and  the 
intensity  factor.  Just  as  in  an  electric  current  the  amount  of  work 
it  can  do  is  measured  by  the  amount  of  the  current  and  the  voltage,  so 
in  an  ion  the  work  it  can  do  is  measured  by  the  number  of  charges  and 
by  the  voltage  or  intensity  factor  of  the  charge.  The  silver  ion  holds 
its  positive  charge  far  less  firmly  than  does  sodium.  Silver,  as  an  ion, 
attempts  to  get  rid  of  its  charge  and  go  over  into  the  metallic  state ;  so 
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that  ionic  silver  is  a  good  oxidizing  agent.  When  it  is  redaced  a  large 
amount  of  energy  is  set  free.  In  the  silver  ion  there  is  a  large  amount 
of  available  potential  energy  as  compared  with  metallic  silver. 

It  is  for  this  reason  also  that  silver  salts  are  so  toxic  and  poisonous, 
whereas  the  metal  is  so  inert.  In  the  ease  of  sodium  the  reverse  is  the 
ease.  Metallic  sodium  has  more  energy  in  it  than  the  ion.  It  is  this 
difference  in  energy  content  that  makes  the  properties  of  ionic  sodium 
so  different  from  those  of  the  metal,  one  being  a  necessary  food  for  the 
body,  the  other  a  terrible  caustic  which  destroys  all  living  matter  with 
which  it  comes  in  contact.  Copper,  ferric  iron,  lead,  gold,  platinum, 
arsenic,  bismuth  and  mercury  all  resemble  silver  in  the  respect  that  they 
have  more  energy  in  the  ionic  than  in  the  metallic  form.  Of  the  anions, 
chlorine,  bromine,  fluorine  and  iodine  have  very  much  more  available 
energy  in  the  atomic  than  in  the  ionic  form  and  consequently  these  sub- 
stances are,  as  elements,  strong  oxidizing  agents.  Fluorine  with  the 
most  energy  is  the  most  caustic  and  toxic ;  chlorine,  bromine  and  iodine 
following  in  the  order  named,  iodine  being  least  toxic. 

It  would  take  us  too  far  afield,  however,  to  discuss  farther  in  a  book 
of  this  character  this  relationship  of  the  solution  tension,  or  energy  con- 
tent of  the  ion,  to  its  precipitating  power,  and  we  may  now  pass  on  from 
a  consideration  of  the  effect  of  salts  on  colloidal  solutions  to  the  properties 
and  nature  of  gels. 

Structure  of  gels. — ^Many  colloidal  solutions,  particularly  solutions  of 
emulsoids,  but  also  some  crystalloid  solutions  have  the  property  of 
solidifying  as  a  whole  without  the  separation  of  the  solute  and  solvent 
into  visibly  distinct  zones  or  phases.  A  sufficiently  concentrated  solution 
of  gelatin  will  set  when  cool  into  a  jelly.  A  gel  has  the  properties  of  a 
solid,  in  that  it  holds  its  shape  and  resists  shearing  stresses ;  it  is  more 
or  less  elastic.  The  molecules  of  which  it  is  composed  are  not  like  those 
of  a  solution  free  to  move  about.  Their  motion  is  in  some  way  restricted 
as  in  a  solid.  A  gel  is  never  homogeneous.  It  consists  always  of  two  dis- 
tiact  phases  or  substances,  one  of  these  is  a  liquid  and  it  may  generally 
be  separated  from  the  other  by  pressure,  leaving  behind  the  more  solid 
phase  of  the  solute.  Since  protoplasm  has  the  property  of  changing  very 
readily  from  a  liquid  to  a  gel  state,  the  study  of  the  structure  and  physics 
of  gels  becomes  very  interesting  for  the  physiologist.  A  gel  may  be  de- 
fined as  a  disperse  system  of  a  solid  consistence  and  consisting  of  aJia.uid 
and  a  more  solid  phase,  or  of  two  liquid  phase^.  It  is  a  solid  disperse 
system  in  which  the  degree  of  disperson  is  not  to  molecular  fineness. 
Some  colloids  form  gels  with  great  ease.  Gelatin  is  a  tj'pical  example 
of  this;  agar-agar  is  another  example.  A  solution  of  sodium  nucleate 
gels  very  easily.  These  colloids  are  called  hydrophilic  colloids,  meaning 
that  they  have  an  attraction  for  water.    On  the  other  hand,  some  colloids. 
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such  for  example  as  colloidal  metals,  do  not  form  gels.  They  flock  out 
of  solution.  Closely  allied  to  the  gels  are  the  emulsions.  These  are  sys- 
tems of  several  substances  having  at  times  a  solid  consistence.  They 
differ  from  the  true  colloidal  solutions  and  gels,  in  that  the  degree  of 
dispersion  is  not  so  fine.  A  soap  foam  is  an  emulsion  of  this  character ; 
cream  is  another. 

Many  gels  are  converted  into  a  sol  state  by  warming  or  other  treat- 
ment, and  gel  again  on  cooling.  These  are  called  reversible  gels.  Some 
gels  are  not  reconvertible  into  sols.  They  are  irreversible.  Gelatin 
or  agar-agar  form  reversible  gels;  blood  when  it  clots  forms  an  irre- 
versible gel ;  a  strong  solution  of  coagulable  protein  forms  on  heating 
an  irreversible  gel  also.  It  will  not  redissolve  on  further  heating.  Proto- 
plasm appears  to  form  reversible  gels. 

What,  then,  is  the  structure  of  a  gel?  What  has  happened  when  a 
colloidal  solution  gels  ?  How  is  the  water  held  in  the  gel  ?  Why  do  some 
colloids  flock  out  of  solution  and  some  gelatinize  ?  Since  gels  are  solids, 
not  liquids,  it  is  clear  that  in  some  way  or  other  the  freedom  of  movement 
of  the  solvent  molecules  is  restricted  in  the  gel  as  compared  with  the  state 
in  the  liquid.  How  is  this  loss  of  freedom  produced?  To  examine  the 
structure  of  gels  an  ultra  microscope,  that  is  a  dark  field  microscope,  is 
best.  In  this  case  the  light  enters  from  the  side  instead  of  from  under- 
neath and  the  finest  particles  are  shown  as  bright  spots  on  a  dark  field. 
The  process  of  gelatinization  has  been  studied  with  such  a  microscope.  It 
has  been  found  that  the  structures  of  various  gels  may  be  quite  different 
in  details.  Some  gels  are  formed  of  very  minute,  or  rather  very  thin, 
acicular  crystals  which  penetrate  the  gel  in  all  directions,  and  which  hold 
the  saturated  solution  from  which  the  crystals  have  been  deposited 
entangled  between  them.  Such  a  gel  made  of  a  crystalloid,  not  a  col- 
loid, is  very  easily  obtained  by  dissolving  a  good  deal  of  caffeine  in  water 
and  allowing  it  to  cool.  The  caffeine  crj'stallizes  out  in  a  mass  of  very 
long,  extremely  thin,  acicular  crystals,  and  the  whole  makes  a  gel.  so 
that  the  test-tube  may  be  inverted  without  any  liquid  escaping.  This 
experiment  shows  that  crystalloids  may  form  gels  as  well  as  colloids. 
Tyrosine  when  quite  pure  often  forms  similar  gels.  To  form  such  a  crys- 
talline gel  it  is  apparently  necessary  that  the  crystals  should. come  out 
in  a  very  minute  dimension,  at  least  one  or  two  dimensions  must  be 
minute.  The  crystals  may  be  very  long.  Among  other  examples  of  col- 
loidal substances  which  gel  by  the  formation  of  very  long,  extremely 
thin  acicular  crystals,  the  clotting  of  the  blood  may  be  mentioned.  The 
crystals  of  fibrin  are  shown  in  Figure  29.  The  corpuscles  and  liquid 
are  entangled  between  these  crystals.  Most  gels,  however,  are  not  crys- 
talline in  structure.  A  typical  gel  of  a  non-crystallinf^  form  is  that  of 
casein.    If  rennin  is  added  to  a  solution  of  casein  under  suitable  condi- 
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tions  the  casein  is  converted  into  an  insoluble  form,  paracasein,  which 
forms  a  clot  or  jelly.  This  process  has  been  watched  imder  the  ultra 
microscope  and  the  appearances  are  reproduced  in  Figures  30  and  31. 
In  the  solution  nothing  can  be  seen.  The  field  is  homogeneous  and  dark. 
As  the  clotting  begins  there  is  at  first  a  diffuse,  very  faint  light  in  the 


Fig.  29. — The  clotting  o£  fibrin  showing  the  long,  acicular  crystals.     A  crystalline 
gel  as  seen  In  the  ultra  microscope  (Stubel). 

field,  but  no  visible,  distinct  points.  As  the  clotting  goes  on  distinct 
points,  very  minute  and  in  active  motion,  appear  first,  these  grow 
larger  and  gradually  cease  to  move.  Finally  the  gel  is  seen  to  consist 
of  a  very  large  number  of  small  clumps  or  specks  distributed  through- 
out the  gel  and  having  no  Brownian  movement.  The  gelatinization 
appears  in  this  case  to  be  due  to  the  formation  of  an  insoluble  pre- 
cipitate which  does  not  flock  out  of  the  solution  but  remains  in  situ 
and  which  holds  the  liquid  between  the  particles.  The  liquid  between 
the  particles  will  hold  other  substances  in  solution  and  will  also  neces- 
sarily consist  of  a  saturated  solution  of  the  substance,  in  this  case  para- 
casein, which  has  been  in  part  precipitated.  Most  gels  are  of  this  general 
character.  Silicic  acid,  for  example,  forms  a  gel  of  this  nature  and  so 
does  sodium  nucleate.  Still  another  form  of  gel  is  sometimes  obtained 
of  the  nature  of  a  very  fine  emulsion.  A  mixture  of  gelatin,  water 
and  alcohol  will  form  such  a  gel  as  shown  by  Hardy.  If  the  concentra- 
tion of  the  gelatin  was  36  per  cent.,  the  gelatin  formed  solid  walls 
or  alveoli  containing  a  dilute  solution  of  the  gelatin  in  the  cavity ;  if 
the  gelatin  was  13.5  per  cent.,  the  more  concentrated  phase. separated 
out  as  spherical  drops  surrounded  by  the  more  dilute  phase.  A  gel 
may  be  formed  of  three  liquids. 

The  most  probable  explanation  of  the  formation  of  a  gel  is  that  the 
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liquid  solvent,  or  more  liquid  phase,  is  made  solid  by  surface  forces.  It 
has  already  been  explained  that  at  the  surface  of  boundary  of  two  liquids 
or  of  liquid  and  solid  the  attraction  of  the  molecules  in  the  two  directions 
outward  and  inward  is  different,  so  that  the  surface  layer  of  liquid  mole- 


iTiQs.  30  AND  31. — Two  stages  In  the  clotting  of  casein  as  seen  In  the  ultra  microscope. 
In  Fig.  31  the  casein  particles  have  aggregated  into  coarser  clumps  (Stubel). 

cules  have  their  freedom  of  movement  reduced ;  they  are  really  converted 
into  a  solid  of  two  dimensions.  In  order  to  make  a  solid  gel  it  is  only 
necessary  that  the  amount  of  liquid  in  the  surfaces  shall  be  large  com- 
pared to  the  amount  of  liquid  not  under  the  action  of  unequal  attractions. 
In  other  words,  the  proportion  of  liquid  in  the  form  of  surface  film  must 
be  sufficiently  high.  To  accomplish  this  it  is  only  necessary  to  have  a  very 
fine  state  of  subdivision  of  the  precipitate,  together  with  a  certain  con- 
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centration  of  the  precipitate  and  an  attraction  between  the  precipitate 
and  the  solvent.  It  is  a  matter  of  indifference  whether  the  finely  divided 
precipitate  is  crystalline  or  amorphous ;  all  that  is  necessary  is  that  the 
surface  of  the  particles  be  very  large  compared  to  their  bulk  and  that 
there  be  enough  of  such  fine  crystals,  or  other  finely  divided  matter,  so 
that  the  amount  of  free  liquid  shall  not  be  too  great.  If  the  amount  of 
liquid  is  too  great,  the  particles,  surrounded  by  their  surface  layers  of 
water,  will  separate  out.  Emulsions  do  not  differ  in  principle  from  gels, 
nor  do  foams.  Although  a  soap  foam  is  composed  of  a  gas  and  a  liquid 
soap  solution,  yet  if  the  liquid  be  distributed  in  the  form  of  surface  films 
it  is  changed  to  solid  supporting  lamellse  and  the  foam  is  a  solid.  The 
essential  thing  about  a  gel  is,  therefore,  that  the  liquid  which  is  present, 
whatever  its  character,  be  present  for  the  greater  part  as  surface  films. 

All  surface  films,  as  we  have  seen,  have  a  contractile  action.  There  is 
always  a  tension  in  such  films.  This  is  shown  very  clearly  in  the  contrac- 
tion of  a  small  soap  bubble  when  one  stops  blowing  it  and  removes  the  pipe 
from  the  mouth  without  stopping  the  vent.  It  is  this  contractile  action 
which  constitutes  or  measures  or  is  the  expression  of  the  surface  tension. 
It  is  not  surprising,  hence,  that  gels  which  really  owe  their  solidity  to 
surface  films  of  liquid  generally  contract.  In  this  contraction  they  press 
out  some  of  the  liquid  and  this  liquid  is  always,  naturally,  a  saturated 
solution  of  the  material  of  one  phase  of  the  gel,  generally  of  the  solid 
matter,  and  it  often  contains  other  substances  in  solution  such  as  salts. 
This  process  of  contraction  of  gels  with  the  separation  of  some  liquid  of 
this  character  is  called  "  Syneresis."  It  is  a  true  process  of  secretion, 
probably  identical  in  character  with  the  processes  of  secretion  by  cells. 
The  contraction  of  an  agar-agar  tube  with  the  formation  of  the  so-called 
water  of  condensation  is  known  to  every  bacteriologist;  and  the  con- 
traction of  clotted  blood  with  the  formation  of  serum  which  is  squeezed 
out  of  the  jelly  is  known  to  many.  Most  housewives  know  how  annoying 
this  tendency  of  contraction  of  gels  is,  since  the  liquid  thus  expressed  is 
often  a  good  culture  medium  for  moulds  and  bacteria. 

Protoplasm  may  be  regarded  either  as  a  very  viscid  sol,  or  as  a  gel. 
Its  structure  is  that  of  a  microscopic  einulsion.  In  other  words,  it  has 
the  structure  of  a  gel,  or  when  it  is  more  liquid,  of  a  sol.  Like  other  gels 
it  is  able  to  contract  and  thus  to  press  out  a  solution.  It  can  take  up 
water.  It  is  probable  that  while  a  good  deal  of  the  solidity  of  protoplasm 
may  be  due  to  the  formation  in  the  cell  of  tough  fibers  or  crystals  of 
protein  or  other  matter,  a  part  of  its  solidity,  and  often  a  large  part,  is 
due  to  the  fact  that  the  liquid  in  the  cell  is  distributed  very  largely  in 
the  form  of  surface  films  between  the  granules,  microsomes  or  droplets 
of  various  kinds  found  in  living  matter.  The  liquid  between  the  various 
granules  is  bound,  probably,  in  the  form  of  surface  films  of  a  contractile 
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kind.  This  structure  of  protoplasm  by  which  it  is  allied  to  an  emulsion 
was  particularly  studied  by  Biitschli.  Figure  32  shows  how  closely 
the  structure  resembles  that  of  an  emulsion.  The  real  living  part  of  the 
protoplasm  in  its  more  solid  moments  is  probably  a  microscopic  foam 
01*  emulsion.  At  other  times  it  may  be  distinctly  fluid.  This  will  happen 
when  the  films  are  broken,  or  when  the  surface  tension  is  diminished,  or 


FiQ.  32. — Illustrating  the  foam-like  structure  of  fixed  protoplasm    (Hardy). 

when  there  is  too  much  water  in  the  protoplasm  in  proportion  to  that 
present  in  the  form  of  surface  films.  The  recent,  very  important  work  of 
Clowes  on  emulsions  should  be  read  in  this  connection. 

Absorption  of  water  by  gels. — The  absorption  of  water  by  gels  is 
extremely  important  in  physiology,  because  the  protoplasm  of  the  cellr. 
of  the  higher  animals  is  a  gel  and  many  of  the  physiological  activities 
appeal-  to  be  due  to  the  absorption  and  loss  of  water  by  various  parts 
of  the  protoplasm.  Thus  the  contraction  of  muscle  cells  is  apparently 
due  to  the  passage  of  water  into  and  out  of  the  fibrillar  elements,  sarco- 
styles,  as  is  discussed  on  page  627 ;  in  secretion  there  is  evidently  an  alter- 
nate absorption  and  loss  of  water  by  the  cell,  the  process  being  so  regu- 
lated that  the  loss  of  water  takes  place  from  another  part  of  the  cell 
than  that  in  which  it  is  taken  in ;  the  abstraction  of  water  from  the  gel  of 
the  nerve  fibers  causes  the  development  of  a  nerve  impulse  j  and  in  plants 
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the  movements  of  leaves,  petals  and  other  parts  of  the  plant  are  due, 
generally,  to  turgor  changes  in  the  different  cells.  In  fact,  it  appears 
that  the  mechanics,  that  is  the  physical  part  of  the  protoplasmic  activity, 
is  very  largely  a  matter  of  the  orderly  absorption  and  loss  of  water  by 
the  cell  colloids.  In  this  connection  attention  may  be  called  to  the  con- 
centration of  the  chromatin  of  the  nucleus  into  very  dense  chromatic 
masses  during  cell  division  as  a  probable  example  of  the  concentration  of 
a  gel  by  the  loss  of  water,  accompanying  a  physiological  process.    The 
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Fig.  32A. — The  swelling  of  fibrin  in  different  salt  solutions.  Equal  amounts  of  fibrin 
In  each  tube.  Fibrin  is  represented  by  the  punctate  masses  at  the  bottom  of  the  tubes 
(from  Bechold). 


great  importance  of  a  thorough  understanding  of  the  physics  of  the  proc- 
ess of  the  absorption  and  loss  of  water  by  gels,  of  swelling  or  imbibition 
processes  in  other  words,  for  the  understanding  of  vital  actions  will  be 
apparent  from  this  statement;  but  in  addition  it  may  be  mentioned 
that  from  the  point  of  view  of  pathology  and  therapeutics  the  subject 
is  no  less  important,  since  the  process  undoubtedly  plays  a  very  great 
role  in  oedema,  in  the  swelling  of  the  brain  after  a  blow  on  the  head  and 
in  the  occasional  swelling  of  organs  like  the  kidneys  to  such  an  extent 
that  the  circulation  is  impeded. 

Hofmeister  was  one  of  the  first  to  recognize  the  great  importance  of 
this  process  of  swelling  in  animal  physiology,  and  he  has  contributed 
much  to  our  knowledge  of  the  conditions  of  the  process.  Any  protein 
gel  can  be  used  to  illustrate  the  action  of  salts,  acids,  etc.,  on  the  water 
content,  but  perhaps  gelatin  and  fibrin  are  the  most  easily  obtained  and 
have  been  most  studied.  Small  muscles  may  also  be  used,  for  in  them 
the  gel  is  protoplasm  itself,  but  muscles  have  the  drawback  that  they 
are  the  seat  of  various  chemical  processes,  which  complicate  and  make 
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obscure  the  interpretation  of  the  results.  The  method  employed  by  Hof- 
meister,  and  generally  followed  by  others,  is  to  make  a  fairly  strong 
gel  of  gelatin  by  dissolving  the  latter  in  hot  water.  The  gelatin  is  poured 
into  a  flat-bottom  vessel  in  a  thin  layer,  and  after  hardening  it  is  cut 
into  cubes  of  about  the  same  size.  These  cubes  are  weighed  and  then 
placed  in  solutions  of  salts  of  various  strengths  and  kinds,  or  of  acids, 
or  other  substances,  and  then,  after  varying  times,  they  are  removed,  the 
adhering  water  removed  by  blotting  paper  and  the  cubes  weighed.  If 
the  salt  or  acid  has  caused  the  gel  to  take  up  more  water,  the  cube  will 
now  be  heavier ;  if  loss  of  water  has  occurred,  it  will  be  lighter. 

' '  By  swelling, ' '  Hof meister  says, ' '  one  understands  the  taking  up  of 
liquid  by  a  solid  body  without  chemical  change."  Three  different  proc- 
esses may  play  a  part  in  this: 

1.  A  porous  mass  may  take  up  liquid  in  previously  formed  capil- 
laries and  spaces  filled  with  air.  This  is  capillary  imbibition  and  is  illus- 
trated by  the  absorption  of  water  by  a  mass  of  porous  clay. 

2.  A  porous  mass  may  take  up  liquid  by  osmosis  into  previously  built 
spaces  filled  with  soluble  substances  or  liquids.  This  is  imbibition  by 
osmosis.  This  occurs  in  all  animal  and  plant  cells  which  have  a  per- 
meable skin. 

3.  A  homogeneous,  pore-free  mass,  like  gelatin,  absorbs  a  liquid 
undergoing  an  increase  in  volume.  This  is  the  molecular  imbibition  of 
Pick.  This  is  the  process  of  the  swelling  of  most  of  the  proteins,  of 
lecithin  and  other  phospholipins  and  most  of  the  cell  structures  like  the 
chromosomes,  cellulose  fibers,  dried  peas,  etc. 

In  animal  or  plant  cells  all  three  forms  of  swelling  may  coexist. 
Thus  a  muscle  brought  into  a  solution  takes  by  capillarity  some  water 
into  the  spaces  between  the  fibers.  A  second  part  is  taken  by  osmosis, 
not  all  substances  in  the  muscle  being  diffusible  through  the  surface 
layer;  and  a  third  by  molecular  imbibition.  Of  the  three  forms,  the 
capillary  depends  on  surface  tension;  imbibition  is  a  peculiar  kind  of 
process  which  possibly  belongs  in  the  group  of  adsorption  processes  and 
may  also  be  of  a  surface  tension  nature  at  the  bottom. 

Three  laws  of  swelling  which  have  been  discovered  are  these :  a.  Many 
substances  capable  of  swelling  take  up  a  definite  amount  of  water,  not 
an  indefinite  amount.  There  is  a  swelling  maximum,  b.  The  volume  of 
the  swollen  body  is  smaller  than  the  combined  volumes  of  the  original 
substance  and  the  liquid  taken  up.  Swelling  is  accompanied  by  a  con- 
traction in  volume  (Quincke),  c.  Swelling  is  regularly  accompanied  by 
the  evolution  of  heat  ( Duvernoy ;  Wiedemann  and  Liideking) . 

Hofmeister  used  small  squares  of  gelatin  or  agar  not  over  0.2  mm. 
thick  and  weighing  wheti  dried  at  100°  C.  from  .01  to  .05  gram.  These 
were  placed  for  a  time  in  water  warmed  to  a  certain  temperature  and 
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weighed  from  time  to  time  to  discover  the  rate  at  which  water  was  taken 
up  and  the  swelling  maximum.  It  was  found  that  the  weight  of  water 
absorbed  could  be  represented  by  the  following  formula: 

If  W  is  the  weight  of  water  taken  up  by  one  part  of  the  dry  substance 
in  t  minutes  it  was  found  that 

W  =  P(I— —I — ) 

P  is  the  largest  amount  of  water  which  can  be  taken  up  by  one  unit  of 
substance,  or  the  swelling  maximum ;  c  is  a  constant  computed  from  th<' 
experiment;  d,  the  thickness  of  the  plate  in  the  maximum  swollen  stale 
measured  in  mm. ;  and  t,  the  time  in  minutes.  P  was  found  by  leaving 
the  plates  in  water  for  from  1,000  to  2,000  minutes.  P  depends  on  the 
affinity  of  the  particles  for  water  and  the  cohesion  of  the  particles  for 
themselves.    The  velocity  is  proportional  to  P — ^W. 

The  following  results  were  obtained  with  agar  plates  of  a  thickness  of 
0.60  mm.     P=5.62935;  c/d=.15348. 


t 

W  found 

W  computed 

5 

2.44 

2.44 

10 

3.35 

3.41 

15 

3.86 

3.92 

20 

4.31 

4.25 

30 

4.69 

4.63 

40 

4.84 

4.84 

50 

5.07 

5.03 

60 

4.98 

5.08 

1440 

5.52 

5.60 

It  will  be  seen  from  these  figures  that  the  water  is  absorbed  with 
great  quickness.  The  smaller  and  the  thinner  the  piece,  that  is  the  larger 
the  surface  in  proportion  to  the  bulk,  the  more  rapid  will  be  the  swelling. 
A  completely  dry  agar  plate  0.206  mm.  in  thickness  in  the  first  minute 
absorbed  75  per  cent,  of  the  total  amount  it  could  take  up.  If  the  size 
of  the  plate  was  that  of  a  red  blood  cell,  i.e.,  .002  mm.,  in  the  first  minute 
it  would  have  reached  the  maximum,  or  at  least  98  per  cent,  of  the  maxi- 
mum absorption.  This  is  a  point  of  very  great  importance  in  the  inter- 
pretation of  muscle  contraction  where  the  taking  up  and  loss  of  water 
must  take  place  with  great  speed,  if  the  contraction  is  to  be  ascribed,  as 
it  seems  that  it  must  be  ascribed,  to  this  process.  It  will  be  seen,  also, 
that  when  a  celi  is  placed  in  water  or  other  solution,  the  first  effect  must 
be  on  the  delicate  membrane  surrounding  the  cell  which  will  almost  at 
once,  because  of  its  great  thinness,  alter  its  state  of  swelling  to  that  of 
the  solution  in  which  it  is  placed.  It  is  seen,  then,  that  the  first  effect 
of  a  solution  is  thus  on  the  state  of  swelling  of  the  peripheral  membrane 
and  it  is  not  impossible  that  this  is  of  importance  in  determining  the  ease 
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or  difficulty  of  penetration  of  substances  into  cells,  and  is  a  matter  of 
importance  in  the  making  of  the  fertilization  membrane  of  eggs. 

The  second  problem  investigated  by  Hofmeister  had  to  do  with  the 
question,  How  does  the  swelling  behave  when  the  gelatin  is  in  a  salt  solu- 
tion and  not  in  water  ?  He  made  cubes  of  concentrated  gelatin  and  deter- 
mined the  amount  of  ash  and  water  in  several  of  them.  The  gelatin  cubes 
were  then  brought  into  the  solution  to  be  tested  and  on  the  next  or  later 
days  were  taken  out  and  after  drying  were  weighed.  He  at  times  deter- 
mined also  the  amount  of  salt  taken  up.  The  figures  in  the  table  show  the 
number  of  times  the  weight  of  solution  in  the  plates  is  that  of  the  dry 
substance.  At  the  start  the  water  was  4.42  times  the  dry  substance.  The 
cubes  were  placed  in  solutions  of  the  salts  which  contained  one  gram  mol. 
of  the  salt  to  a  thousand  grams  of  water. 

After 

Salt  48  h.  T2h.  9611.  1)  days  25  days 

Na  Acetate 2.G9  2.76  2.99  3.07           3.25 

Water     6.39  6.74  8.13  9.37  Putrefaction 

KCl    6.89  7.49  9.25  10.05  11.86 

NaCl     6.82  7.49  9.82  10.81  13.07 

NH^Cl     9.39  10.33  12.83  14.01  16.47 

In  solutions  of  LiCl,  MgClj,  CaCla,  NaBr,  NaClOj,  the  gelatin  dis- 
solved in  24  hours. 

In  double  normal  solutions  in  48  hours,  cubes,  which  before  contained 
5.39  parts  of  water  to  one  part  gelatin,  contained  the  following  amounts: 

Alcohol    8.70 

CH    0     9.29 

6      12     6 

Na  Acetate   9.83 

Sucrose    10.77 

Water     12.12 

.       NH^CI    15.95 

KCl 18.84 

NaCl 22.19 

These  experiments  show  that  the  amount  of  water  taken  up  by  a  gel 
from  a  salt  solution  depends  on  the  nature  of  the  salt  present,  being 
reduced  by  some  salts  and  increased  by  others.  Most  salts,  howe^'er, 
increase  the  swelling  of  the  gelatin.  This  is  exactly  parallel  to  the  solu- 
tion of  a  globulin,  which  will  only  dissolve  if  some  salt  is  present.  Hof- 
meister interpreted  his  results  to  mean  that  all  salts  had,  as  a  primary 
effect,  an  increase  in  the  water-absorbing  power,  but  that  some  had  a 
greater  affinity  for  water  themselves  and  that  there  was  a  strife  between 
the  gelatin  and  salt  particles  for  the  water.  It  is,  however,  possible  that 
the  greater  power  of  the  ammonium  chloride  may  be  due  to  the  presence 
of  a  small  amount  of  acid  in  its  solution  and  the  inhibitory  action  of  the 
acetate  to  the  presence  of  a  little  hydroxyl  in  the  solution.   Acids  in  small 
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amounts  greatly  increase  the  swelling  power  of  protein  colloids.  The 
amount  of  salt  taken  up  was  in  general  proportional  to  the  quantity  in 
the  solution,  but  the  absorption  of  the  salt  and  the  water  did  not  run 
perfectly  parallel.  Thus,  at  first,  the  salt  content  increased  more  rapidly 
than  the  water  content.  "While  it  is  clear  that  some  kind  of  a  chemical 
affinity  must  exist  between  the  swelling  body  and  the  liquid,  since  rubber 
swells  in  ether  but  not  in  water  and  gelatin  shows  the  reverse  effect,  Hof- 
meister  concludes  nevertheless  that  the  attraction  is  not  that  of  an  ordi- 
nary chemical  kind,  since  in  the  latter  a  definite  proportion  of  the  react- 
ing substances  is  found.  The  selective  absorption  of  the  gelatin  for 
various  solutes  was  made  very  obvious  by  placing  the  gelatin  cubes  in 
solutions  of  methyl  violet.  In  dilute  solutions  most  of  the  color  passed 
out  of  the  solution  into  the  gelatin.  He  concludes  that  the  gelatin  par- 
licles  must  have  a  far  greater  attraction  for  the  color  molecules  than  for 
the  water.  It  is  probable,  since  salts  unite  with  amino-acids,  that  they 
also  combine  chemically  with  gelatin. 

Similar  experiments  have  been  carried  out  by  Pauli  and  others, 
among  whom  special  mention  may  be  made  of  Fischer  for  his  applica- 
tion of  the  results  to  the  study  of  the  cause  and  treatment  of  oedema. 
Pauli  studied  the  action  of  various  salts  on  the  fusion  points  of  gels.  He 
found  that  the  iodides  lowered  the  point  of  fusion  most,  then  came  the 
bromides,  chlorides,  acetates,  tartrates  and  sulphates  in  the  order 
named. 

"While  thp  facts  as  they  stand  enable  us  to  forecast  the  influence  of 
salts  on  the  colloidal  substratum  of  living  matter  and  thus  furnish  a 
partial  explanation  of  how  salts  are  affecting  vital  processes,  yet  it  is 
instructive  to  inquire  somewhat  more  deeply  into  the  physics  of  this 
process.  "Why  do  salts  in  dilute  solution  cause  swelling,  and  in  stronger 
solution,  shrinking  ?  It  is  probable  that  the  manner  of  action  is  the  same 
as  the  precipitation  of  a  colloid  from  solution.  If  the  colloid  is  sufficiently 
dilute,  under  the  influence  of  the  salt  it  falls  out  of  the  water :  if  it  is 
too  concentrated,  as  it  is  in  the  gel  form  so  that  it  can  no  longer  precipi- 
tate, the  salt  causes  the  water  to  fall  out  of  it.  The  same  result  may  be 
had  if  a  piece  of  fibrin  is  placed  in  water;  it  takes  up  some  water,  but 
it  takes  up  far  more  when  there  is  a  little  acid  present.  Some  salts  and 
acids  increase  the  affinity  of  protein  colloids  for  water  and  these  cause 
swelling  and  dissolve  protein  colloids ;  others  diminish  the  affinity,  and 
these  cause  a  loss  of  water.  Anything  which  increases  this  affinity  lowers 
the  tension  of  the  surface  of  contact  of  the  water  and  the  colloid  and 
hence  this  surface  is  increased,  the  gelatin  swells,  water  penetrates  it; 
on  the  other  hand,  any  salt  which  increases  the  surface  tension  of  contact 
between  colloid  and  water  will  cause  a  diminution  of  the  surface  of 
contact,  and  the  colloid  will  lose  water.    The  way  in  which  acids  thus 
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act  is  that  they  unite  with  the  protein  to  form  a  salt  which  ionizes 
readily.  This  salt  thus  causes  the  gelatin  particles  to  be  surrounded  by 
an  electrical  double  layer.  By  the  electro-static  afSnity  across  this  layer 
the  affinity  of  the  water  and  the  gelatin  is  increased,  and  accordingly  the 
surface  tension  of  the  water  in  contact  with  the  gelatin  is  reduced,  and 
if  the  gelatin  is  not  too  rigid  an  increase  of  surface  will  take  place.  All 
acids,  therefore,  in  more  than  quite  minute  amounts,  cause  proteins  to 
absorb  water.  If,  however,  the  amount  of  acid  is  very  small  and  the 
protein  is  in  a  very  dilute  alkaline  solution,  the  first  action  will  be  in 
the  direction  of  a  loss  of  water.  The  production  of  acid  in  a  tissui; 
Fischer  believes  to  be  the  prime  cause  of  oedema.  The  action  of  salts  is 
more  difficult  to  understand,  but  it  is  probable,  as  Hofmeister  believed, 
that  the  first  effect  of  the  salt  is  to  make  a  weak  union  with  the  gelatin, 
leading  it  to  take  up  more  water  or  rendering  it  more  soluble.  We  may 
infer  from  the  fact  that  iodides  cause  solution  of  gelatin  that  the  gelatin 
colloid  is,  in  water,  chiefly  electro-negative,  that  which  direct  observa- 
tion confirms. 

The  swelling  of  solid  bodies  following  or  accompanying  imbibition 
of  water  is  often  very  great.    Thus  peas  will  swell  to  double  their  size, 
and  Irish  moss  (Chondrus  crispus)  swells  to  treble  its  size  when  dry.    In 
all  such  cases  the  cohesion  of  the  swollen  body  is  much  less  than  that 
of  the  same  body  before  imbibition.     Thus  Reinke  found  that  dried 
Laminaria  absorbed  300  per  cent,  of  water  and  its  ductility  increased 
sixty  times,  while  the  breaking  strain  fell  to  one-tenth  its  value.    Solid 
substances  which  take  up  water  in  visible  pores  without  swelling  undergo 
no  change  in  cohesion.    Thus  a  dried  brick  will  absorb  a  good  deal  of 
water  in  its  pores,  but  the  cohesion  of  the  brick  is  not  altered  thereby. 
There  is  probably  no  difference  in  principle  between  the  imbibition  of 
water  in  visible  capillary  pores  and  true  swelling  where  there  are  no 
visible  pores  and  the  imbibition  is  molecular  or  micellar.    The  sole  dif- 
ference is  probably  that  in  the  case  of  imbibition  without  swelling  the 
attraction  between  the  water  and  the  solid  substance  is  not  sufficiently 
great  to  overcome  the  attraction  of  the  molecules  of  solid  for  each  other. 
The  molecules  of  the  solid  cannot  be  separated  by  the  penetrating  water 
and  the  body  does  not  swell.    The  water  is  able  to  displace  the  air  from 
the  capillary  spaces  and  spreads  itself  accordingly  over  all  free  surfaces. 
In  the  case  of  swelling  gelatin,  or  woody  fibers,  or  liquid  crystals,  the 
attraction  between  the  molecules  of  the  substance  and  the  water  mole- 
cules is  greater  than  between  the  molecules  of  the  substance,  so  that 
the  latter  are  separated.     Swelling  of  solid  bodies  in  this  way  passes 
imperceptibly  into  swelling  so  considerable  that  the  solid  becomes  a  liquid 
solution.    Thus  gum  arable  and  peptone  at  first  swell  as  solids  and  then 
dissolve  in  the  water  taken  up.    Katz  has  shown  that  the  processes  of 
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molecular  imbibition  in  solids  are  at  bottom  identical  with  the  taking  up 
of  water  by  glycerol,  sulphuric  acid  or  other  liquids  which  absorb  water 
with  the  liberation  of  heat. 

The  heat  liberated  by  these  swelling  processes  may  be  considerable. 
Katz  found  that  dried  cellulose  liberated  the  following  amounts  of  heat 
ou  swelling.  W  is  the  quantity  of  heat  in  gram  calories  liberated  when 
1  gram  of  the  dried  substance  takes  up  i  grams  of  water.  Formula: 
W=Ai/(B+i). 

Cellulose.    A  =  1 1 .6 ;    B  =  0.030. 


i 

W  deter. 

W  calc. 

A 

0 

0 

0 

0.014 

3.5 

3.7 

—0.2 

0.041 

6.9 

6.7 

—0.2 

0.054 

7.6 

7.5 

—0.1 

0.074 

9.0 

8.3 

—0.7 

0.261 

10.5 

10.4 

—0.1 

Adsorption  by  colloids. — Finely  divided  solids  often  have  the  power 
of  uniting  with  substances  in  solution  so  that  if  the  solid  is  filtered  off 
the  solute  remains  very  largely  in  the  precipitate  of  the  finely  divided 
solid.  Thus  colors  filtered  through  charcoal  or  diatomaceous  earth  often 
remain  in  the  charcoal  or  earth  and  the  solution  is  freed  from  them.  If 
permanganate  solution  is  filtered  through  clean  sand,  it  is  said  that  the 
first  water  which  comes  through  is  almost  colorless.  There  are  many 
other  examples  known  to  chemists,  and  one  of  them  has  already  been 
mentioned:  namely,  the  taking  up  of  color  from  a  solution  of  methyl 
violet  by  gelatin.  This  separation  of  the  solute  from  a  solvent  by  sub- 
stances in  suspension  is  generally  said  to  occur  by  means  of  adsorption. 
By  many  observers  it  is  referred  to  surface  forces  at  the  boundary  of 
liquid  and  solid.  It  is  probable  that  many  of  these  so-called  adsorptions 
are  in  reality  due  to  true  molecular  union  between  the  solid  and  the 
substance  adsorbed.  This  is  the  case,  for  example,  between  the  filter 
paper  and  copper  adsorbed  from  a  solution  of  copper  sulphate.  Prob- 
ably the  majority  of  adsorption  compounds  are  in  reality  chemical  unions. 
They  differ,  however,  from  ordinary  chemical  unions  in  the  fact  that  the 
two  combining  substances  are  not  united  in  definite  proportions,  but  the 
amount  of  substance  which  is  adsorbed  is  more  or  less  proportional  to 
the  amount  of  surface. 

That  surface  forces  may,  abo,  be  responsible  for  some  of  these 
processes  of  adsorption  is,  however,  possible  and  on  the  whole  probable. 
It  was  shown  by  Willard  Gibbs  that  substances  which  lower  surface 
tension  will  accumulate  in  the  surface  film.  That  is,  their  concentration 
will  be  larger  there  than  in  the  liquid  behind.  If  there  is  a  very  large 
amount  of  surface,  it  is  possible  that  quite  a  good  deal  more  substance 
will  be  taken  up  than  by  an  equal  amount  of  pure  solvent  not  in  the 
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surface  form.  Suppose  at  the  boundary  of  liquid  and  more  solid  por- 
tions of  protoplasm  the  surface  tension  might  be  lowered  by  the  passage 
into  the  film  of  some  substance  present  in  the  protoplasm.  In  that  case 
the  distribution  of  the  substance  might  be  altered  by  the  presence  of  the 
film.  It  might  be  more  concentrated  immediately  about  the  granules,  for 
example,  than  in  the  protoplasm  between  the  granules.    It  might  be  said 


Fio.  33. — Distribution  of  potassium  Id  Acineta.  The  black  granules  represent 
potassium  (Macallum).  Maeallum  believes  this  distribution  is  dcterminea  by  surface 
forces. 

to  be  concentrated  by  adsorption.  Some  physiologists  believe  that  this 
principle  of  distribution  of  substances  in  protoplasm  by  means  of  sur- 
face forces  of  adsorption  plays  a  large  part  in  determining  the  distribu- 
tion of  substances  in  cells.  Macallum,  for  example,  has  studied  the 
distribution  of  potassium  in  cells  from  this  point  of  view.  He  has  con- 
cluded that  probably  surface  tension  forces  do  determine  the  distribu- 
tion of  potassium  in  Acineta.  The  curious  distribution  of  potassium  in 
these  cells  is  shown  in  Figure  33.  It  is  extremely  difficult  to  be  sure 
in  these  cases  that  the  substance  is  really  distributed  by  surface  forces 
rather  than  by  the  operation  of  the  usual  chemical  means  of  forming 
insoluble  precipitates.  To  what  extent  adsorption,  as  distinct  from  ordi- 
nary chemical  unions,  determines  the  taking  up  of  substances  by  living 
matter  must  be  left  open  for  the  present.  There  can  be  little  doubt, 
however,  that  many  so-called  adsorption  phenomena  are  in  reality  noth- 
ing more  than  chemical  unions.    As  the  tension  of  water  in  contact  with 
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a  solid  cannot  be  measured,  it  is  impossible  1:0  say  whether  any  substance 
raises  or  lowers  this  tension  and,  hence,  whether  the  accumulation  is  due 
to  its  lowering  tension,  or  because  it  unites  chemically  with  the  particle. 
For  potassium  to  accumulate  in  the  surface  in  the  way  mentioned  above, 
it  is  necessary  to  suppose  that  it  unites  with  the  substance  which  the 
liquid  bathes  and  so  reduces  the  tension  by  increasing  the  attraction 
across  the  surface;  or  else  that  it  is  present  in  union  with  some  sub- 
stance which  reduces  the  tension  and  so  accumulates  in  the  surface. 

Brownian  movement. — The  fine  particles  of  a  suspensoid  or  emulsoid . 
colloid  when  they  are  large  enough  may  be  seen  to  be  in  a  state  of 
violent  agitation.  The  particles  dance  about  a  fixed  point,  first  in  one 
direction  and  then  in  another.  This  movement  was  studied  by  Robert 
Brown  in  1828  and  has  since  been  known  as  the  Brownian  movement. 
The  vigor  of  the  movement  increases  with  the  temperature  and  with  the 
smallness  of  the  particles.  It  has  been  variously  explained,  but  it  is  now 
ascribed  to  the  bombardment  of  the  particles  by  the  molecules  of  liquid 
in  which  they  are  immersed.  It  represents  the  true  dance  of  the  mole- 
cules. By  this  bombardment  they  are  knocked  first  in  one  direction  and 
then  in  another.  In  protoplasm  the  particles  are  not  generally  in 
Brownian  movement,  but  when  the  protoplasm  liquefies  the  movement 
begins  at  once.  It  would  appear  from  this  that  the- protoplasm  of  many 
cells  at  any  rate  is  rather  in  a  gel  than  a  sol  state. 

Osmotic  pressure  of  colloidal  solutions. — As  is  to  be  anticipated, 
colloidal  solutions  possess  osmbtic  pressure.  They  must  do  so  if  they  have 
any  affinity  for  water.  The  colloidal  particles  are,  however,  so  large 
that  their  number  is  very  small  even  in  fairly  concentrated  solutions 
when  compared  with  the  number  of  particles  of  a  non-colloidal  substance 
in  a  similar  concentration.  Indeed,  the  freezing-point  method,  or  the 
boiling-point  method  of  determining  osmotic  pressure,  which  depends  on 
the  vapor  tension  of  the  solution,  is  not  sufficiently  precise  to  measure  the 
osmotic  pressure  accurately,  and  indeed  for  some  time  it  was  doubted 
whether  colloids  really  exerted  an  osmotic  pressure.  By  directly  measur- 
ing this  pressure  in  an  osmometer,  however,  there  is  no  doubt  of  its  exist- 
ence. The  osmotic  pressure  of  hemoglobin,  a  colloid,  is  given  on  page 
142.  Since  osmotic  pressure  is  but  the  expression  of  the  affinity  of  par- 
ticles and  water,  it  is  immaterial  whether  the  particles  are  in  a  solid  state 
or  in  solution.  The  swelling  pressure  of  gelatin  in  water  is  but  the 
expression  of  its  osmotic  pressure.  The  protoplasmic  colloids,  whether 
gel  or  sol,  have  then  an  osmotic  pressure,  but  it  is  customary  to  call  it 
osmotic  pressure  only  when  the  colloid  particles  are  in  solution. 

It  is  rather  interesting  to  consider  the  number  of  particles  which  are 
necessary  to  produce  a  given  osmotic  pressure.  Suppose  a  gram  of  a 
pure  crystalline  protein  is  dissolved  in  100  c.c.  of  solution.    The  osmotic 
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pressure  is  measured  and  found  to  be  76  mm.  of  mercury.  What  is  the 
molecular  weight  of  the  protein  and  what  is  the  number  of  particles  in  this 
solution  ?  The  number  of  molecules  in  a  gram  mol.  of  any  substance  has 
been  measured  in  various  ways  and  found  to  be  6.06X10^*-  A  gram  mol. 
of  glucose  in  a  liter  of  solution  has  a  theoretical  osmotic  pressure  of  22.4 
atmospheres  at  0"  C.  In  each  cubic  centimeter  there  must  be  6.06X10^° 
molecules.  The  solution  just  mentioned  had  an  osmotic  pressure  of  76  mm. 
Hg,  that  is  1/lOth  of  an  atmosphere.  It  must  contain  in  a  c.c.  6.06 X 
10'V22.4  particles  or  2.7X10'*.  Since  the  solution  contained  0.01  gr. 
in  a  c.c,  the  weight  of  each  molecule  is  easily  calculated.  A  gram  mol. 
per  liter  gives  a  calculated  but  not  an  actual  osmotic  pressure  of  22.4 
atmospheres.  The  actual  osmotic  pressure  is  more  than  this  (p.  200). 
This  solution  containing  10  grams  per  liter  gives  an  osmotic  pressure 
l/224th  of  that  of  a  gram  mol.  Hence  10  is  l/224th  of  the  molecular 
weight,  and  the  molecular  weight  would  be  2240.  It  may  be  seen  from 
this  that  an  almost  inconceivably  great  number  of  molecules  may  be 
present  in  a  solution  and  yet  exert  a  very  small  osmotic  pressure. 

The  electrical  phenomena  of  protoplasm. — Every  activity  of  living 
matter,  whether  it  is  an  act  of  secretion,  a  muscle  contraction  such  as 
the  rhythmic  contraction  of  the  heart,  or  a  nerve  impulse,  is  accom- 
panied by  an  electrical  disturbance  in  the  protoplasm.  This  electrical 
disturbance  may  be  detected  by  connecting  two  points  in  the  tissue 
which  are  not  equally  active  with  the  electrodes  coming  from  an  elec- 
trometer or  galvanometer.  In  some  cases,  as  for  example  the  electrical 
eels,  Gymnotus  or  Malopterurus,  or  the  electrical  fishes,  such  as  the 
Torpedo,  the  electrical  disturbance  may  be  so  heavy  as  to  produce  a 
strong  shock  to  animals  touching  or  being  in  the  neighborhood  of  the 
discharging  animal,  and  the  discharge  is  of  use  in  stunning  enemies  or 
prey.  Every  living  cell  is,  therefore,  a  battery  and  the  study  of  proto- 
plasm as  an  electrical  machine  may  help  elucidate  its  vital  properties. 

For  the  detection  of  these  electrical  currents  non-polarizable  elec- 
trodes should  be  used.  These  are  made  usually  by  immersing  a  zinc  wire 
or  zinc  electrode  in  a  strong  solution  of  zinc  sulphate,  the  zinc  sulphate 
is  kept  from  the  tissue  by  interposing  between  the  sulphate  solution  and 
the  tissue  a  solution  of  inert  saline,  that  is  N/6  NaCl  solution ;  a  string 
from  this  solution  connects  with  the  tissue.  Current  passing  in  either 
direction  through  these  electrodes  does  not  produce  any  opposing  electro- 
motive force.  For  the  detection  of  the  current  various  devices  are  used, 
such  as  the  oscillograph,  the  thread  galvanometer  or  the  capillary 
electrometer,  for  the  operation  of  which  special  memoirs  may  be 
consulted. 

By  the  means  just  mentioned  it  is  found  that  the  part  of  protoplasm 
or  tissue  which  is  active  is  always  electro-negative  to  the  part  which  is 
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more  at  rest.  Every  excitation  of  the  protoplasm  causes  a  momentary 
negativity  in  the  part  excited  so  that  a  momentary  current  flows  through 
the  galvanometer  from  the  less  active  to  the  more  active  part ;  and  within 
the  tissue  the  current  is  completed  by  the  current  flowing  from  the  more 
active  to  the  less  active  part  of  the  protoplasm.  This  momentary  electric 
discharge  is  called  the  current  of  action,  or  the  negative  variation,  or 
by  Waller  the  ' '  blaze  ' '  current.  Waller  called  it  a  blaze  current  to 
indicate  that  it  is  as  if,  following  the  stimulation,  the  protoplasm  sud- 
denly blazed  up  in  a  conflagration.  It  is  usually  of  very  short  duration, 
but  if  the  difference  of  activity  is  constant  the  electrical  difference  is  also 
constant. 

The  cause  of  the  electrical  phenomena. — The  mechanism  of  the  pro- 
duction of  this  current  of  action,  or  of  the  blaze  current,  is  still  unknown. 
Three  or  four  more  or  less  probable  suggestions  have  been  made  to 
explain  it.  The  first,  and  in  many  ways  the  most  important  of  these 
suggestions,  is  that  of  DuBois-Reymond,  that  protoplasm  is  composed  of 
polarized  electro-motive  molecules  being  electro-negative  at  the  ends  and 
positive  in  the  center.  The  current  is  produced  by  the  rotation  of  these 
molecules.  If  cohesion  is  of  a  magnetic  nature,  as  appears  probable,  it  is 
not  unlikely  that  such  magnetically  polarized  molecules  really  exist  in 
living  matter. 

The  second  view  is  that  of  the  polarizable  membrane.  It  is  supposed 
that  protoplasm  has  in  it  membranes  which  are  permeable  for  cations 
but  not  for  anions  and  so  generates  an  electro-motive  force  at  the  boun- 
daries. Excitation  lets  the  anions  out,  too,  and  so  produces  an  electrical 
disturbance. 

The  third  is  that  the  current  is  caused  by  a  change  in  the  surface 
of  contact  between  colloids  and  water,  as  it  is  in  the  capillary 
electrometer  between  mercury  and  acid. 

The  fourth  view  is  that  it  is  caused  by  the  production  of  acids  set- 
ting free  hydrogen  ions,  making  a  concentration  chain  effect. 

The  fifth  view  is  that  it  is  produced  by  oxidation  and  reduction,  that 
it  is  a  burning  with  the  energy  set  free  as  electrical  energy  rather  than 
heat,  as  it  is  in  a  battery. 

It  is  impossible  at  present  to  decide  which  of  these  theories  is  correct, 
or  whether  any  one  is  correct. 

The  reaction  of  protoplasm  and  the  preservation  of  neutrality. — So 
far  there  has  been  considered  the  physical  chemistry  of  the  structure  of 
living  matter,  its  properties  which  are  due  to  its  colloids  and  the  surface 
tension  (and  electrical  properties) ;  those  properties^  in  other  words, 
have  been  considered  which  have  to  do  with  the  machinery  of  protoplasm. 
We  shall  now  take  up  briefly  the  physical  chemistry  of  some  of  the  fun- 
damprtal  chemical  properties  of  the  cell,  dynamical  physical  chemistry 
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in  other  words.  One  of  the  simplest  and  most  important  of  these  chem- 
ical properties  is  the  reaction,  whether  alkaline  or  acid,  of  the  protoplasm 
and  the  methods  used  to  preserve  neutrality. 

Whether  the  reaction  is  acid,  alkaline  or  neutral  may  be  determined 
with  greater  or  less  certainty  in  a  variety  of  ways,  all  of  which  show 
that  protoplasm  is  generally  very  faintly  alkaline  in  reaction,  but  that 
it  becomes  acid  after  death  and  when  it  works  in  a  medium  with  too 
little  oxygen.  The  reaction  of  living  matter  may  be  determined  by  the 
use  of  indicators  and  in  various  indirect  ways.  Many  stains  are  good 
indicators :  that  is,  they  have  a  strong  color  change  when  they  pass  from 
an  alkaline  to  an  acid  reaction.  Such  a  stain  is  neutral  red,  which  is  a 
deep  orange  red  in  an  alkaline  reaction  and  a  pink  in  an  acid.  Neutral 
red  penetrates  nearly  all  cells  with  ease  and  stains  the  granules  in  the 
cells  and  sometimes  other  structures.  It  always  takes  the  color  it  has 
in  an  alkaline  reaction;  moreover,  it  is  found  that  when  protoplasm  is 
made  acid  it  no  longer  stains  with  neutral  red.  Another  stain  is 
cyanamine,  which  has  been  introduced  by  Bensley  and  Harvey.  This 
stain  is  red  in  an  alkaline  solution  and  blue  in  an  acid  solution.  It  is 
found  that  it  stains  cells  or  parts  of  cells  red.  Other  stains  may  also  be 
used.  Thus  acid  fuchsin  will  not  stain  protoplasm  as  long  as  it  is  alka- 
line, but  as  soon  as  it  is  acid  it  takes  up  the  stain.  By  this  means  it 
is  found  that  if  acid  fuchsin  is  injected  into  a  frog  and  then  the  blood 
vessel  to  one  leg  is  ligated  while  that  to  the  other  leg  is  intact,  and  then 
if  the  muscle  of  the  ligated  side  is  made  to  contract,  that  muscle  wiU  be 
found,  on  taking  off  the  skin,  to  be  a  bright  red,  while  the  other  has 
scarcely  a  tint  of  red.  This  proves  that  acid  is  formed  in  muscle  during 
contraction  and  accumulates  there,  if  there  is  not  a  supply  of  oxygen. 
Ordinarily  the  protoplasm  is  neutral  or  alkaline,  since  it  does  not  stain. 
The  same  experiment  has  been  tried  with  the  electrical  organ  of  the 
Torpedo  and  with  other  tissues  and  the  same  facts  found  for  the  differ- 
ence between  the  reaction  of  active  and  passive  protoplasm.  Miss  Green- 
wood fed  various  stains  to  Stentor,  Paramoecia  and  other  protozoa  and 
found  the  reaction  of  the  protoplasm  to  be  alkaline  to  litmus  and  the  eon- 
tractile  and  digestive  vacuoles  to  be  acid. 

There  are  several  difBculties  in  this  use  of  stains  for  the  determina- 
tion of  reaction.  The  first  is  that  the  stain  may  itself  be  poisonous  and 
by  killing  the  cell  bring  about  the  production  of  acid,  since  dead  proto- 
plasm is  generally  acid  in  reaction.  Another  difficulty  is  that  only  those 
stains  will  aecamulate  in  protoplasm  which  combine  with  some  element 
in  the  cell.  Not  all  stains  penetrate  easily.  Moreover,  the  cell  is  strongly 
reducing  so  that  many  stains,  like  methylene  blue,  are  reduced  to  a  color- 
less substance  as  long  as  the  cell  is  alive ;  the  color  can  only  be  seen  in 
those  parts  of  the  cell  where  the  reducing  or  oxidizing  powers  are  least ; 
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where,  in  other  words,  the  vitality  of  the  cell  is  least.  But  the  most 
serious  difficulty,  and  one  which  is  usually  overlooked  by  cytologists, 
is  that  the  stain  is  not,  properly  speaking,  a  reagent  for  acids  and  alka- 
lies at  all,  when  used  in  a  heterogeneous  system  like  the  cell.  In  all  eases 
the  difference  of  color  shown  by  the  stain  is  between  the  color  of  the  salt 
and  the  free  base  or  acid.  Now,  let  us  suppose  that  there  are  in  proto- 
plasm substances,  electro-negative  colloids,  which  will  form  insoluble 
salts  with  neutral  red.  If  these  colloids  do  not  change  their  sign  with  a 
slight  acidity,  but  remain  electro-negative,  they  will  form  a  true  salt 
with  the  stain  and  give  the  reaction  of  the  salt,  as  if  the  reaction  were 
acid,  even  though  the  reaction,  is  neutral  or  faintly  alkaline.  The  same 
is  true  of  any  acid  stain.  If  there  are  electro-positive  colloids  anywhere 
in  the  cell,  these  will  react  with  the  acid  dyes,  forming  a  true  salt  and 
giving  the  salt  color,  which  in  a  true  solution  would  be  held  to  be  the 
sign  of  an  acid.  For  example,  silk  exposed  to  acid,  but  thereafter  thor- 
oughly washed  so  that  it  is  not  acid  in  reaction,  will  stain  a  brilliant 
red  in  acid  fuchsin.  Stains  can  be  used,  then,  for  the  detection  of  the 
acidity  of  protoplasm  only  with  the  greatest  caution,  but  nevertheless 
the  evidence,  as  far  as  it  goes,  is  to  the  effect  that  the  protoplasm  is 
usually  very  faintly  alkaline. 

Another  method  of  determining  the  alkalinity  of  protoplasm  is  to 
study  the  alkalinity  of  the  liquid  in  which  the  cells  live.  It  is  not  likely 
that  a  cell  will  have  a  reaction  very  different  from  the  medium  in  which 
it  lives,  although  this  is  at  times  possible.  The  blood  may  be  regarded 
as  a  living  tissue.  The  reaction  of  the  blood  plasma  and  the  lymph  of 
mammals  and  vertebrates  generally  is,  like  that  of  the  sea-water,  very 
weakly  alkaline.  The  blood  is  alkaline  to  litmus,  but  acid  to  phenol- 
phthalein.  The  exact  reaction  of  the  blood  may  be  determined  by  the 
methods  given  in  Chapter  XII.  By  these  methods  it  is  found  that  the 
plasma  has  a  concentration  of  hydroxyl  ions  of  about  7X10"'^  N. 

Changes  produced  by  a  change  in  reaction  in  the  cell.  The  physical 
and  chemical  changes  which  ensue  in  protoplasm  when  its  reaction  is 
rendered  less  alkaline,  or  more  acid,  are  extremely  important  and  pro- 
found. The  first  effect  of  the  production  of  acid  in  the  cell  is  seen  in 
a  reduction  in  the  rate  of  oxidation.  The  respiratory  oxidation  of  the 
cell  is  wonderfully  affected  by  a  rise  or  fall  of  acidity.  By  an  increase 
in  acidity  it  is  checked ;  by  a  decrease  in  acidity  it  is  greatly  stimulated. 
It  is  always  found  that  the  appearance  of  acid,  or  any  reduction  of  alka- 
linity, is  accompanied  by  a  failure  to  oxidize  certain  cell  products  which 
under  normal  circumstances  are  oxidized.  Thus  acidity  in  the  mammal 
is  always  accompanied  by  the  appearance  of  acetone  bodies  in  the  urine 
which  may  disappear  at  once,  if  alkalies,  such  as  sodium  bicarbonate,  are 
given.    A  second  important  change  is  the  appearance  in  the  cell  of  auto- 
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lytic  enzymes  of  various  kinds,  both  proteolytic  and  carbohydrate  split- 
ting enzymes.  Invertin,  amylase  and  other  digestive  and  deamidizing 
enzymes  are  set  free-  The  appearance  of  these  enzymes  is  in  the  nature 
of  an  adaptive  change,  the  cell  by  means  of  them  seeking  to  recover  its 
metabolic  balance.  By  means  of  the  carbohydrate  enzymes  it  obtains 
glucose  and  levulose  from  glycogen  or  cane  sugar,  or  other  carbo-. 
hydrate  reserves,  and  by  these  it  is  able  to  carry  on  its  oxidations 
and  respiration  under  conditions  of  lack  of  oxygen  and  acidosis  which 
it  cannot  otherwise  withstand.  Thus  in  the  liver  any  acidosis  is  at 
once  accompanied  by  the  transformation  of  some  glycogen  into  glucose 
for  the  protection  of  the  respiration  of  the  liver.  The  proteolytic 
enzymes  attack  the  proteins  of  the  cell,  setting  free,  ammonia  from  them 
by  means  of  which  the  cell  acids  are  neutralized.  Thus  every  acidosis 
in  the  body  is  at  once  accompanied  by  the  increase  of  proteolysis  in  the 
cells  and  the  appearance  of  ammonia,  so  that  by  many  physiologists 
the  appearance  of  more  ammonia  in  the  urine  is  regarded  as  charac- 
teristic of  acidosis.  The  autolytic  digestion  of  proteins  is  distinguished 
from  the  digestion  by  the  digestive  ferments  of  the  alimentary  tract 
by  the  production  of  vastly  more  ammonia  in  the  former  process. 

A  third  marked  change  produced  by  the  action  of  acids  in  cells  is 
a  slowing  down  of  all  the  activities  of  the  cell.  This  is  caused  by  the 
period  of  recovery  from  activity  becoming  much  prolonged:  that  is, 
fatigue  comes  on  much  sooner  when  there  is  a  reduced  alkalinity.  It 
is  for  this  reason  that  athletes  are  able  to  withstand  fatigue  longer  if 
they  load  the  blood  with  oxygen  first.  By  the  action  of  the  muscles  in 
exercise  lactic  acid  is  produced,  this  is  at  once  oxidized,  or  otherwise 
removed,  if  plenty  of  oxygen  is  present,  but  it  accumulates  and  produces 
fatigue  if  too  little  oxygen  is  present ;  and  by  its  accumulation  it  checks 
oxidation,  having  thus  an  autocatalytic  action. 

Another  physical  change  produced  by  the  accumulation  of  acid  in 
cells  in  small  amounts  is  an  accumulation  of  water  in  the  cells  and 
oedema.  The  colloids  of  protoplasm  take  up  more  water  in  the  presence 
of  acid ;  this  may  interfere  with  the  circulation  in  the  case  of  those  organs 
which,  like  the  kidneys,  are  inclosed  in  a  tough  inelastic  capsule.  A 
vicious  cycle  is  thus  inaugurated,  acid  causing  swelling,  the  swelling 
checking  the  blood  and  oxygen  supply,  thus  increasing  the  production  of 
acid  and  increasing  swelling.  In  many  cases  the  ingestion  of  alkalies 
in  such  conditions  produces  a  sudden  and  marvelous  improvement. 

Regulation  of  the  reaction  of  protoplasm.  With  such  grave  conse- 
quences following  from  any  permanent  derangement  of  its  reaction,  it 
is  not  surprising  that  cells  have  various  methods  of  preserving  that  reac- 
tion most  suitable  to  their  activities.  The  means  employed  are  in  part 
organic  and  in  part  inorganic.    The  organic  consist  in  the  setting  free 
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of  the  autolytic  enzymes  already  mentioned  by  means  of  which  ammonia, 
for  the  neutralization  of  the  acid  is  set  free,  and  glucose,  to  enable  the 
cell  to  survive  the  period  of  depressed  oxidation  caused  by  the  acid. 
There  is  in  addition  the  power  of  the  protein  constituents  of  the  cell  to 
combine  with  acid,  thus  neutralizing  it.  We  have,  also,  in  many  cells 
another  mechanism  which  may  also  be  brought  into  relation  with  this 
process,  but  which  is  usually  held  in  abeyance  as  long  as  carbohydrate 
food  is  present ;  this  is  the  mechanism  of  the  carboxylase.  On  the  diges- 
tion of  the  proteins  amino-acids  are  set  free.  By  means  of  these  the  acids 
are  in  part  neutralized  by  the  formation  of  salts,  just  as  by  the  ammonia, 
but  by  the  action  of  the  carboxylases  the  oarboxyl  group  of  the  amino- 
acid  is  split  off  according  to  the  following  equation, 

CH  .CHNH  .COOH  ►      CH  .CH  NH  +  CO 

3  2  8  2  2     '  2 

Ethyl  amine, 
and  a  base  is  left  with  much  greater  acid-combining  powers  than  the 
amino-acid  itself.  These  amines  play,  also,  in  the  mammalian  organism 
another  important  role,  since  some  of  them  are  strong  stimulants  of 
the  heart  or  vaso-dilators,  thus  increasing  the  circulation  through  the 
parts  and  hastening  the  removal  of  the  acid. 

In  the  simpler  organisms,  but  also  playing  an  important  part  in  the 
higher,  are  the  inorganic  safeguards  against  acidosis.  These  are  pri- 
marily the  carbonates  and  phosphates.  There  are  considerable  amounts 
of  both  these  salts  in  all  protoplasm  and  they  have  this  very  important 
function  among  others.  They  act  as  buffers,  in  that  they  can  take  up  a 
good  deal  of  acid  with  a  very  slight  change  in  acidity.  Sodium  acetate 
has  a  similar  power.  They  owe  these  powers  to  the  fact  that  both  car- 
bonic acid  and  phosphoric  acid  are  very  weak  acids,  so  that  when  acids 
such  as  lactic,  or  oxybutyric,  or  almost  any  other  acid,  are  produced  in 
the  cell,  the  acid  so  formed  at  once  takes  the  base  away  from  the  car- 
bonate, making  bicarbonate,  which  is  scarcely  at  all  acid.  If  still  more 
acid  is  formed,  carbon  dioxide  is  set  free,  which  is  a  very  weak  acid  and 
which  escapes  from  the  cell  with  the  greatest  ease.  The  phosphates,  also, 
play  a  part,  although  they  are  held  rather  in  reserve,  as  phosphoric  acid 
is  stronger  than  carbonic.  There  is  in  the  cell  a  mixture  of  disodium 
hydrogen  phosphate  and  dihydrogen  sodium  phosphate.  The  acid  pro- 
duced is  neutralized  by  the  base  taken  from  the  former.  The  former  is 
alkaline,  the  latter  slightly  acid  in  reaction.  HgNaPOi  ionizes  very 
little  into  H  and  HNaPO^,  so  that  the  number  of  hydrogen  ions  is  only 
very  slightly  increased.  Moreover,  there  are  some  NaHP04  ions  from  the 
Na2HP04  which  still  further  check  the  ionization.  The  equilibrium  of 
this  reaction  has  been  studied  by  Henderson. 

To  sum  up,  then,  the  production  of  acid  in  cells :  The  immediate  effect 
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of  this  acid  is  to  cause  the  protein  gel  to  absorb  water  at  the  point  of 
formation  of  the  acid  and  to  become  more  fluid.  Possibly  the  liquefac- 
tion of  the  protoplasm  of  the  amoeba  at  certain  regions  has  this  cause. 
In  other  cases,  as  possibly  in  fertilization,  gelation  may  result.  The 
activities  of  protoplasm  are  almost  certainly  due  to  this  action,  in  part 
at  any  rate.  This  acid,  if  it  is  not  oxidized,  accumulates.  It  checks  oxi- 
dation. It  is  in  part  neutralized  by  the  following  reactions,  which  are 
written  for  lactic  acid,  CaHgOs : 

I.  C  H  0   4-  Na  HPO NaC  H  0   +  NaH  PC 

II.  C  H  0   +  Na  CO    ►  NaC  H  0„  +  NaHC0„ 

3631^23  368^^  8 

III.  C  H  0   +  ProteinNa  7-^  HProtein  +  NaC  H  0 

il.     Protein  -)-  Protease ^  Amino-acids  -f-  Protease 
2.     C  H  O   +  Amino-acid Amino-acid  C  H  O 
3     6     8^^  383 

„     i  1.     Amino-acid  -|-  Deamidase "  NH   -J-  Oxyacid  -\-  Deamidase 

■  )  2.     NH   -f  C  li  0 NH  C  H  0 

(  S~36S  4363  ,, 

yy    J  1.     Amino-acid  -|-  Carboxylase  ^  Amine  -J-  CO   +  Carboxylase 

■  1  2.     C  H  0   -I-  Amine Amine  C  H  O 

<•  363!^  863 

Catalysis. — The  mechanism  of  protoplasm  certainly  involves  the 
passage  of  water  into  and  out  of  the  cell  or  of  the  cell  elements.  This 
movement  of  water  back  and  forth  is  in  its  turn  probably  to  be  ascribed 
to  a  varying  aifinity  of  the  protoplasmic  colloids,  whether  protein,  carbo- 
liydrate  or  lipin,  for  water  and  in  part  to  the  varying  osmotic  pressure 
of  the  cell  contents.  It  has  been  suggested,  and  the  evidence  is  on  the 
whole  favorable  to  the  view,  that  this  varying  affinity  of  the  colloids  for 
water  is  due  in  large  measure  to  the  varying  reaction  of  the  protoplasm, 
often  a  variation  of  a  strictly  local  nature,  due  to  the  production  of  acid 
in  the  course  of  the  cell  metabolism.  This  consideration  led  to  the  discus- 
sion of  those  chemical  processes  by  which  acid  is  produced  and  got  rid  of 
and  by  which  the  colloids  of  the  cell  are  made  and  broken  down.  These 
chemical  changes  are  the  source  of  the  energy  which  moves  the  water 
and  animates  the  machine.  While  these  chemical  processes  are  very 
diverse  in  their  nature  and  may  be  considered  in  each  tissue  in  turn, 
they  are  all  alike  in  that  they  proceed  at  a  rate  much  superior  to  that 
at  which  they  go  on  outside  of  the  cell  when  under  similar  conditions 
of  temperature.  This  superior  rate  of  reactions  in  protoplasm  is  due  to 
the  fact  that  "these  reactions  are  hastened  or  catalyzed,  and  it  is  this 
process  which  we  have  now  to  examine. 

The  word  catalysis  is  from  the  Greek  kata,  meaning  down,  and  lysis, 
to  loosen.  Literally  a  down  loosening,  it  has  come  to  mean  the  hastening 
of  a  chemical  reaction  by  a  third  substance,  the  catalyst,  which  emerges 
at  the  end  of  the  reaction  unchanged  in  amount,  or  nearly  unchanged, 
since  all  substances  are  more  or  less  unstable,  and  which  accordingly  has 
appeared  to  act  only  by  means  of  its  presence.  But  while  it  appears  to 
have  acted  by  its  presence  only,  there  is  no  doubt  that  in  many,  if  not 
in  all  cases,  it  has  actually  entered  into  the  reaction  at  some  stage  or 
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other,  but  has  become  free  again.  There  are  a  great  number  of  reactions 
of  this  kind  known  outside  of  cells.  For  example,  hydrogen  and  oxygen 
gas  do  not  combine  at  a  measurable  speed  at  ordinary  temperatures, 
although  they  will  combine  at  higher  temperatures.  It  is,  however,  to  be 
inferred  that  they  do  unite  at  ordinary  temperature,  but  at  so  slow  a 
rate  that  it  is  not  measurable  in  the  times  so  far  studied.  But  if  this 
mixture  of  gases  is  passed  over  finely  divided  platinum,  union  takes  place 
and  at  a  rate  so  great  that  it  heats  the  platinum.  In  this  ease  the  platinum 
is  the  catalyst."  Another  example  of  a  catalytic  reaction  is  the  union  of 
sulphur  dioxide  and  oxygen  to  sulphuric  acid  in  the  lead  chamber  process 
of  sulphuric  acid  manufacture.  The  presence  of  nitric  trioxide,  NjOg, 
hastens  this  reaction,  the  nitric  trioxide  appearing  at  the  end  in 
unchanged  amount.'  Water  is  one  of  the  most  important  catalytic  agents 
known.  Thus  perfectly  dry  ammonia,  NH.,  and  HCl  will  not  unite  with 
measurable  speed,  nor  will  ammonium  chloride  dissociate  into  NH3  and 
HCl  in  the  absence  of  water.  The  presence  of  a  very  minute  amount  of 
water  catalyzes,  or  hastens  both  reactions.  Water  is  necessary  for  the 
rusting  of  iron,  or  for  the  union  of  chlorine  and  hydrogen.  In  fact, 
an  enormous  number  of  reactions  are  catalyzed  by  water. 

To  understand  how  catalytic  agents  may  hasten  reactions,  we  must 
first  consider  the  factors  which  determine  the  velocity  of  ordinary 
reactions. 

The  velocity  of  a  chemical  reaction  is  directly  proportional  to  the 
chemical  affinity,  and  inversely  proportional  to  the  chemical  resistance. 
There  is  as  yet  no  good  means  of  measuring  chemical  affinity.  It  involves 
two  factors,  mass  and  attraction.  Chemical  reactions  take  place  in  the 
direction  of  doing  the  maximum  of  external  work.  This  is  simply  another 
way  of  saying  that  the  reaction  is  always  in  such  a  direction  that  the 
total  potential  energy  of  the  system  reacting  is  reduced  to  a  minimum: 
in  other  words,  the  reaction  as  a  whole,  but  not  necessarily  in  all  its  parts, 
always  goes  in  the  direction  of  greater  stability  under  the  conditions  of 
the  reaction.  By  the  velocity  of  a  chemical  reaction  is  meant  the  amount 
of  substance  transformed  divided  by  the  time.  If  a  gram  of  cane  sugar 
is  inverted  in  an  hour,  the  velocity  of  fhe  reaction  is  l/60th  of  a  gram 
a  minute.  The  time  required  for  any  chemical  transformation  is  evi- 
dently the  sum  of  two  periods,  namely,  the  time  required  for  the  two 
or  more  reacting  molecules  to  come  into  contact,  since  chemical  actions 
only  take  place  between  molecules  in  contact  or  more  probably  they  only 
take  place  when  they  are  united,  that  is  they  only  occur  within  molecules. 
It  is  necessary,  then,  in  order  that  the  reaction  shall  take  place,  for  the 
reacting  species  of  molecules  to  come  into  contact  and  unite  into  a  single 
molecule.  The  second  period  of  the  total  time  taken  is  for  the  molecu- 
lar rearrangement  to  take  place  which  constitutes  the  reaction. 
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These  two  periods  of  time  may  be  illustrated  by  the  reaction  by  which 
sulphuric  acid  is  made  in  the  lead  chamber  process.  The  first  part  of 
the  reaction  consists  in  the  time  necessary  for  the  formation  of  the  inter- 
mediate compound,  nitrosyl-sulphuric  acid,  and  the  second  period  the 
time  required  for  the  decomposition  of  this  compound: 

1.  2S0  +  H^O  +  20  +  Nj,Oj 2  ( SOjj.OH.NOjj ) 

2.  2  ( s6^.0H.N0^ )  +  H^O ►  2H^S0^  +  N  O^ 

Now  the  first  part  of  the  time,  i.e.,  that  required  for  the  molecules 
to  meet,  will  be  the  shorter  the  more  molecules  there  are  in  the  space 
in  which  they  are  confined;  and  evidently  the  speed  of  the  reaction  will 
be  proportional  to  the  number  of  molecules  of  each  reacting  species  in 
the  space,  or  in  other  words  to  the  concentration  of  each  of  the  reacting 
species.  This  general  law  of  chemical  reactions  by  which  the  velocity 
is  proportional  to  the  concentration  is  known  as  the  law  of  mass  action 
and  is  sometimes  called  the  law  of  Guldberg  and  Waage.  It  may  be  put 
in  the  form  of  an  equation  as  follows: 

Amt.  Transformed 

Velocity  =  V  = =  K  C^    x  C^ 

Time 

K  being  the  constant  of  proportion  and  C^  and  C,,  being  the  concen- 
trations respectively  of  the  two  kinds  of  reacting  molecules  a  and  h. 
Since  in  the  absence  of  any  special  means  of  keeping  the  concentration 
constant  C^  and  G^  must  of  course  diminish  as  the  molecular  species 
a  and  h  are  used  up  in  the  reaction,  it  is  obvious  that  the  velocity  of  such 
a  reaction  is  not  constant  but  must  diminish  with  the  time.  If,  how- 
ever, a  very  minute  interval  of  time  was  taken,  the  velocity  would  remain 
approximately  constant  during  that  time  interval.  If  dx  is  a  very  minute 
amount  of  substance  transformed  in  the  very  minute  time,  dt,  then  the 
velocity  at  any  instant,  t,  will  be  dx/dt  and  this  will  be  proportional  to 
the  amount  of  substance  actually  present,  and  this  will  be  equal  to  the 
amount  A  at  the  start  of  the  reaction  minus  the  amount  x  transformed 
during  the  period,  t,  or  dx/dt=K(A — x) ;  this  is  the  differential  equa- 
tion of  the  velocity  of  a  reaction  in  which  only  a  single  molecular 
species  A  is  undergoing  a  change  in  concentration.  It  applies,  for 
example,  to  the  hydrolysis  of  cane  sugar,  the  water,  which  is  the  other 
molecular  species  entering  the  reaction,  not  materially  changing  its  con- 
centration, being  present  in  great  excess.  Since  dx  and  dt  are  too  minute 
for  direct  measurement,  it  is  necessary  to  add  a  great  number  of  these 
together  to  get  a  time  interval  and  an  amount  of  x  which  can  be  meas- 
ured. This  addition  is  the  process  of  integration ;  and  if  the  foregoing 
equation  be  integrated,  or  added,  there  is  obtained  the  velocity  equation 
LogA  — Log(A  — X)  =Kt}  or  Log(A/(A— x))  =Kt 
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t  being  the  time  from  the  beginning  of  the  reaction,  A  the  concentration 
of  the  substance  at  the  start  and  A — x  the  concentration  at  the  end  of 
the  interval  t. 

Temperature  coefficient.  The  velocity  of  this  part  of  the  reaction, 
namely  the  time  required  for  collision  of  the  reacting  molecules,  is  not 
only  a  function  of  the  concentration  of  the  molecules,  but  also,  very 
naturally,  it  is  a  function  of  the  speed  of  their  movement ;  the  velocity 
of  the  reaction,  or  rather  of  this  part  of  it,  must  hence  increase  with 
the  temperature.  Most  chemical  reactions  increase  in  speed  with  the 
temperature,  however,  at  a  very  much  greater  rate  than  can  be 
accounted  for  by  the  increase  of  velocity  of  the  molecules.  For  most 
chemical  reactions  at  temperatures  of  from  10-40°  C.  the  rate  of  the 
reaction  doubles  or  trebles  with  a  rise  in  temperature  of  10°,  but  the 
rate  of  increase  is  not  constant,  being  greater  than  twice  or  thrice  at 
lower  temperatures  and  less  at  higher.  If  only  the  velocity  of  the 
molecular  movement  was  concerned  in  this  increase  in  the  reaction  veloc- 
ity, the  rate  should  increase  uniformly  with  the  temperature.  For 
example,  the  average  kinetic  energy  of  all  molecules  at  20°  C.  (293°  Abs.) 
is  2.015X10-1^X293  ergs,  and  at  30°  it  is  2.015 XlO-^^X 303  ergs.  Since 
the  kinetic  energy,  y2  MV^,  is  proportional  to  the  square  of  the  velocity 
of  movement,  the  velocity  of  the  reaction,-  which  is  proportional  to  the 
speed  of  molecular  movement,  at  30°  should  be  to  that  at  20°  as  the 
square  root  of  303/293  or  1.017.  It  is  evident  from  this  calculation,  as 
the  actual  increase  is  2-3  times  this  amount,  that  chemical  reactions  are 
increased  by  a  rise  of  temperature  in  some  other  way  than  exclusively 
by  the  increase  of  velocity  of  molecular  movement.  This  brings  us  to 
the  second  period  in  a  chemical  reaction :  namely,  the  time  required  for 
the  molecular  rearrangement. 

Chemical  resistance.  If  it  be  admitted  that  rearrangement  only  takes 
place  within  the  molecule,  if  in  other  words  it  is  admitted  that  molecules 
really  interact  only  when  combined,  a  longer  or  shorter  period  of  time 
will  be  necessary  for  the  molecular  rearrangement  to  take  place  by  which 
the  reaction  is  consummated  and  the  new  molecular  species  are  formed. 
Now  this  intramolecular  rearrangement  can  only  spontaneously  occur  in 
the  direction  of  greater  molecular  stability;  that  is,  of  less  potential 
energy.  This  brings  us  to  the  question  of  the  resistance  to  chemical 
reactions.  While  very  little  is  known  about  this,  it  is  not  impossible 
that  it  consists,  in  a  measure  at  any  rate,  in  the  stability  of  the  molecular 
form  of  the  molecule.  The  atoms  are  probably  packed  very  closely 
together  in  a  molecule.  The  resistance  to  movement,  or  the  internal 
molpfular  friction  opposing  the  molecular  rearrangements,  may  be  eitlier 
high  or  low.  but  it  is  often  high.  The  length  of  time  union  bptnccn 
molecular  species  persists  before   rearrangement  takes  place,   ami    the 
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reaction  is  ended,  is  extremely  variable.  In  some  cases  the  time  is  long 
and  the  intermediate  substances  are  hence  so  stable  that  they  may  be 
isolated  in  quantities ;  in  other  cases  the  .resistance  to  rearrangement  is 
so  slight  that  the  reaction  takes  place  almost  instantaneously  and  these 
intermediate  compounds  are  so  unstable  that  they  cannot  be  isolated  and 
often  their  existence  can  only  be  inferred  from  the  character  of  the 
transformation.  It  is,  for  example,  very  difficult  often  to  prove  that 
molecular  oxygen  unites  with  the  substance  oxidized  before  the  reaction 
is  consummated,  but  oxyhemoglobin  is  such  an  intermediate  substance 
which  in  the  absence  of  either  alkaline  or  acid  reaction  is  fairly  stable 
and  may  be  isolated.  Since  a  rise  in  temperature  increases  the  motion 
of  the  atoms  in  the  molecule  and  thus  increases  their  lability,  it  shortens 
the  period  of  the  reaction  by  shortening  the  time  taken  up  in  the  inter- 
mediate stage  and  so  hastens  the  reaction.  It  accelerates  by  diminishing 
the  resistance,  but  does  not  so  greatly  affect  the  chemical  affinities.  Heat 
having  this  double  action  accelerates  chemical  reactions  more  than 
physical.  Nearly  all  vital  reactions  or.  activities  are  doubled  or  trebled 
by  a  rise  of  temperature  of  10°  between  the  limits  10-40°  C. 

The  action  of  a  catalyst  may  be  pictured  in  very  much  the  same  way 
as  the  action  of  heat,  in  that  the  chemical  resistance  is  reduced,  so  that 
the  time  required  for  the  intermediate  stage  of  the  reaction  is  greatly 
shortened  and  hence  the  reaction  is  hastened.  For  example,  it  is  prob- 
able that  the  reaction  in  the  union  of  hydrogen  and  oxygen  to  form  water 
involves  the  intermediate  formation  of  hydrogen  peroxide,  thus 

1.  H  -f  0   ^  H  0 

2.  2H  O     -2H0  +  0 

2     2  2       T^       2 

Finely  divided  platinum  has  the  property  of  rendering  hydrogen  perox- 
ide so  unstable  that  it  decomposes  with  great  speed,  so  that  the  total 
time  required  in  the  reaction  is  enormously  shortened.  There  can  be 
very  little  doubt,  also,  of  the  manner  in  which  this  hastening  is  produced. 
It  is  found  that  any  substance  which  will  unite  with  the  platinum,  and 
thus  presumably  occupy  the  bonds  of  the  platinum  where  the  hydrogen 
peroxide  ordinarily  takes  hold,  will  poison  or  prevent  the  action  of  the 
platinum.  Thus  hydrogen  sulphide  or  carbon  bisulphide  are  true  poisons 
of  this  catalysis.  It  is  probable,  therefore,  that  in  the  presence  of 
platinum  there  are  these  reactions: 

1.  H^-fO^ — "^^^2 

2.  2H^0,  +Pt 2H^0^Pt 

3.  2H^20",Pt  —  -  2H,0  +  Oj  -f  Pt 

Another  reaction  of  this  same  type  where  the  action  is  hastened  by  the 
formation  of  an  intermediate  union  between  the  catalyst  and  an  inter- 
mediate product  of  the  reaction  is  that  of  the  formation  of  ether  from 
alcohol  by  the  action  of  sulphuric  acid. 
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Another  fundamental  property  of  catalytic  agents  is  that,  in  many 
cases  at  any  rate,  they  do  not  change  the  point  of  equilibrium  of  revers- 
ible reactions.  A  great  many  reactions,  possibly  all  of  them,  never  go 
completely  to  an  end.  They  apparently  come  to  rest,  but  it  is  found  that 
there  is  more  or  less  of  the  unchanged,  reacting  substance  still  present 
when  this  happens.  Such  reactions  are  said  to  be  reversible.  It  is  char- 
acteristic of  the  common  reversible  reactions  that  very  little  energy 
exchange  takes  place  in  them.  Such  a  reversible  reaction  is  that  gen- 
erally cited  between  acetic  acid  and  ethyl  alcohol.  If  acetic  acid  and 
alcohol  are  mixed,  union  takes  place  between  them  with  the  formation  of 
ethyl  acetate.  The  reaction  apparently  comes  to  an  end  when  there  are 
about  33  molecules  each  of  alcohol  and  acetic  acid  and  66  of  the  ethyl 
acetate.  If  ethyl  acetate  be  dissolved  in  water,  it  will  break  up  into  acetic 
acid  and  alcohol  until  the  three  reacting  molecules  are  present  in  the  same 
proportion  as  before.  This  point  is  called  the  point  of  equilibrium  of 
the  reaction. 

OHO+CHOH     -7—^     (J  H  .O.CO.CH  -fH  0 

This  reaction  goes  in  the  left-handed  direction  if  ethyl  acetate  is  dis- 
solved in  water,  and  in  the  right-handed  if  a  start  is  made  with  alcohol 
and  acid.  At  the  time  of  equilibrium  the  reaction  has  not  stopped,  but 
is  going  on  in  such  a  way  that  the  number  of  molecules  of  acetate  break- 
ing up  is  just  equal  to  the  number  being  formed  in  any  time  interval. 

This  reaction  may  be  catalyzed  by  lipase,  an  enzyme  or  catalytic  agent 
found  in  cells,  but  it  is  found  that  while  the  point  of  equilibrium  is 
reached  in  a  shorter  time,  it  has  not  changed  the  relative  concentration 
of  the  reacting  molecules.  The  fact  that  the  point  of  equilibrium  of  the 
reaction  is  not  changed  by  the  catalyst  means  that  the  catalyst  must 
accelerate  the  reactions  in  each  direction  equally,  otherwise,  in  any 
interval  of  time,  there  would  be  more  molecules  of  acid  and  alcohol  unit- 
ing than  of  ethyl  acetate  breaking  up,  or  vice  versa,  and  the  point  of 
equilibrium  would  be  shifted.  On  the  theory  of  the  catalysis  being  due 
to  the  formation  of  an  intermediate  unstable  stage,  this  behavior  is 
readily  understood,  since  the  reaction  has  to  pass  through  this  stage  in 
whichever  direction  it  is  going.  This  fact,  that  the  catalysts  catalyze 
equally  both  reactions  in  a  reversible  reaction,  is  known  as  the  reversible 
action  of  enzymes.  It  was  first  observed  in  the  case  of  the  enzyme 
raaltase.  This  catalyzes  the  union  of  glucose  to  form  isomaltose  and 
water,  and  of  maltose  and  water  to  form  glucose.  It  has  since  been  shown 
also  for  other  reversible  reactions  and  other  catalysts.  Kastle  and  Loe- 
venhart  showed  the  reversible  reaction  of  lipase,  and  Taylor  reported  the 
reversible  synthesis  of  protamine  by  a  proteolytic  enzyme. 

The  intermediate  body  composed  of  catalyst  and  reacting  molecules 
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is  generally  unstable,  but  it  is  conceivable  that  when  it  is  formed  it 
might  in  some  way  be  rendered  more  stable.  If  this  were  the  case,  we 
should  have  a  complex  formed  of  enzyme  and  various  species  of  reacting 
molecules  which  might  be  very  complex  and  stable  within  narrow  limits. 
It  is  possible  that  the  synthesis  of  amino-acids  to  make  proteins,  and 
other  syntheses,  are  brought  about  in  this  way  in  protoplasm,  the  proto- 
plasm being  essentially  composed  of  the  enzymes  united  with  the  sub- 
stances upon  which  they  act.  The  substance  making  the  intermediate 
stage  stable  might  be  called  an  anti-ferment. 

The  catalytic  agents  of  cells  are  known  as  enzymes,  a  word  meaning 
literally  in  yeast,  from  the  Greek,  en,  in ;  zyme,  leaven.  An  enzyme  is  an 
organic  catalytic  agent  found  in,  or  isolated  from,  living  matter.  These 
catalytic  agents  are  very  numerous  and  it  is  to  them  that  the  activity  of 
living  protoplasm  in  a  chemical  sense  is  due.  Some  of  these  enzymes  are 
easily  isolated  from  cells;  they  are  exocellular;  such  are  the  various 
digestive  enzymes,  pepsin,  trypsin,  invertin,  ptyalin,  maltase,  and  the 
alcoholic  enzyme,  zymase.  Others,  however,  have  not  yet  been  isolated, 
and  the  more  fundamental  reactions  of  living  matter,  such  as  the  oxida- 
tions or  the  preliminary  fragmentations  of  the  molecules,  are  apparently 
due  to  some  enzymes  of  a  very  unstable  kind  which  are  firmly  tied  to  the 
structure  of  the  cell.  It  may  be  that  for  these  reactions  the  simultaneous 
presence  of  two  or  more  contiguous  or  loosely-bound  enzymes  may  be 
necessary,  so  that  by  separating  them  their  action  is  lost.  At  any  rate, 
it  has  so  far  been  impossible  to  bring  about  the  synthesis  produced  by 
the  cell  if  the  structure  of  the  cell  is  first  destroyed.  ■ 

There  are  a  great  variety  of  enzymes  found  in  cells ;  among  them  are 
those  which  produce  hydrolyses,  such  as  the  digestive  enzymes,  and  by 
whose  action  the  synthetic  formation  of  various  colloidal  constituents 
may  be  explained ;  oxidases ;  peroxidases ;  catalases ;  and  various  enzymes 
producing  fermentations  such  as  zymase.  Among  the  hydrolytic  enzymes 
may  be  mentioned  invertin,  maltase,  laccase,  amylase,  dextrinase,  cytase, 
emulsin,  myrosin,  pepsin,  trypsin,  erepsin,  probably  rennin,  and  other 
proteases;  the  esterases,  such  as  various  lipases;  deamidizing  enzymes, 
such  as  adenase,  guanase;  arginase;  nucleases;  and  glyoxalase.  It  is 
possible  that  these  enzymes  form  part  of  the  organized  protoplast,  and 
that  their  hydrolytic  activity  is  checked  by  the  presence  of  anti-enzymes, 
particular  conditions  of  alkalinity  and  so  on. 

The  physical  chemistry  of  oxidation. — Since  the  whole  of  the  energy 
used  in  the  production  of  living  phenomena  comes  immediately  or  sec- 
ondarily from  the  oxidation  of  the  foods,  an  understanding  of  the  process 
of  oxidation  is  necessary  before  vital  processes  can  be  understood;  a 
short  account  of  the  theories  of  the  nature  of  oxidation  may  be  given  at 
this  place.    There  are  two  kinds  of  oxidations  going  on  in  living  matter 
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namely,  those  taking  place  at  the  expense  of  the  oxygen  of  the  air,  and 
those  in  which  the  oxidation  is  produced  by  easily  reducible  food  sub- 
stances or  their  metabolic  fragments.  The  first  process  is  called  aerobic 
respiration;  the  second  anaerobic.  In  aerobic  respiration  the  oxidizing 
agent  is  the  oxygen  of  the  air. 

The  term  oxidation,  which  literally  means  a  process  of  souring,  from 
the  Greek,  oxys,  acid,  includes  in  chemistry  not  only  processes  which 
involve  the  transfer  of  oxygen,  but  it  is  used  to  signify  any  process 
which  results  in  the  increase  of  the  number  of  positive  valences,  or  the 
diminution  of  negative  valences  of  a  compound  or  element,  whether  this 
is  produced  by  oxygen  or  some  other  agtent.  Thus  the  reaction  between 
ferric  chloride  and  potassium  iodide  by  which  iodine  is  set  free  is  called 
an  oxidation,  the  iodide  being  oxidized  by  the  ferric  chloride.  The  re- 
action is  as  follows : 

+++ +    —         ++ + 

Fe  +  3C1  +  K  +  1 ►  l''e  +  3C1  +  K  +  I 

It  will  be  seen  from  the  ionic  reaction  that  the  oxidation  has  really 
involved  the  passage  of  a  positive  charge  of  electricity  from  the  ferric 
atom,  which  is  the  oxidizing  reagent,  to  the  iodine  atom;  or  the  passage 
of  a  negative  electrical  charge  from  the  iodine  ion  to  the  ferric  ion,  thus 
reducing  it.  It  will  be  noticed  that  there  cannot  be  an  oxidation  without 
a  corresponding  reduction.  A  similar  reaction  is  that  between  nitric 
acid  and  silver,  leading  to  the  formation  of  silver  nitrate.  This  may  be 
written  as  follows  from  the  ionic  point  of  view: 

NO^  +  OH  +  Ag — ►  Ag  +  OH  +  NO^ 

Ag  +  oi  +  ii  +  NO^ -A^  +  NO^+H^O 

In  this  reaction  it  will  be  seen  that  the  oxidizing  reagent  is  the  ion,  NOj, 
which  has  a  positive  charge  held  at  a  very  high  potential,  and  that  this 
is  the  cause  of  the  oxidation  of  the  metallic  silver  to  the  positively 
charged  Ag  ion.  It  may  at  first  seem  unlikely  that  nitric  acid  should 
dissociate  in  this  way  into  NOj  and  OH,  but  it  is  not  by  any  means 
impossible  that  such  a  dissociation  in  small  amounts  takes  place.  The 
weaker  the  acid  is,  the  more  likely  it  is  to  dissociate  somewhat  as  a  base 
as  well  as  an  acid.  Water,  for  example,  functions  both  as  a  base 
and  an  acid.  Boric  acid  is  nearly  as  basic  as  it  is  acid.  Hypo- 
chlorous  acid,  HCIO,  is  also  a  very  weak  acid  and  probably  dissociates  in 

this  way  in  part  into  CI  -f-OH;  the  positive  chlorine  being  the  active 
agent.  It  will  be  observed  that  in  all  the  oxidations  of  this  type  a 
hydroxyl  group  combines  with  the  oxidized  substance.  Another  reaction, 
an  oxidation  which  does  not  involve  oxygen,  is  the  oxidation  of  zinc  by 
an  acid.    In  this  case  there  is  the  reaction 

Zn .  4-  2H  4-  2C1 ►  Zn  +  2C1  +  H 
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In  this  reaction  the  hydrogen  is  the  oxidizing  agent  giving  up  a  positive 
charge  to  the  zinc  which  is  thus  oxidized.  Similarly  all  processes  of  oxi- 
dation, could  we  trace  them  out,  would  be  found  to  involve  the  transfer 
of  a  negative  electron  from  one  element  to  another,  the  one  which  receives 
it  being  reduced  and  the  element  losing  the  negative  charge  being  thus 
rendered  more  positive  and  being  said  to  be  oxidized. 

Whether  the  foregoing  picture  of  the  process  of  oxidation  be  in  all 
particulars  right  or  not,  it  is  beyond  question  that  the  oxidation  does 
involve,  in  all  cases  in  which  the  process  can  Le  watched,  the  transfer 
of  positive  and  negative  electrical  particles  or  electrons,  and  that  this  is 
the  essence  of  the  process.  Moreover,  the  more  easily  a  substance  gives 
up  a  negative  charge  the  more  active  will  it  be  as  a  reducing  agent ;  and 
similarly  the  more  easily  it  gives  up  a  positive  charge,  or  acquires  a 
negative,  the  more  active  will  it  be  as  an  oxidizing  agent.  Oxygen  acts 
as  an  oxidizing  agent  because  it  has  a  great  tendency  to  take  away  a 
negative  charge  from  other  substances  and  go  over  into  the  form  of  an 
oxygen  ion.  or  of  electro-negative  oxygen. 

The  great  importance  of  this  theory  from  the  point  of  view  of  physio- 
logical chemistry  is  that  it  shows  at  once  that  every  oxidation  in  proto- 
plasm is  at  the  bottom  an  electrical  process  involving  the  transfer  of 
electrical  charges.  In  other  words,  an  electrical  disturbance  of  some 
kind,  albeit  possibly  within  molecular  dimensions,  must  occur  in  every 
combustion  in  the  protoplasm.  It  thus  furnishes  a  point  of  attack  of  the 
origin  of  the  electrical  disturbances  which  are  so  characteristic  of  living 
matter  of  all  kinds  and  enables  an  understanding  of  the  disappearance 
of  these  currents  when  the  respiration  of  the  protoplasm  is  prevented. 

While  ordinarily  the  transfer  of  the  electrical  charge  from  one  atom 
to  another  releases,  directly  or  indirectly,  in  the  form  of  heat,  energy 
which  had  been  potential,  under  suitable  conditions  this  energy  does  not 
take  the  form  of  heat,  that  is  of  indiscriminate  molecular  vibrations,  but 
of  a  steady  migration  of  the  ions,  the  positive  in  one  direction,  the  nega- 
tive in  another,  so  that  we  have  an  electrical  current  which  can  do  work. 
This  happens  in  the  particular  arrangement  which  is  called  a  battery.  If 
a  piece  of  zinc  is  placed  in  a  solution  of  sulphuric  acid,  it  dissolves  with 
the  liberation  of  hydrogen  gas  and  of  much  heat.  In  this  case  the  oxidiz- 
ing substance  is  the  hydrogen  ions  of  the  acid,  and  the  oxidized  substance 
is  the  zinc  which  escapes  into  solution  as  a  positive  ion.  The  heat  may 
be  due  to  the  violent  separation  of  the  zinc  and  hydrogen  after  the  trans- 
fer of  the  charge  from  one  to  the  other.  If,  however,  the  zinc  be  placed 
in  a  solution  of  zinc  sulphate,  and  this  is  in  contact  through  a  porous  cup 
or  directly  with  a  solution  of  copper  sulphate  in  which  is  a  plate  of  cop- 
per, and  if  the  copper  and  the  zinc  are  connected  with  a  wire,  the  zinc  dis- 
solves as  it  did  before,  and  copper  is  deposited,  but  there  is  no  appear- 
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anee  of  heat  or  very  little,  but  instead  an  electrical  current  is  produced 
from  the  zinc  to  the  copper  in  the  solution  and  in  the  opposite  direction 
outside.  This  reaction  is  a  true  oxidation-reduction  reaction.  In  this 
ease  the  zinc  dissolves  extremely  slowly  when  the  battery  is  not  short- 
circuited,  that  is  when  the  zinc  and  copper  are  not  connected,  for  the 
reason  that  there  are  in  a  zinc  sulphate  solution  so  very  few  hydrogen 
ions  to  oxidize  the  zinc ;  but  as  soon  as  the  connection  is  made  with  the 
copper,  the  copper  ions  in  the  solution  which  have  a  greater  oxidizing 
potential  than  the  hydrogen  are  able  to  give  up  their  charges  to  the  cop- 
per plate  and  these  charges  are  conducted  by  the  wire  to  the  zinc  plate, 
thus  oxidizing  the  zinc  so  that  it  can  go  into  solution  as  a  positive  ion. 
This  is,  as  it  were,  an  oxidation  at  a  distance,  the  oxidizing  and  reducing 
agents  not  being  in  direct  union,  but  indirectly  through  the  copper  plate 
and  wire.  There  is,  of  course,  some  loss  of  energy  as  heat  produced  by 
the  movement  of  the  ions  through  the  solution  and  in  part  by  the  move- 
ment of  the  electrons  through  the  wire,  but  the  loss  is  not  great.  The 
important  point  is  that  the  processes  in  a  battery  which  give  rise  to  the 
electrical  phenomena  of  the  battery  are  oxidation-reduction  processes. 

It  is  not  inconceivable,  although  it  has  not  yet  been  possible  to  prove 
it,  that  the  electrical  phenomena  of  protoplasm  might  arise  directly  in 
this  way  from  the  oxidation-reduction  phenomena  of  protoplasm.  They 
may,  however,  have  an  indirect  relation  to  the  oxidation,  as  has  been 
pointed  out. 

In  order  that  the  oxygen  of  the  air  shall  oxidize  it  must  first  go  into 
solution.  It  is  only  in  the  presence  of  water  that  oxygen  has  the  power 
of  oxidizing  rapidly.  The  first  question,  then,  is  the  mechanism  of  the 
oxidation  by  oxygen.  What  happens  to  oxygen  when  it  goes  into  solution 
in  water  ?  This  raises  a  most  fundamental  question,  to  which  no  definite 
answer  can  at  present  be  given;  there  have  been  several  answers. 

The  first  view  is  that  of  van't  Hoff.    According  to  him,  the  oxygen 

probably  ionizes  when  it  goes  into  solution  in  water,  splitting  into  a 

'    +  ""  +  .  •         . 

small  number  of  0  and  0  ions.    It  is  the  0  ions  which  have  the  oxidizing 

power.  It  has  not  yet  been  possible  to  prove  that  such  an  ionization 
takes  place,  although  something  similar  appears  to  happen  in  many  gases 
at  high  temperatures,  dissociation  into  atoms  taking  place.  It  is  also  sug- 
gested by  others  that  all  processes  of  ionization  involve  a  union  between 
solvent  and  ionizing  substance  and  this  view,  while  not  entirely  incom- 
patible with  the  foregoing,  will,  if  substantiated,  cause  some  modification 
of  the  explanation. 

Another  view  is  that  of  Traube,  according  to  which  the  oxygen  always 
unites  with  the  water  to  form  hydrogen  peroxide,  which  is  the  real  oxi- 
dizing agent.    The  reaction  might  be  written  as  follows ; 
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2H  O  +  O     ►    2H  O 

2         r      2  2     2 

This  view  leaves  unexplained  the  cause  of  the  oxidizing  power  of  the 
hydrogen  peroxide. 

There  is  a  growing  amount  of  evidence  that  all  true  solution  is  a 
process  of  chemical  union  between  the  solvent  and  solute,  possibly 
through  the  extra  valences  on  the  molecules  of  the  two  kinds.  It  may 
be  that  the  oxidation  is  similar  to  that  of  the  oxidation  by  chlorine  or 
bromine.  When  bromine  dissolves  in  water  it  is  known  to  form  hypo- 
bromous  acid,  bromates  and  bromide.  The  reactions  might  be  written 
as  follows  on  the  basis  that  the  interaction  of  the  water  and  the  bromine 
can  only  take  place  when  a  chemical  union  exists  between  them: 

1.  2(Br^)+2H^O (2K^0)  (Br^)^ 

2.  (2Hb)(Br)^ 2HBr  +  2HOBr 

3.  HBrO H  +  OBr;  or  HBrO Br  +  OH 

Or  the  reaction  might  be  with  the  water  molecules  (HO) 
L     2Br^+(H,0)^    __     B^tH^O)^ 

2.    H^O^Br^    ^-^   3HBr  +  H0Br  +  H^O^ 

Since  the  ion,  BrO,  has  little  or  no  oxidizing  power,  and  the  power  of 
the  hydrogen  ion  is  very  much  less  than  the  solution  possesses,  the  oxi- 
dizing agent  would  be  the  positive  bromine  obtained  from  the  bromine 
hydrate. 

The  oxidizing  power  of  oxygen  may  be  represented  in  the  same  way : 

1.  20   +3H0 HO 200H  +  H0   +H0 

2^^2  67  '22'2 

2.  OOH    ~    O  +  OH 

The  oxidizing  agent  would  be  the  oxygen  hydrate.  The  above  reaction 
would  be  in  case  the  oxygen  is  monovalent  in  the  gaseous  form.  If  it 
were  bivalent,  the  reaction  would  be 

20  +3H0   «—   0(0H)    +2H0 

2  T^  2  '  '2  T^  2     2 

These  reactions  would  account  for  the  general  appearance  of  hydrogen 
peroxide  during  the  reaction.  They  are,  of  course,  in  the  case  of  oxygen, 
purely  hypothetical,  since  neither  0(0H)2  nor  OOH  have  been  isolated. 
There  are  two  facts,  however,  which  are  undoubted :  one  is  that  the  action 
of  the  oxygen  is  enormously  more  rapid  in  the  presence  of  water,  and 
that  hydrogen  peroxide  is  formed  accompanying  many  oxidations.  It 
would  seem,  therefore,  that  a  union  of  some  kind  between  the  water  and  the 
oxygen  certainly  precedes  the  oxidizing  process.  The  solubility  of  oxygen 
clearly  indicates  this  also,  since  the  solubility  is  greater  than  that  of  a 
completely  indifferent  gas  such  as  hydrogen,  or  helium.  There  is  no 
doubt,  either,  that  in  the  case  of  the  halogens  the  acids  corresponding  to 
hypobromous  acids  are  always  formed  when  they  dissolve  in  water ;  and 
it  is  equally  certain  that  the  oxidizing  power  of  the  metals,  such  as 
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Cu(0H)2,  is  due  to  the  presence  of  hydrates  in  the  solutions.  The  facts 
are,  then,  that  the  exact  behavior  of  oxygen  in  water  is  uncertain,  so  that 
it  is  impossible  to  say  just  what  the  oxidizing  principle  really  is.  It  is 
worth  noting  that,  if  there  is  in  protoplasm  a  substance  which  will  com- 
bine with  oxygen  in  the  way  supposed  for  the  water,  it  will  form  just 
such  a  union  with  the  oxygen.    Hemoglobin  is  such  a  substance. 

Summary. — We  may  summarize  as  follows  the  results  of  the  study 
of  the  physical  chemistry  of  protoplasm  made  in  this  chapter.  Proto- 
plasm, that  is  the  real  living  protoplast,  consists  of  a  gel,  or  sol,  which 
is  composed  of  the  colloids  of  an  unknown  nature  which  include  protein, 
lipin  and  carbohydrate.  Whether  these  colloidal  particles  consist  of  one 
large  colloidal  compound  in  which  enzymes,  protein,  phospholipin  and 
carbohydrate  are  united  to  make  a  molecule  which  may  be  called  a 
biogen,  cannot  be  definitely  stated,  but  it  seems  probable  that  something 
of  the  sort  is  the  case.  This  colloid  exists  in  the  form  of  a  gel.  That  is, 
it  always  contains  a  large  amount  of  water  and  this  water  has  in  it  salts. 
The  gel  of  the  protoplasm  is  not  often  uniform,  but  it  is  differen- 
tiated physically  and  chemically  in  different  parts  of  the  cell.  The  cell 
is  not  isotropic,  as  the  morphologists  say.  The  movements  of  the  proto- 
plasm and  so  the  activity  of  the  cell,  the  vital  activity,  appear  to  be  due 
to  the  varying  afSnity  of  this  gel,  or  of  particular  parts  of  it,  for  water, 
by  which  water  is  caused  to  enter,  or  leave  it.  This  affinity  for  water 
may  be  modified  in  various  ways.  It  may  be  modified  by  salts,  which 
exist  usually  in  loose  or  more  firm  chemical  union  with  the  colloids.  Some 
salts  if  introduced  into  the  protoplasm  will  cause  the  protoplasm  to  take 
up  more  water,  others  to  lose  water.  It  may  be  modified  by  a  change  in 
the  reaction  of  the  cell,  by  the  production  of  acid.  And,  above  all,  it  is 
modified  by  the  chemical  changes  occurring  in  the  colloid  itself,  for  this 
colloid  is  very  unstable.  The  last  is  the  cause  undoubtedly  of  most  of 
the  rhythmic  and  other  activities  of  protoplasm.  The  protoplast,  which  is 
probably  the  continuous  phase,  undergoes  oxidations,  and  in  virtue  of  the 
changes  thus  produced  the  affinity  for  water  by  the  colloid  is  changed.  It 
may  be  simply  a  local  affinity  alteration,  such  as  we  see  in  the  streaming 
amoeba,  in  which  the  protoplasm  suddenly  appears  to  become  more  liquid 
in  one  region  or  another  of  the  cell.  A  stimulus,  on  this  view,  is  anything 
which  alters  the  afiinity  for  water  on  the  part  of  the  protoplast,  and  as 
this  affinity  is  a  very  delicate  adjustment  it  may  be  altered  by  a  great 
variety  of  means.  Hence  stimuli  may  be  either  chemical,  physical  or 
mechanical,  since  by  all  of  these  means  we  may  produce  chemical  changes 
which  will  alter  the  affinity  of  the  cell  for  water. 

•Every  activity  of  this  protoplast  is  accompanied  by  an  electrical 
disturbance,  the  blaze  current,  or  current  of  action.  The  way  in  which 
this   electrical   disturbance   is   produced   is   still   entirely   dark;    and 
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its  significance,  or  rather  its  possible  function,  is  equally  dark.  But 
men  have  imagined  three  possible  ways  in  which  it  might  be  produced : 
It  might  be  produced  by  the  change  in  the  surface  of  contact  of  the  col- 
loid and  water,  as  happens  in  a  capillary  electrometer  when  the  surface 
of  contact  of  mercury  and  acid  is  altered ;  it  might  be  produced  by  the 
appearance  of  acid  as  a  result  of  chemical  decomposition,  the  hydrogen 
ions  in  some  way  setting  up  a  concentration  chain  effect  by  their  greater 
velocity  of  movement,  the  colloids  assisting  by  forming  semi-permeable 
membranes,  thus  interposing  resistances  to  the  passage  of  the  negative 
ion;  or  the  electrical  disturbance  might  be  the  direct  result  of  the  oxi- 
dation, every  oxidation  involving  a  minute  current  when  the  positive 
charge  is  passed  from  the  oxidizing  to  the  oxidized  body.  How  such  an 
effect  could  be  propagated  to  a  distance  beyond  the  molecule  has  not 
been  explained.  Evidently  the  explanation  of  the  mechanism  of  the  pro- 
duction of  this  electrical  disturbance  must  be  left  to  the  future. 

All  the  chemical  processes  in  the  cell,  so  necessary  for  the  quick 
response  to  a  stimulus  and  to  recovery  from  the  effects  of  a  stimulus, 
are  accelerated  by  the  presence  in  the  cells  of  accelerators  of  these  re- 
actions, and  these  accelerators  are  called  enzymes.  The  nature  of  none 
of  these  is  definitely  known,  and  the  protoplast  itself,  or  the  biogens, 
appear  to  be  the  most  important  of  these  accelerators.  The  enzymes, 
there  are  reasons  for  thinking,  are  not  distributed  evenly  through  the 
cell,  but  exist  in  definite  locations,  so  that  the  changes  in  one  part  differ 
from  those  in  another,  thus  producing  a  physiological  division  of  labor 
and  a  physiological  diversity  no  less  marked  than  the  morphological 
diversity. 

Finally  the  structures  of  cells  are  so  characteristic  and  definite  as 
to  show  that  the  cell  is  organized  in  some  way  or  other.  The  suggestion 
has  been  made  that  this  organization  must  in  the  long  run  be  caused  by 
the  molecules  of  which  the  protoplast  is  composed,  just  as  the  form  of 
a  crystal  is  produced  by  the  molecules  of  which  it  is  composed.  It  must 
hence  be  the  expression  of  the  molecular  form  of  the  biogens. 
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PART  II. 

THE  MAMMALIAN  BODY  CONSIDERED  AS  A  MACHINE.  ITS 
GROWTH,  MAINTENANCE,  ENERGY  TRANSFORMATIONS 
AND  WASTE  SUBSTANCES. 

We  have  now  to  inquire  more  in  detail  concerning  the  nature  of  the 
processes  by  which  the  animal  body  grows,  and  maintains  itself  from 
the  foods;  what  the  source  is  of  the  heat  it  so  constantly  produces; 
whence  comes  its  power  of  moving  and  doing  work ;  what  is  the  nature 
of  the  waste  products  it  forms,  and  the  causes  of  the  variations  which 
they  show  in  diverse  conditions  of  diet  and  health.  All  these  processes 
are  included  in  the  province  of  the  science  of  nutrition.  It  is,  then,  the 
nutrition  of  animals  and  in  particular  of  mammals  which  we  shall 
consider  in  the  following  chapters.  We  shall  take  up,  first,  the  produc- 
tion of  heat  in  the  body  and  then  pass  on  to  the  study  of  the  processes 
involved  in  the  maintenance  of  the  animal  organization  and  in  its 
development  and  energy  transformations. 

In  order  that  organisms  shall  maintain  their  form  unchanged,  that 
they  shall  transform  into  their  own  substance  this  mass  of  material  dif- 
ferent from  themselves  on  which  they  subsist, — ^that  they  shall  make 
themselves  out  of  their  foods, — it  is  necessary  that  there  shall  be  some 
kind  of  an  organizing  force  at  work.  Organization  is  at  the  bottom  of 
everything  living,  not  only  of  the  material  side  of  our  existence,  but  of 
the  mental  as  well.  The  organism  may  be  but  an  enlarged,  complex 
and  semifluid  crystal.  That  we  shall  remember  experiences,  that  we 
shall  continue  to  exist  as  individuals,  something  of  a  material  kind  must 
persist,  or  be  reconstituted  from  moment  to  moment.  What  is  that  some- 
thing? What  is  the  nature  of  the  organizing  principle  of  living  things! 
'i'hese  are  fundamental  questions,  but  they  are  questions  to  be  solved  by 
Uie  experiments  of  the  future.    We  cannot  answer  them  at  present. 

The  body  resembles  a  magnet.  The  body  in  many  particulars 
resembles  a  magnet.  A  magnet  has  existence  as  a  magnet  only  as  long 
as  the  materials  of  which  it  is  composed  are  organized;  only  as  long  as 
the  molecules  are  oriented  or  organized  into  a  definite  relation  to  each 
other.  The  magnet  is  itself,  then,  an  organism.  It  has  the  power,  like 
the  body,  of  organizing  other  materials  like  itself,  so  that  if  new  iron 
IS  brought  to  it,  it  makes  the  new  iron  into  a  part  of  the  magnet  by 
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organizing  the  ultimate  particles  of  the  new  iron  to  correspond  to  the 
organization  or  orientation  of  its  own  molecules.  It  has  the  power  of 
growth.  It  will  pick  the  right  materials,  fine  iron  particles,  out  of  a 
mixture  of  iron  and  other  substances,  rejecting  the  useless  and  assimilat- 
ing the  substances  like  itself.  It  may  be  cut  in  two,  like  many  organisms, 
and  each  part  becomes  a  magnet  like  that  from  which  it  came.  If  heated 
to  a  point  at  which  its  organization  is  lost;  if  heated,  in  other  words, 
to  a  point  at  which  the  orientation  of  the  molecules  in  consequence  of 
their  rapid  movement  is  lost,  the  magnetism  disappears.  Its  property  of 
magnetism  is  lost.  The  magnet  dies  as  an  individual.  How  closely  simi- 
lar to  all  this,  at  least  in  its  superficial  aspect,  is  the  life  history  of  the 
mammalian  organism.  Beginning  life  as  a  very  minute  organism,  it 
assimilates  to  itself,  out  of  the  mixture  of  foodstuffs  brought  to  it,  sub- 
stances like  itself.  It  grows  like  the  magnet.  Its  power  of  organization 
reminds  one  irresistibly  of  the  magnet's  powers  of  organization.  Like 
the  magnet,  the  organism  cannot  assimilate  all  kinds  of  things,  but  only 
those  things  of  a  certain  special  kind  depending  on  the  shape  and  nature 
of  the  molecules.  Like  the  magnet,  too,  it  can  only  continue  to  exist  below 
a  certain  temperature.  If  heated  to  its  critical  temperature  the  organ- 
ism, like  the  magnet,  ceases  to  exist  as  an  organism,  although  composed 
of  the  same  elements  as  before  the  heating.  In  the  heated  magnet, 
although  it  ceases  to  exist  as  a  magnet,  the  property  of  magnetism  still 
exists  concealed  from  our  eyes  in  the  molecules  of  which  it  is  composed. 
Each  molecule  preserves  the  property  of  magnetism.  Is  it  not  probable 
that  so  in  an  organism  the  psychic  and  other  properties  of  vitalism  are 
really  inherent  in  and  continue  to  exist  in  the  particles  of  which  the 
molecules  and  atoms  are  composed,  but  that  they  are  concealed  from  our 
dull  vision  ?  The  organism  at  death  may  be  resolved  into  a  multitude  of 
psychic  elements,  of  elements  possessed  of  vitalism,  but  this  vitalism,  this 
psychism,  is  now  in  a  multitude  of  small  molecular  and  atomic  units  and 
the  organism  as  an  organism  ceases  to  exist.  The  law  of  the  conservation 
of  energy,  namely,  that  energy  can  neither  be  created  nor  destroyed, 
but  may  be  organized  to  appear  in  different  forms,  is  one  of  the  funda- 
mental laws  of  physics,  chemistry  and  physiology.  The  biologist  may 
some  day  add  its  counterpart  in  the  law  of  the  conservation  of  psychism. 
The  property  of  psychism  may  be  a  fundamental  property  of  every  atom ; 
nay,  of  every  electron.  But  it  is  only  when  organized  that  this  property 
appears  to  us  in  the  form  of  an  individual,  a  larger  psychic  unit. 

The  magnet  does  not  appear  to  be  undergoing  vigorous  chemical 
change.  In  this  respect  it  differs  from  the  animal  body,  which  is  the 
seat  of  such  changes.  But  this  difference  is  probably  but  a  difference 
in  degree.  The  atoms  of  which  the  iron  magnet  is  composed,  there  is 
reason  now  for  thinking,  are  not  everlasting  and  changeless,  but  they 
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may  be  having  a  metabolism  of  tbeir  own,  new  electrons  being  absorbed 
from  the  ether,  and  old  electrons  being  giveii  off  to  the  ether.  All  is  in 
flux  in  nature.  Stability  is  but  an  appearance.  Our  brief  lives  are  like 
the  fraction  dt  in  a  differential  equation,  infinitely  brief  in  the  time  of 
the  universe.    Things  appear  constant  when  observed  for  so  short  a  time. 

We  cannot  pursue  speculations  of  this  nature  concerning  those  great 
problems  awaiting  the  future  biologists.  It  is  for  us  to  clear  the  ground. 
And  we  may  comfort  ourselves  with  two  reflections  as  we  consider  how 
hopeless  the  solution  of  those  fundamental  problems  appears  at  the 
present  time:  the  first  is  that  there  is  really  nothing  insignificant  in 
nature,  however  small  our  problems  may  look  to  us.  The  problem  most 
trivial  in  appearance,  if  followed  but  a  little  way,  brings  us  to  the  most 
profound  mysteries  of  nature ;  and  the  second  is  that,  however  small  a 
fact  may  appear  to  be,  any  discovery  made  is  multiplied  by  an  infinite 
factor  in  the  course  of  time,  since  it  is  multiplied  by  infinite  time,  so 
that  every  discovery  is  in  reality  infinitely  valuable. 

With  these  preliminary  observations,  which  are  not  in  many  ways 
very  a  propos,  we  may  pass  now  to  the  consideration  of  the  immediate 
problems  of  how  organisms  maintain  themselvos.  what  the  nature  is  of 
the  processes  by  which  the  material  stream  which  flows  through  t^pm 
is  organized  into  the  body  itself;  whence  come  from  this  organization 
those  properties  of  life  and  consciousness  which  we  may  include  under 
the  term  vitalism? 


CHAPTER  VI. 
ANIMAL  HEAT. 

Animal  heat. — The  mammalian  body  is  generally  warmer  than  its 
surroundings.  It  has  a  temperature  of  about  37.5°  C,  which  is  kept 
nearly  constant  irrespective  of  the  outer  temperature.  It  produces  heat 
like  a  stove;  it  moves  and  expends  energy  in  moving.  "Whence  comes 
the  heat  of  the  body ;  and  what  is  the  source  of  the  energy  used  in  move- 
ments, in  doing  work  ?  What  are  the  natures  of  the  processes  by  which 
heat  is  liberated  ?  These  questions,  or  their  prototypes,  were  among  the 
most  puzzling  which  men  asked  when  they  began  to  inquire  concern- 
ing the  nature  of  things;  and  very  crude  were  the  answers  which 
were  given  in  the  twilight  of  learning.  Men  imagined  that  heat  was  an 
essence,  or  substance,  which  found  its  way  into  and  out  of  the  body; 
or  that  it  was  one  of  the  four  cardinal  elements  of  which  things  were 
made,  earth,  air  and  water  being  the  other  three.  Men  knew  nothing  con- 
cerning the  nature  of  heat.  They  did  not  know  what  was  happening 
when  a  piece  of  wood  burned,  so  that  their  ideas  about  animal  heat  were 
■necessarily  crude  and  generally  wide  of  the  mark.  Even  near  the  end 
of  the  eighteenth  century  such  brilliant  and  far-seeing  men  as  Lavoisier 
and  Laplace  still  considered  heat  to  be  a  substance  which  could  be  added 
to  or  taken  away  from  bodies ;  although  they  also  suggested  that  it  might 
be  a  mode  of  motion  of  the  finer  particles  of  which  matter  was  composed. 

History  of  the  discovery  of  the  origin  of  animal  heat. — In  the  last 
part  of  the  seventeenth  and  first  part  of  the  eighteenth  century 
men  began  more  and  more  to  try  experiments  to  discover  something 
about  nature,  for  "  it  is  only  by  experiment  that  we  see  in  the  full  light 
of  day. ' '  Some  experiments  were  tried  by  Mayow,  Boyle  and  Priestley. 
They  put  small  animals  into  confined  spaces  and  discovered  that  they 
soon  died.  They  found  also  that  if  when  one  animal  was  dead  they 
introduced  a  second  into  the  same  jar  without  renewing  the  air,  the 
second  died  in  a  shorter  time  than  the  first.  The  air  in  the  jar  was  no 
longer  able  to  support  life.  Moreover,  if  a  candle  was  put  under  a  simi- 
lar jar,  it  was  extinguished  after  a  time.  If,  then,  a  second  lighted 
candle  was  introduced  without  renewing  the  air,  the  light  at  once  went 
out.  These  observations  showed  that  animals  and  candles  behaved  in 
the  same  way  in  a  closed  space.  Life  and  light  were  extinguished.  The 
experiment  was  then  tried  of  seeing  whether  a  mouse  would  live  in  the 
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air  exhausted  by  a  candle  and  whether  a  candle  would  burn  in  air  in 
which  a  mouse  had  suffocated.  In  other  words,  did  a  candle  and  a  mouse 
change  the  air  in  the  same  way  ?  It  was  found  that  mice  would  not  live 
in  air  in  which  candles  could  not  burn.  There  was  evidently  something 
similar  in  the  burning  of  a  candle  and  the  breathing  of  an  animal. 
Black,  who  studied  what  had  happened  to  the  air,  says  in  1757:  "  I  have 
convinced  myself  that  the  change  produced  in  healthful  air  by  the  act 
of  respiration  consists  principallj',  if  not  entirely,  in  converting  a  part 
of  it  into  fixed  air  [now  called  carbon  dioxide],  because  I  found  that  in 
breathing  by  means  of  a  tube  into  water  of  lime  or  into  a  solution  of 
caustic  alkali,  I  precipitated  the  lime  and  caused  the  alkali  to  lose  its 
causticity."  Shortly  after  this  Priestley  made  a  kind  of  air  by  heating 
mercuric  oxida,  which  he  called  dephlogisticated  air,  but  which  is  now 
called  by  Lavoisier's  name  of  oxygen.  He  collected  this  air  and  put  a 
lighted  candle  into  it.  It  burned  better  than  in  ordinary  air.  He  then 
put  a  mouse  into  some  more  of  the  dephlogisticated  air  and  it  lived  longer 
than  in  the  same  quantity  of  ordinary  air.  This  "  dephlogisticated  air  " 
was  beneficial  alike  to  burning  candles  and  mice.  Priestley  also  found 
that  it  changed  dark  venous  blood  into  red  arterial  blood,  a  change  which 
was  known  to  occur  in  the  lungs. 

Lavoisier. — The  question  now  turned  on  finding  out  what  the  candle 
did  to  the  air  when  it  burned  in  it.  This  problem  was  solved  by  the 
great  French  chemist  Lavoisier  about  1776.  He  proved  by  a  series  of 
simple  and  convincing  experiments  that  Priestley's  "  dephlogisticated 
air  "  was  a  gas  present  in  ordinary  air  and  forming  about  one-fifth  of 
its  volume.  When  metals  were  heated  in  air  they  became  heavier,  not 
because  they  lost  the  light  spirit  of  phlogiston  which  had  been  driven 
away  by  the  heat,  but  because  they  combined  with  this  oxygen.  And  he 
proved  also  that  the  so-called  "  fixed  air  "  was  carbon  dioxide,  a  com- 
pound of  carbon  and  oxygen.  The  burning  of  a  candle  consisted,  then, 
in  the  combination  of  the  carbon  of  the  candle  with  the  oxygen  of  the 
air  to  form  carbon  dioxide,  and  in  this  process  heat  was  liberated.  Since 
carbon,  or  phosphorus,  or  sulphur  burning  iu  this  air  formed  acids,  he 
called  the  new  or  dephlogisticated  air,  the  acid-maker,  "  oxygen  " 
(Gr.  oxys,  sour  or  sharp  ;  gennao,  1  produce) .  He  then  proceeded  to  find 
if  animals  affected  air  in  the  same  way  as  burning  candles.  He  found 
that  they  did.  In  1777  he  published  the  observation  that  animals  placed 
under  a  jar  until  dead  changed  a  portion  of  the  oxygen  of  the  air  to 
carbon  dioxide.  To  re-establish  the  air  so  that  it  would  support  life, 
it  was  necessary  to  absorb  the  carbon  dioxide  and  restore  an  equal  part 
of  oxygen.  He  says :  "  If  one  augments,  or  if  one  diminishes,  in  a  given 
quantity  of  air,  the  quantity  of  eminently  respirable  air  (oxygen)  that 
it  contains,  one  augments  or  one  diminishes  in  the  same  proportion  the 
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quantity  of  metal  that  one  can  calcine  in  it  and  up  to  a  certain  point 
the  time  that  an  animal  can  live  in  it."  Having  thus  clearly  demon- 
strated that  both  burning  candles  and  living  mice  took  oxygen  out  of 
the  air  and  added  carbon  dioxide  to  it,  he  goes  on  to  say,  in  regard  to  the 
place  in  the  body  where  the  conversion  of  oxygen  to  carbon  dioxide  takes 
place,  "  I  have  been  forced  to  two  conclusions  equally  probable  and  be- 
tween which  my  experiments  do  not  permit  me  to  decide.  Either  the 
portion  of  air  eminently  respirable  (oxygen)  contained  in  atmospheric 
air  is  converted  into  (carbon  dioxide)  fixed  air  in  passing  through  the 
lungs;  or  it  mak*s  an  exchange  in  this  organ,  on  the  one  hand  the  emi- 
nently respirable  air  is  absorbed,  and  on  the  other  hand  the  lung  returns 
for  it  a  portion  of  carbonic  acid  almost  equal  to  it  in  volume." 

Having  thus  shown  the  identity  of  the  chemical  changes  produced  by 
combustion  and  respiration,  he  at  once  inferred  that,  since  a  candle  lib- 
crates  heat  when  it  burns  and  animals  also  produce  heat,  this  animal 
heat  probably  came  from  the  combustion  of  the  body.  In  his  Memoir 
to  the  French  Royal  Academy  in  1777  he  says:  "  I  have  shown  that  the 
pure  air  after  having  entered  the  lungs  comes  out  in  part  in  the  state  of 
fixed  air  (carbonic  acid).  The  pure  air  in  passing  the  lungs  undergoes 
a  decomposition  analogous  to  that  which  takes  place  in  the  combustion  of 
coal.  But  in  the  combustion  of  coal  there  is  a  disengagement  of  heat 
(materie  de  feu),  of  which  there  should  be  a  similar  disengagement  in 
the  lungs  in  the  interval  of  inspiration  and  expiration,  and  it  is  this  heat, 
without  doubt,  which  distributed  by  the  blood  throughout  the  animal 
economy  gives  rise  to  the  constant  temperature  of  about  32.5°  Reaumur. 
This  idea  appears  perhaps  hazardous  at  first  glance,  but  before  rejecting 
or  condemning  it,  I  ask  that  it  be  considered  that  it  is  founded  on  two 
constant  and  incontestable  facts:  namely,  on  the  decomposition  of  air 
in  the  lungs,  and  on  the  liberation  of  the  matter  of  fire  (heat)  which 
accompanies  all  decomposition  of  pure  air,  that  is  to  say,  all  passage  of 
pure  air  to  the  state  of  fixed  air."  As  further  proof  of  this  hypothesis 
he  points  to  the  fact  that  those  animals  which  are  warmest,  such  as  the 
birds,  produce  the  most  carbon  dioxide  in  a  given  time  in  proportion  to 
their  weight. 

In  order  to  establish  this  revolutionary  and  beautiful  hypothesis  that 
animal  heat  was  due  to  the  combustion  of  the  carbon  of  the  body,  he 
attempted  to  measure  the  amount  of  heat  produced  by  an  animal  and 
the  amount  of  carbon  burned  and  thus  see  whether  the  combustion  of  this 
amount  of  carbon  would  account  for  the  heat  produced.  It  was  neces- 
sary for  him  to  perfect  first  a  means  of  measuring  heat,  so  with  the  aid 
of  his  great  compatriot  Laplace,,  one  of  the  greatest:  of  French  physicists, 
he  perfected  the  ice  calorimeter  which  had  been  made  by  Black.  This 
calorimeter  consisted  of  a  double-walled  can.  as  shown  in  Figure  34. 
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In  the  space  between  the  walls  cracked  ice  was  placed.  This  prevented 
any  heat  from  reaching  the  interior  of  the  can  from  the  outside.  In 
the  interior  there  was  placed  a  cage  which  would  hold  a  guinea  pig,  a 
rabbit  or  other  small  animal,  and  this  cage  was  packed  in  ice.  The  heat 
given  off  by  the  body  of  the  animal  melted  some  of  the  ice  in  the  interior 
compartment  and  the  water  from  the  melted  ice  was  collected  and 
weighed.  Since  the  melting  of  each  gram  of  ice  requires  an  amount 
of  heat  sufficient  to  raise  the  temperature  of  a  gram  of  water  from  0° 
to  80°,  and  the  amount  of  heat  necessary  to  raise  the  temperature  of 
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Fig.  34. — Ice  calorimeter  of  Lavoisier  and  Laplace.  The  animal  was  placed  in  tlie 
cage,  A,  and  tiie  heat  of  its  body  melted  ice  in  B,  the  water  being  collected  In  G  and 
weighed.     The  outer  layer  of  Ice  in  O  prevented  heat  from  entering. 


water  one  degree  was  taken  as  the  unit  amount  of  heat  and  called  one 
calorie,  to  melt  a  gram  of  ice  requires  80  calories  of  heat.  Of  course, 
arrangements  had  to  be  made  for  the  ingo  and  outgo  of  air  for  respira- 
tion. Before  or  after  being  in  the  calorimeter  the  guinea  pig  was  placed 
in  another  apparatus  in  which  the  carbon  dioxide  exhaled  could  be  meas- 
ured. The  result  of  this  experiment  was  as  follows  when  translated  into 
modern  units :  In  10  hours  the  guinea  pig  burned  3.33  grams  of  carbon, 
computed  from  the  carbon  dioxide  exhaled.  The  heat  liberated  by  burn- 
ing this  amount  of  carbon  Lavoisier  and  Laplace  determined  to  be  suffi- 
cient to  melt  326  grams  of  ice  to  water  at  0°.  The  guinea  pig  when 
placed  in  the  calorimeter  for  a  given  time  liberated  sufficient  heat  to 
melt  in  10  hours  402  grams  of  ice.  This  should  be  a  little  larger  than 
the  heat  generated  by  the  combustion  of  the  carbon,  for  the  pig  was  at 
a  lower  temperature  when  emerging  from  the  calorimeter  than  on  enter- 
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ing  it.  Some  of  the  preformed  body  heat  had  been  lost.  Estimating 
that  the  heat  thus  lost  from  the  body  would  melt  61  grams  of  lee,  then- 
remain  341  grams  of  ice  melted,  as  compared  with  the  326  grams  which 
should  have  been  melted  by  the  combustion  of  the  3.33  grams  of  carbon 
of  the  body.  Thus  he  arrived  at  the  conclusion  that  at  least  96  per  cent, 
of  the  heat  of  the  body  was  to  be  accounted  for  by  the  combustion  of  the 
carbon.    The  experiment  may  be  tabulated  as  follows : 

Amount  of  carbon  burned  by  a  guinea  pig  in  10  hours,  3.33  grams. 

Heat  liberated  by  burning  this  amount  of  carbon  melts  326.5  grams  of  ice. 

■Pig  in  calorimeter  for  10  hours  melted  402.27  grams  ice. 

Reduction  of  temperature  of  body  accounts  for  61.19  grams  ice. 

Heat  produced  by  guinea  pig  in  10  hours  hence  melted  341.08  grams  ice. 

Heat  produced  by  burning  carbon  in  per  cent,  of  total  =  326/341  =  96  per  cent. 

Having  thus  proved  that  animal  heat  was  due,  in  large  part,  to  the 
union,  or  combustion,  of  carbon  and  oxygen,  he  proceeded  to  find  out 
if  the  o.xygen  combined  with  anything  else  than  the  carbon.  Measuring 
the  amount  of  oxygen  consumed  and  the  oxygen  in  the  carbon  dioxide, 
he  found  that  only  81  per  cent,  of  the  oxygen  combined  with,  the  carbon ; 
the  other  19  per  cent,  must  combine  with  something  else,  namely  hydro- 
gen, to  form  water.  If  the  figures  just  given  were  corrected  by  the  addi- 
tion of  the  heat  formed  by  the  combustion  of  the  hydrogen,  there  was  a 
slight  excess  of  heat  computed  over  that  found.  There  was  also  a  source 
of  error  in  the  experiment.  He  had  measured  the  heat  produced  when 
the  pig  was  exposed  to  a  temperature  of  0°,  but  the  carbon  dioxide  pro- 
duced while  the  pig  was  exposed  to  18°  C.  Perhaps  the  body  burned  more 
carbon  and  produced  more  heat  when  it  was  cold  than  it  did  at  room 
temperature.  This  thought  led  him  to  other  fundamental  discoveries. 
He  undertook  to  determine  whether  more  oxygen  was  consumed  at  low 
temperatures  than  at  high ;  and  whether  more  oxygen  was  consumed  and 
more  heat  liberated  when  work  was  done.  His  experiments  in  this  direc- 
tion were  never  published  in  full,  owing  to  the  interruption  in  the  pub- 
lication of  the  Academy  Memoirs  caused  by  the  French  revolution,  and 
to  the  death  of  Lavoisier  on  the  guillotine  in  1794,  but  an  abstract 
had  been  published.  These  conclusions  are  fundamental  for  the  science 
of  nutrition.    They  are  as  follows : 

1.  A  man  in  repose  and  fasting  at  an  external  temperature  of  32.5° 
R.  consumed  per  hour  24.002  liters  O^. 

2.  A  man  in  repose  and  fasting  at  an  external  temperature  of  15°  R. 
consumed  per  hour  26.66  liters  oxygen. 

3.  A  man  during  digestion  consumed  per  hour  37.689  liters  oxygen. 

4.  A  man  fasting,  doing  work  necessary  to  raise  in  15  minutes  a 
weight  of  7.343  kilos  to  a  height  of  199.776  meters,  consumed  per  hou-: 
63.477  liters  dxygen. 
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5.  A  man  during  digestion  doing  a  similar  amount  of  work  con- 
sumed per  hour  91.248  liters  oxygen. 

Here  we  have  the  fundamental  observations  that  the  consumption  of 
oxygen  and  excretion  of  carbon  dioxide  are  increased  by  cold,  diminished 
by  warmth;  and  increased  by  work  and  by  digestion.  Furthermore, 
the  quantitative  data  are  given  for  man  himself. 

Lavoisier  sums  up  his  work  in  the  following  words :  ' '  Eespiration  is 
only  a  slow  combustion  of  carbon  and  hydrogen,  which  is  similar  in  all 
respects  to  that  which  takes  place  in  a  lamp  or  lighted  candle ;  and  from 
this  point  of  view  the  animals  which  respire  are  truly  combustible  bodies 
which  burn  and  consume  themselves."  "  In  respiration,  as  in  combus- 
tion, it  is  the  air  which  furnishes  oxygen  and  heat,  but  since  in  respiration 
it  is  the  substance  of  the  animal  itself,  it  is  the  blood,  which  furnishes  the 
combustible,  if  the  animals  do  not  habitually  repair  by  their  aliment  that 
lost  by  respiration,  the  oil  would  be  lacking  just  as  in  a  lamp ;  the  animal 
would  perish  like  a  lamp  extinguished  when  it  lacks  nourishment.  The 
proof  of  this  identity  of  respiration  and  combustion  is  deduced  imme- 
diately from  experiment."  "  In  concluding  these  reflections  upon  the 
results  which  have  preceded,  one  sees  that  the  animal  machine  is  princi- 
pally governed  by  three  regulatory  principles:  respiration,  which  con- 
sumes hydrogen  and  carbon  and  furnishes  heat;  transpiration,  which 
augments  or  diminishes,  following  the  necessity  of  getting  rid  of  more  or 
less  heat ;  and  digestion,  which  returns  to  the  blood  that  which  has  been 
lost  by  transpiration  and  respiration." 

I  have  dwelt  so  long  on  the  work  of  this  great  scientist  because  the 
discoveries  he  made  and  expressed  in  such  clear  and  beautiful  language 
are  the  fundamental  discoveries  of  our  science.  Of  that  wonderful  group 
of  brilliant  Frenchmen  who  lived  at  the  end  of  the  eighteenth  and  the 
beginning  of  the  nineteenth  century  he  was  one  of  the  greatest.  He 
terminates  his  last  Memoir  by  a  consolatory  reflection  wrung  from  him, 
no  doubt,  by  the  distracted  state  of  his  country  and  his  own  threatening 
future : 

"  We  will  terminate  this  memoir  by  a  consolatory  reflection.  It  is 
not  indispensable,  in  order  that  one  should  merit  well  from  humanity  and 
pay  a  tribute  to  his  country,  that  he  should  be  called  to  public  functions 
and  aid  in  the  organization  and  regeneration  of  empires.  The  physician, 
also,  in  the  silence  of  his  study  and  laboratory,  can  exercise  his  patriotic 
functions ;  he  can  hope  by  his  work  to  diminish  the  mass  of  evils  which 
aflBict  the  human  species,  to  augment  its  happiness  and  well-being;  and 
can  he  contribute  by  new  ways  which  he  discovers  to  the  prolongation  of 
some  years,  of  some  days  even,  of  the  average  human  life,  he,  also,  may 
aspire  to  the  glorious  title  of  benefactor  of  humanity." 

Where  in  the  body  is  the  heat  produced? — The  heat  and  the  energy 
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uf  the  body  were  thus  proved  by  Lavoisier  to  come  from  the  combustion 
of  the  materials  of  the  body.  We  may  now  consider  where  this  burning 
takes  place  by  which  carbon  dioxide  and  water  are  formed  and  heat 
set  free.  Lavoisier  left  this  question  undecided.  He  did  not  know 
whether  the  combustiQn  took  place  in  the  lungs,  or  whether  only  an 
exchange  of  gases,  of  oxygen  for  carbon  dioxide,  took  place  in  the  lungs, 
but  the  combustion  somewhere  else.  This  question  was  settled  by  the 
work  of  various  men.  Lagrange  objected  if  the  combustion  took  place 
in  the  lungs  the  amount  of  heat  the  body  gives  off  is  so  great  that  if  all 
were  liberated  there  it  would  injure  the  lung  tissue.  Spallanzani  showed 
that  all  kinds  of  animals,  whether  they  had  lungs  or  not,  gave  off  carbon 
dioxide  and  consumed  oxygen  and  liberated  heat.  He  took  the  lungs 
out  of  a  frog  and  found  that  the  animal  still  breathed  through  the  skin. 
Edwards  drew  hydrogen  gas  through  blood  and  found  that  the  blood  gave 
off  carbon  dioxide  and  oxygen  to  -the  hydrogen,  thus  showing  that  it 
already  contained  both  of  these  gases  before  it  reached  the  lungs.  Finally 
Magnus  in  1838  received  some  blood  under  the  receiver  of  an  air  pump 
and  demonstrated  that  there  was  a  large  amount  of  gas  in  blood  and 
that  venous  blood  contained  more  COj  and  less  oxygen  than  arterial 
blood.  These  facts  showed  that  only  an  exchange  between  the  gases  of 
the  blood  and  the  outside  air  took  place  in  the  lungs;  the  combustion 
took  place  somewhere  else.  This  conclusion  was  confirmed  by  measuring 
the  temperature  of  the  blood  going  to  the  lungs  and  that  of  the  blood 
coming  away.  The  blood  coming  away  was  cooler,  not  hotter.  It  should 
have  been  warmer  if  the  combustion  took  place  in  the  lungs.  On  the 
other  hand,  blood  coming  from  the  muscle  was  hotter,  not  cooler,  than 
that  going  to  it.  Bertholet  showed  that  muscles  became  hotter  during 
contraction.  Consequently  by  1850  it  was  believed  that  the  combustion 
took  place  either  in  the  blood  of  the  capillaries  in  the  organs  of  the  body 
or  in  the  organs  themselves.  Finally  by  the  work  of  Pfliiger  and  Hoppe- 
Seyler,  among  others,  it  was  shown  in  1870  that  the  blood  had  little 
power  of  combustion  and  that  combustion  took  place  in  the  tissues,  and 
indeed  in  the  living  matter  of  the  tissues.  The  union  of  oxygen  and 
living  matter,  or  combustion,  takes  place  and  carbon  dioxide  and  heat 
are  produced,  then,  in  the  living  cells  themselves.  The  real  respiration 
occurs  here.  It  is  the  living  matter  which  is  burning,  not  the  food  sub- 
stances circulating  in  the  blood. 

Origin  of  the  heat  set  free  on  combustion. — Where  is  the  heat  before 
it  appears  as  heat  ?  Is  it  in  the  foods,  or  in  the  oxygen,  and  in  what  form 
is  it?  This  was  long  a  puzzling  question  and  in  some  ways  it  still  is 
puzzling.  It  may  be  answered  tentatively  and  in  part  as  follows :  Both 
carbon  and  hydrogen  have  a  great  attraction  for  oxygen.  For  some 
reason,  not  at  present  understood,  an  atom  of  oxygen  and  an  atom  of 
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carbon  in  certain  conditions  attract  each  other  so  strongly  that  to  sepa- 
rate them  much  work  is  required.  A  similar  attraction  exists,  also, 
between  hydrogen  and  oxygen.  Why  the  union  between  hydrogen  and 
oxygen  should  be  so  much  firmer  than  between  other  elements  is  not  yet 
clear;  but  there  is  no  doubt  about  the  fact.  When,  therefore,  they  are 
separated,  energy  is  consumed;  and  this  energy  is  represented  by  the 
separate  positions  or  distance  apart  of  the  atoms.  It  is  energy  of  posi- 
tion or  potential  energy.  It  is  supposed  to  be  a  condition  of  strain  in  the 
ether  which  fills  all  space.  Light,  working  in  the  chlorophyll  parts  of 
plants,  is  able  to  bring  this  separation  to  pass.  The  light  energy  disap- 
pears and  is  represented  by  the  potential  energy  of  the  system  carbo- 
hydrate-oxygen. Now  for  some  reason  carbohydrate,  which  contains  both 
carbon  and  hydrogen,  does  not  combine  readily  with  oxygen  in  spite 
of  the  great  attraction  between  the  oxygen  and  carbon  atoms.  It  is 
as  if  there  was  some  resistance  in  the  way  of  their  union ;  but  under  the 
conditions  prevailing  in  protoplasm  this  resistance,  whatever  its  nature, 
disappears,  and  now  the  carbon  and  oxygen  atoms  rush  together  with 
great  violence,  drawn  by  their  mutual  attraction.  In  the  violence  of 
their  impact  they  rebound  and  vibrate  vigorously  back  and  forth.  Some- 
times this  vibration  is  so  fast  and  so  vigorous  as  to  give  rise  to  light. 
This  happens  in  the  phosphorescent  substances ;  in  other  cases  the  vibra- 
tion is  communicated  to  the  surrounding  molecules  and  is  gradually  dis- 
sipated in  longer  molecular  vibrations,  and  this  we  call  heat. 

Comparison  of  the  amount  of  heat  liberated  with  the  amount  cal- 
culated from  the  oxidation  of  the  carbon  and  hydrogen.  The  conserva- 
tion of  energy. — Having  shown  that  the  heat  and  energy  of  the  body 
come  from  the  oxidation  of  the  substances  of  the  body  and  chiefly  the 
carbon  and  hydrogen,  for  as  we  shall  see  nitrogen  leaves  the  body  in 
an  unoxidized  form,  chiefly  as  urea,  C0(NH2)2,  we  may  now  consider  the 
no  less  important  question:  Is  all  the  energy  of  the  body  due  to  oxida- 
tion ?  Has  the  body  no  other  source  of  energy  ?  Is  there  an  exact  balance 
of  the  energy  set  free  by  the  combustion  in  the  body  and  the  amount 
given  off  from  it?  Energy  may  leave  the  body  as  heat,  or  be  rendered 
latent,  that  is  changed  to  potential  energy,  in  the  evaporation  of  water 
or  in  the  doing  of  work.  Does  the  law  of  conservation  of  energy  hold  in 
living  things?  Has  man  no  other  source  of  energy  than  his  foods  and 
oxygen  ?  For  there  might  be  some  kind  of  radiant  energy  penetrating 
the  universe  which  is  neither  light  nor  heat,  nor  X-rays,  but  of  a  period 
of  vibration  of  such  a  character  that  it  might  be  absorbed  by  man's  body 
and  transformed  into  intellectual  or  physical  work.  Has  man  any  such 
source  of  energy?  This,  as  will  be  seen,  is  a  very  important  question 
and  one  which  has,  perhaps,  not  yet  been  absolutely  settled. 

If  there  were  a  kind  of  ray  of  radiant  energy  which  could  freely 
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penetrate  the  bones  of  the  skull  and  surrounding  tissues,  so  that  these 
were  transparent  to  it,  but  which  was  absorbed  by  some  of  the  con- 
stituents of  the  brain  cells  so  as  to  produce  metabolic  changes  in  them, 
it  might  be  possible  to  affect  the  brains  of  men,  or  portions  of  the  brains, 
or  other  organs,  directly  without  the  interposition  of  matter.  It  might 
in  this  way  be  possible,  if  the  wave  length  was  such  as  to  influence  only 
certain  specific  parts  of  the  brain,  to  set  going  processes  which  might 
result  in  definite  ideas  in  trained  minds.  There  is  hardly  any  question 
that  each  substance  has  its  own  absorption  spectrum,  although  that  spec- 
trum may  lie  in  the  ultra-violet  or  involve  wave  lengths  far  too  short 
for  the  substances  of  the  retina  to  perceive.  There  would  seem  to  be 
no  theoretical  objection  to  the  possibility  of  such  an  absorption  of  radiant 
energy  on  the  part  of  the  brain  or  other  tissues  of  the  body;  but  there 
is  as  yet  no  evidence  for  such  a  source  of  energy. 

Work  of  Dulong  and  Depretz. — Lavoisier,  in  the  rough  experiments 
which  had  sufficed  to  lead  him  to  such  correct  and  brilliant  conclusions, 
had  not  been  able  to  strike  an  exact  balance  between  the  income  and  outgo 
of  energy.  He  measured  as  heat  about  104  per  cent,  of  that  calculated 
from  the  combustion  of  the  carbon ;  if  he  added  to  the  calculated  amount 
the  amount  of  heat  computed  from  the  combustion  of  the  hydrogen,  then 
he  found  too  little.  The  result  was  not  satisfactory  when  left  in  this 
form.  Accordingly  the  French  Academy  offered  a  prize  for  an  investi- 
gation of  this  matter.  Two  investigations  were  undertaken,  one  by 
Depretz  and  the  other  by  Dulong.  Both  of  these  observers  improved  on 
Lavoisier's  methods  in  that  they  measured  the  heat  produced  and  the 
carbon  and  hydrogen  burned  at  the  same  time,  and  the  animal  was  kept 
at  -or  near  room  temperature.  They  weighed  the  carbon  dioxide  and 
water  given  off  while  the  animal  was  in  the  calorimeter.  They  made  use 
of  a  number  of  small  animals,  dogs,  rabbits,  birds,  etc.  They  made  what 
has  since  been  called  a  respiration  calorimeter,  the  heat  being  absorbed  by 
water  instead  of  ice.  Figure  35  shows  Dulong 's  calorimeter.  The  results 
obtained  by  these  observers  are  summed  in  the  table  after  correcting 
their  results  for  more  modern  values  for  the  heat  of  combustion  of  car- 
bon and  hydrogen. 

Dulong :  Animals  used :  dog,  rabbit,  pigeon,  cat,  fowl.  For  every  100 
calories  registered  by  the  calorimeter  that  calculated  from  the  respiration 
accounted  for: 

Minimum  79.2  cals. 

Maximum    99.4      " 

Mean    90.6     " 

Dppretz : 

Minimum     84.2      " 

Maximum    101.8      " 

Mean    92.3      " 
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Aa  will  be  seen,  they  were  unable  to  get  a  complete  agreement  between 
the  heat  calculated  from  the  products  of  respiration  and  that  measured, 
but  they  came  sufficiently  close  to  show  that  certainly  92  per  cent,  of  the 
heat  of  the  body  was  due  to  the  combustion.  These  observers  made  one 
observation  which  turned  out  to  be  of  great  importance.  They  found 
that  in  dogs  the  volume  of  carbon  dioxide  given  off  was  a  smaller  pro 
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Fig.  35. — Respiration  calorimeter  of  Dulong.  Tbe  air  enterefl  at  D,  and  after  passing 
tbrough  tbe  coll,  8,  passed  out  at  D'.  The  can  containing  the  rabbit  is  Immerse^  In 
the  water  of  tbe  calorimeter,  as  shown. 


portion  of  the  volume  of  the  oxygen  consumed  than  in  rabbits  and  fowls. 
They  suggested  that  this  might  be  due  to  a  difference  in  the  character 
of  the  food.  The  ratio  of  the  volume  of  carbon  dioxide  exhaled  to  that 
of  the  oxygen  consumed  (c.c.  of  CO2  exhaled  -=-  c.c.  0.,  consumed)  is 
called  the  respiratory  quotient.  This  suggestion  of  Dulong 's  has  proved 
to  be  correct  and  has  contributed  much  to  the  determination  of  the 
character  of  the  substance  burning  in  the  body. 

Respiratory  quotient.  Regnault  and  Reiset. — ^Dulong 's  suggestion, 
that  the  respii'atory  quotient  was  dependent  on  the  character  of  the  food, 
was  substantiated  by  Regnault  and  Reiset  in  what  is  one  of  the  funda 
mental  investigations  in  nutrition.  They  made  use  of  the  apparatus 
in  Figure  36,  which  is  essentially  a  closed  respiration  system  in  which 
oxygen  consumption  is  measured  directly.  They  measured  more  accu- 
rately the  ratio  of  carbon  dioxide  produced  to  the  oxygen  consumed, 
and  the  relation  of  the  respiratory  activity  to  the  size  of  the  animal. 
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They  made  two  fundamental  discoveries.  First,  that  as  required  by  the 
theory  of  Lavoisier,  those  animals  of  the  smallest  size,  and  consequently 
of  the  largest  surface  in  proportion  to  their  weight  so  that  the  radiation 
of  heat  was  a  maximum,  consumed  more  oxygen  per  gram  per  hour  and 
gave  off  relatively  more  carbon  dioxide  than  larger  animals  of  the  same 


Fig.  36. — Respiration  apparatus  of  Regnault  and  Keiset.  The  oxygen  was  supplied 
as  consumed  from  the  containers  N,  N'  and  JV"  and  the  CO  2  was  absorbed  by  the  absorption 
bulbs,  0  and  C,  which  were  alternately  moved  up  and  down.    The  system  was  closed. 

kind.  This  observation  of  the  relation  of  respiration  to  surface  was 
extended  by  Rubner  many  years  later  to  the  heat  production.  Smaller 
anijnals  produce  more  heat  per  gram  than  larger.  Second,  they  showed 
that  there  was  a  relationship  between  the  amount  of  the  oxygen  con- 
sumed and  the  amount  of  carbon  dioxide  exhaled  and  the  character  of 
the  food.  They  thus  discovered  what  is  now  known  as  the  dependence 
of  the  respiratory  quotient  on  diet,  a  possibility  suggested  by  Dulong. 


COj/Oj  ratio  and  its  dependence  on  diet: 


Regnault  and  Reiset. 

Animal  Diet  c.c.COj/c.c.Oj 

Rabbit    Cariota  and  vegetables 0.92 

Dog  Bread    0.93 

Lean  meat  0.74 

Fat  meat   0.69 

Fowl   Grains    0.93 

Bread    0.97 

Meat   0.68 

Those  foods  consisting  chiefly  of  carbohydrate  gave  a  high  respiratory 
quotiont ;  those  of  protein  were  intermediate ;  and  foods  containing  much 
fat  produced  the  lowest  quotient. 
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Cause  of  the  variation  of  the  respiratory  quotient  with  diet. — The 
reason  why  the  respiratory  quotient  varies  with  the  nature  of  the  mate- 
rials being  oxidized  in  the  body  is  the  following :  Carbohydrates,  having 
the  general  formula  CuH^nOu,  already  have  in  their  molecules  sufficient 
oxygen  to  oxidize  all  of  the  hydrogen  to  water.  This  leaves  only  the 
carbon  to  be  oxidized  by  the  oxygen  consumed  in  respiration.  Each  mole- 
cule of  oxygen  consumed  combines  then  with  an  atom  of  carbon  to  make 
one  molecule  of  carbon  dioxide.  Since  both  carbon  dioxide  and  oxygen 
are  gases,  they  follow  Avogadro's  law,  according  to  which  the  same  num 
ber  of  molecules  of  every  gas  occupies  the  same  space  at  the  same  tem- 
perature and  pressure.  Accordingly  the  volume  of  the  carbon  dioxide 
exhaled  equals  the  volume  of  oxygen  inhaled  and  the  respiratory  quotient 
for  a  carbohydrate  is  unity. 
C  H    0  — 6H  0 C      ;     6C  +  60    ►  600     ;    vol.  6C0  /vol.  of  60    ►  1, 

6      12     82  e'T^2  2'  2'  2 

There  is  not  sufficient  oxygen  in  the  molecule  of  fats  to  oxidize  thu 
hydrogen  of  the  molecule,  consequently  a  portion  of  the  oxygen  consumed 
will  not  reappear  in  the  form  of  carbon  dioxide,  but  in  that  of.  water. 
The  respiratory  quotient  will  hence  be  less  than  unity  when  fat  is  burn- 
ing in  the  body. 

1.  C  H    0  —fill  0   ►  C  H 

B7      110     8  2  57     98 

Tristearine. 

2.  C    H     +  81.5  0     —   5700   +  49H  O 

67      98     1^  2  2'^  2 

3.  Vol.  of  57CO  /vol.  81.5  0 0.7 

2'  2 

In  burning  tristearine,  then,  only  57  volumes  of  carbon  dioxide  are 
exhaled  for  each  81.5  volumes  of  oxygen  consumed,  the  respiratory  quo 
tient  when  fat  is  burning  is  then  57/81.5  or  about  0.7.  For  triolein 
it  would  be  a  little  higher  than  this,  since  there  are  six  less  hydrogen 
atoms  in  the  molecule. 

For  protein  the  respiratory  quotient  lies  between  the  two,  since  the 
protein  molecule  contains  a  larger  proportion  of  oxygen  than  the  fafos 
and  less  than  the  carbohydrates.  For  a  protein  the  ratio  COj/Oj  is 
about  0.8. 

In  the  preceding  computations  it  has  been  assumed  that  the  oxidation 
is  complete  to  carbon  dioxide  and  water.  In  no  case,  however,  does  the 
oxidation  in  the  body  go  completely  to  carbon  dioxi<de  and  water.  Small 
fragments  of  the  molecules  partly  oxidized  are  to  be  found  in  the  urine. 
This  error  is  practically  negligible  in  the  ease  of  the  carbohydrates.  In 
round  numbers  the  respiratory  quotient  of  a  carbohydrate  is  taken  as. 
unity ;  of  a  fat  as  .71  and  of  a  protein  as  .8.  If  the  respiratory  quotient 
is  high,  carbohydrate  is  supposed  to  be  oxidizing  in  the  body.  If  it  is  low, 
fat  is  burning.  It  is  clear  that  in  anaerobic  respiration,  and  all  tissues 
may  have  some  anaerobic  respiration  for  a  short  time,  carbon  dioxide  is. 
liberated,  although  no  atmospheric  oxygen  is  consumed.     For  short 
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periods,  therefore,  the  amount  of  carbon  dioxide  exhaled  may  be  greater 
than  that  of  oxygen  inhaled,  giving  a  respiratory  quotient  greater  than 
unity.  For  other  short  periods  oxygen  may  be  stored,  that  is  combined 
without  the  production  of  an  equivalent  part  of  carbon  dioxide,  the  oxi- 
dation not  being  complete.  In  experiments  extending  over  24  hours 
or  several  days,  however,  these  irregularities  more  or  less  completely 
neutralize  each  other,  since  in  the  long  run  the  oxygen  of  the  CO2  comes 


Fig.  37. — Eubner's  respiration  calorimeter  for  animals. 

directly  or  indirectly  from  the  oxygen  of  the  air,  at  least  in  the  higher 
animals. 

Proof  of  the  conservation  of  energy  in  the  body.  Rubner. — It  was 
still  uncertain  from  these  determinations  whether  the  income  and  outgo 
of  energy  of  the  body  could  be  balanced.  It  was  necessary,  if  a  complete 
energy  balance  was  to  be  had,  to  measure  not  only  the  energy  of  the 
food  taken,  but  that  still  left  in  the  feces  and  urine.  The  final  proof 
that  such  a  balance  exists  and  that  the  law  of  conservation  of  energy 
holds  for  the  highest  animals  was  not  given  until  1892.  It  was  the  work 
of  the  German  physiologist  Rubner. 

In  1892  Rubner  had  constructed  for  him  a  very  accurate  respiration 
calorimeter.  Figure  37.  The  calorimeter  was  kept  as  nearly  as  possible 
at  a  constant  temperature  and  at  the  temperature  of  the  room ;  and  the 
heat  produced  by  an  animal  in  the  calorimeter  raised  the  temperature  of 
the  air  passing  through  the  apparatus  and  could  thus  be  measured. 
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The  calorimeter  was  large  euough  to  receive  a  dog  and  permitted  the 
simultaneous  examination  of  the  water  and  carbon  dioxide  produced. 
The  urine  and  feces  were  collected  and  examined  for  the  amount  of 
potential  or  unconsumed  energy  they  contained,  and  the  experiments 
were  continued  each  time  for  several  days.  The  amount  of  potential 
energy  contained  in  the  food  was  carefully  determined.  With  this 
apparatus  Rubner  was  able  to  get  the  results  a  few  of  which  are  shown 
in  the  table.' 

COMPABISON    OF    THE    HeAT    ACTUAIXY    PKODUCED    WITH    THAT    COMPUTED    FROM    THK 

Metabolism. 

Heat  calculated  Heat  directly 

Diet               Number  of             from  metabolism  determined  Difforenci'-  - 

days                             Cals.  Cals.  per  cent. 

„,          ,.                       (5                             1296.3  1305.2  —1.42 

Starvation    -J    g                            1091.2  1056.6 

Fat    5                           1510.1  1498.3  —0.97 

Meat  and  fat  i     »  2492.4  2488.0 

Meat  ana  tat  ...  j  ^^  ^^g^  ^  gg.g^ 

Meat  ]     6  2249.8  2276.9  —0.42 

j     7  4780.8  4769.3  +0.43 

The  amount  of  heat  given  off  under  varying  conditions  of  fasting  and 
different  diets  was  found  to  be  very  close  to  the  amount  of  heat  calcu- 
lated as  set  free  by  the  combustion  of  the  foods.  The  maximum  varia- 
tion was  some  1.5  per  cent,  from  the  calculated  and  in  some  cases  th-a 
two  values  agreed  almost  exactly.  By  these  experiments,  then,  Lavoi- 
sier's theory  of  the  source  of  animal  energy  and  heat  was  demonstrated 
to  be  true.  Instead  of  92  per  cent,  of  the  calculated  energy  being  found, 
with  the  improvement  in  method  and  data,  99  per  cent,  of  the  energy  of 
the  body  was  accounted  for  and  the  other  1  per  cent,  lay  within  the  limits 
of  error  of  the  method. 

From  these  experiments  Eubner  established  the  fundamental  law  of 
animal  thermodynamics :  Energy  is  neither  created  nor  destroyed  in  thi 
animal  body.  The  energy  appearing  as  free  energy  is  exactly  equal  to 
the  energy  of  the  materials  burned.  Conservation  of  energy  is  as  true 
within  the  animal  body  as  elsewhere  in  nature.  The  animal  behaves  in 
all  respects  like  a  machine.  But  the  error  of  1  per  cent,  was  still  too 
large.  It  was  desired  to  test  the  law  on  man  himself  and,  moreover,  to 
carry  out  on  him  experiments  in  nutrition.  The  ultimate  aim  of  all 
physiological  inquiry  is  to  enlarge  man's  knowledge  of  himself  and  to 
enable  him  to  control  the  living  world.  It  might  still  have  been  truo 
that  man  had  some  unknown  source  of  energy  different  from  other  ani- 
mals, although  this  was  unlikely.  For  the  purpose  of  studying  the  nutri- 
tion of  man,  calorimeters  had  to  be  constructed  which  should  be  large 
enough  to  accommodate  a  man.  The  best  of  these  calorimeters  was  first 
constructed  in  this  country  in  Middletown  (Conn.)  in  the  laboratories 
of  Wesleyan  University.  In  the  computations  which  follow  the  calories 
referred  to  are  always  kiolgram  or  large  calories. 

'  Lusk :  Science  of  Nutrition.    2nd  edition,  p.  42. 
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The  Atwater-Rosa-Benedict  calorimeter. — The  following  descrip- 
tion of  the  Atwater-Rosa-Benedict  calorimeter  is  taken  from  the  report 
of  Benedict  and  Milner.^  Figure  38.  "  The  respiration  apparatus  Is  in 
principle  essentially  the  same  as  that  of  Regnault  and  Reiset,  that  is  a 
so-called  closed  circuit  apparatus.  The  same  current  of  air  is  kept  in 
circulation  through  the  chamber,  the  carbon  dioxide  and  water  vapor 
imparted  to  it  by  the  subject  being  removed  as  it  is  withdrawn  from  the 


e 


i 


Kio.  38. — Diagram  of  Atwater-Bosa-Benedlct  respiration  calorimeter  for  buman  beings 
(Benedict  and  Milner). 


chamber  and  oxygen  restored  to  it  as  it  is  returned  to  the  chamber." 
The  quantities  of  carbon  dioxide  and  water  removed  from  the  air  and 
of  oxygen  supplied  to  it  are  ascertained  as  follows :  The  carbon  dioxide 
is  absorbed  by  the  soda  lime  tubes  C  and  B  in  the  figure,  which  are 
weighed  on  an  accurate  balance :  the  water  is  absorbed  by  the  sulphuric 
acid  absorber  just  before  the  soda  lime  tubes;  the~ amount  of  oxygen  is 
determined  by  weighing  the  bomb  containing  compressed  oxygen  before 
and  after  the  period  of  observation.  Of  course,  corrections  have  to  be 
made  for  the  water  condensed  in  the  chamber  about  the  water  pipes 
which  carry  away  the  heat;  and  for  the  composition  of  the  air  left  in 
the  chamber  at  the  end  of  the  experiment.  The  air  is  caused  to  circu- 
'  Benedict  and  Milner:  Experiments  on  the  Metabolism  of  Matter  and  Energy 
in  the  Human  Body,  1903-1904.    U.  S.  Dept.  Agriculture,  Bulletin  175. 
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late  by  the  rotary  blower  which  goes  at  such  a  speed  that  75  liters  of  air 
a  minute  are  drawn  from  the  chamber.  To  provide  for  the  expansion  or 
contraction  of  the  air  due  to  changes  of  barometric  pressure,  or  of  slight 
changes  of  temperature  in  the  apparatus,  the  pan  6.  which  is  provided 


^'.'■k't.k'.^^'.'.k'.'.^'.i.k'.'.-.'.'.i.k^-.^'.i 
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FiQ.  39. — Vertical  cross  section  of  the  calorimeter  showing  wooden   outer  walls  and 
zinc  and  copper  inner  walls  and  air  spaces   (Atwater  and  Benedict). 


with  a  rubber  disk,  which  rises  or  falls  as  the  pressure  is  greater  or  less 
than  that  in  the  outer  air,  is  put  into  the  circuit. 

The  calorimeter. — "  The  device  employed  in  these  investigations 
combines  a  respiratory  apparatus  and  a  calorimeter  in  the  same  con- 
struction, and  the  determination  of  the  heat  output  of  the  subject  is  made 
concurrently  with  the  measurements  of  the  respiratory  products  and 
oxygen.  Figure  39.  The  apparatus  is  so  devised  and  manipulated  that 
the  passage  of  heat  through  the  walls  of  the  chamber  is  prevented,  and 
the  heat  evolved  by  the  subject  cannot  escape  in  any  other  way  than 
that  provided  for  carrying  it  out  and  measuring  it.    A  small  quantity 
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leaves  the  chamber  as  latent  heat  of  water  vapor,  but  the  major  portion 
is  sensible  heat  absorbed  by  a  current  of  cold  water  passing  through  a 
coil  of  pipe  within  the  chamber."  "  The  principle  of  construction  of 
the  calorimeter  as  a  whole  is  much  like  that  of  an  ordinary  refrigerator, 
namely,  a  chamber  surrounded  by  a  series  of  confined  air  spaces.  The 
walls,  ceiling  and  floor  of  the  calorimeter  chamber,  which  is  of  course 
the  respiration  chamber,  are  copper.  On  all  sides  of  the  chamber  the 
copper  is  attached  to  a  wooden  framework,  to  the  outside  of  which  is 
fastened  a  zinc  shell  concentric  with  that  of  the  copper,  a  dead  air  space, 
about  three  inches  across,  separating  the  two  metal  shells.  About  three 
inches  outside  of  the  zinc  is  a  concentric  shell  of  wood,  and  an  equal 
distance  from  this  is  the  outer  wooden  structure.  The  space  between  the 
zinc  and  the  inner  wooden  shell  is  the  '  inner  air  space,'  and  that 
between  the  two  wooden  shells  is  the  '  outer  air  space,'  both  of  which 
are  thus  designated  hereafter.  The  wooden  casing  surrounding  the 
chamber  on  all  sides,  and  especially  the  air  spaces  with  the  devices  for 
heating  and  cooling  them,  afford  means  for  controlling  the  temperature 
of  the  zinc  wall  and  protecting  it  against  fluctuations  in  temperature  of 
the  air  surrounding  the  outer  wooden  casing." 

Gain  or  loss  of  heat  through  the  metal  walls  of  the  chamber  is  pre- 
vented "by  keeping  the  zinc  wall  at  the  same  temperature  as  the  copper, 
in  which  case  there  will  be  no  exchange  of  heat  between  them.  For  this 
purpose  provision  is  made  for  heating  or  cooling  the  inner  air  space, 
and  thus  heating  or  cooling  the  zinc.  The  heating  is  accomplished  by 
passing  a  current  of  electricity  through  a  German  silver  resistance  wire 
installed  in  the  space,  the  amount  of  heat  being  controlled  by  a  rheostat 
on  the  observer's  table.  For  cooling,  a  current  of  water  is  passed  through 
a  small  brass  pipe  in  the  same  space. 

Similar  provision  is  made  for  heating  or  cooling  the  outer  air  spafte 
to  aid  in  protection  against  changes  in  temperature  of  the  air  of  the  labo- 
ratory. "  The  attempt  is  made,  of  course,  to  keep  the  temperature  of  the 
laboratory  as  near  as  possible  to  that  of  the  interior  of  the  calorimeter. 
In  order  to  know  whether  to  heat  or  cool  the  zinc  wall,  it  is  necessary 
to  know  whether  it  is  hotter  or  colder  than  the  copper.  For  this  pur- 
pose thermo-electric  elements  of  iron  and  German  silver  wire  are 
installed  between  the  two  metal  walls  in  such  a  way  that  one  end  of 
each  element  is  in  thermal  contact  with  the  copper  and  the  other  with  the 
zinc  wall,  and  are  connected  with  a  delicate  galvanometer  on  the  observ- 
ers' table.  The  difference  between  the  temperature  of  the  copper  wall 
at  one  end  of  the  elements  and  that  of  thie  zinc  wall  at  the  other  end  is 
indicated  by  the  deflections  on  the  galvanometer,  one  direction  showing 
that  the  zinc  is  cooler,  the  other  that  it  is  warmer  than  the  copper^  and 
accordingly  whether  to  heat  or  cool." 
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The  arrangements  are  made  in  such  a  way  that  it  is  possible  to  heat 
the  bottom,  top  or  sides  separately. 

"  In  order  that  the  chamber  will  neither  gain  nor  lose  heat  by  changes 


in  temperature  of  the  air  current,  the  temperature  of  the  ingoing  air  is 
kept  the  same  as  that  of  the  air  leaving  the  chamber.  A  system  of  thermal 
junctions  is  installed  with  one  end  in  the  ingoing  and  the  other  in  the 
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outgoing  air,  and  provision  is  made  for  heating  or  cooling  the  ingoing  air 
as  indicated  by  the  galvanometer  deflections. ' ' 

Removal  of  heat  from  the  chamher.  A  portion  of  the  heat  generated 
within  the  chamber  is  carried  out  as  latent  heat  of  water  vapor  in  the 
air  current.    The  major  portion,  however,  is  removed  by  a  current  of 


Fia.  40A. — Diagram  of  the  respiration  calorimeter  laboratury   (Benedict); 

cold  water  which  passes  through  a  pipe  extending  around  the  chamber 
near  the  ceiling  and  absorbs  the  heat.  To  increase  the  heat-absorbing 
area  a  large  number  of  copper  disks  are  soldered  along  the  pipe. 

It  has  been  stated  that  an  effort  is  made  to  extract  the  heat  just  as 
fast  as  it  is  produced,  and  thus  maintain  a  comparatively  constant  tem- 
perature in  the  chamber.  To  this  end  it  is  necessary  that  the  rate  of 
absorption  may  be  accurately  controlled.  This  is  accomplished  in  three 
ways:  First,  by  increasing  or  diminishing  the  rate  of  flow  of  water 
through  the  pipe ;  second,  by  raising  or  lowering  the  temperature  of  the) 
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water  entering  the  heat-absorber;  and  third,  for  the  finer  regulation, 
exposure  of  the  absorbing  area  to  the  heat  may  be  increased  or  diminished 
by  raising  or  lowering  the  metal  shields  which  partially  surround  the 
pipe  and  disks.  As  the  shields  are  raised  they  become  filled  with  cold  air 
and  act  as  insulators ;  when  they  are  lowered  a  greater  absorption  area 
is  exposed. 

Determination  of  the  quantity  of  the  heat  evolved.  "  The  tempera- 
ture of  the  air  within  the  calorimeter  is  accurately  determined  by  means 
of  resistance  coils  of  copper  wire  placed  in  different  parts  of  the  chamber. 
The  variations  in  temperature  shown  are  always  small,  generally  amount- 
ing to  not  over  a  few  hundredths  of  a  degree,  since  the  rate  of  abstrac- 
tion of  heat  may  be  regulated  so  closely  in  accordance  with  that  at  which 
it  is  produced.  The  heat  removed  from  the  chamber  as  latent  heat  of 
water  vapor  in  the  air  current  is  computed  from  the  weight  of  water 
absorbed  from  the  air  and  the  factor  for  latent  heat  of  vaporization. 
According  to  the  best  available  data,  it  requires  0.592  Calory  (kilogram 
calory)  to  vaporize  one  gram  of  water.  This  factor  is  used  in  these 
computations.  The  amount  of  heat  removed  from  the  chamber  by  the 
cold  water  passing  through  the  heat-absorbers  is  computed  from  the 
amount  of  water  that  passes  through  the  pipe  and  its  rise  in  temperature 
during  its  passage.  The  quantity  of  water  passing  through  the  absorber 
is  determined  by  weighing  on  a  special  device.  The  rise  in  temperature 
is  determined  by  observation  of  carefully  calibrated  mercury  thermome- 
ters whose  bulbs  are  immersed,  one  in  the  ingoing  and  the  other  in  tlic 
outgoing  water.  These  are  read  every  two  to  four  minutes,  according 
to  the  rate  at  which  the  temperature  is  changing.  Corrections  in  readings 
are  made  for  the  effect  of  pressure  of  water  on  the  bulb  of  the  ther- 
mometer. In  calculating  the  quantity  of  heat  removed  from  the  chamber 
by  the  water  current,  the  specific  heat  of  water  at  20°  C.  is  taken  as 
unity,  and  the  results  are  all  expressed  as  calories  at  20°. 

' '  The  sum  of  the  two  quantities  of  heat  determined  as  just  described 
comprises  practically  that  evolved  within  the  chamber,  though  allowance 
is  made  for  certain  small  quantities  involved  in  the  change  of  tempera- 
ture of  the  calorimeter,  and  in  the  passage  of  objects  into  or  out  of  the 
chamber  through  the  food  aperture  at  a  temperature  different  from  that 
of  the  chamber." 

Appointments  of  the  respiration  chamber.  The  respiration  chamber 
is  7  feet  6  inciies  long,  4  feet  wide  and  6  feet  6  inches  high,  the  dimen- 
sions being  such  as  to  allow  a  man  to  stand  or  lie  down  at  full  length, 
or  even  to  move  about  to  a  limited  extent.  In  one  end  is  an  opening 
through  which  a  subject  enters  or  leaves  the  chamber  at  the  beginning 
or  end  of  an  experiment.  During  an  experiment  this  is  closed  by  glass, 
tightl"  sealed  in  place  and  serves  as  a  window,  admitting  ample  light 
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for  reading  and  writing.  In  the  opposite  end  of  the  chamber  is  a  sjmaller 
opening  known  as  the  food  aperture,  through  which  receptacles  for  food, 
drink,  excreta  and  other  articles  may  be  passed  in  the  course  of  an 
experiment.  Within  the  chamber  are  a  chair,  a  table  and  a  bed,  all  of 
metal  and  all  of  which  may  be  folded  and  put  aside  when  not  in  use. 
For  experiments  in  which  muscular  work  is  performed,  a  device  by  means 
of  which  the  amount  of  work  done  may  be  measured  is  provided.  There 
is  a  telephone  for  communication  with  persons  on  the  outside.  The 
arrangement  of  the  furniture,  bed,  shelving,  etc.,  in  the  space  available 
is  such  as  to  make  the  subject  comfortable  during  an  experiment  which 
may  continue  for  two  weeks. 

Testing  the  accuracy  of  the  apparatus.  To  test  the  accuracy  of  the 
calorimeter  and  the  respiration  apparatus  alcohol  is  burned  in  the 
calorimeter.  The  results  of  such  a  test  are  given  in  the  following 
table : 

Result  op  a  Typical  Alcohol  Check  Expebimbnt. 


Duration 

Alcohol 
Burned 

Carbon  Dioxide              | 

Water 

Date 

Found 

Required 

Per  cent. 
Theory 

Found 

Required 

Per  cent. 
Theory 

Dec.  16-17 

urs.  mm. 

2     30 

5     15 

11     25 

2     05 

Grams 

50.22 

101.76 

•212.59 

40.14 

Grams 

86.02 

174.27 

369.63 

70.96 

Grams 

87.30 

175.84 

369.53 

69.77 

98.54 

99.11 

100.03 

101.70 

Grams 

58.47 

115.73 

248.24 

46.52 

Grams 

58.16 

117.15 

246.20 

46.49 

100.53 
,  98.79 
100.83 
100.07 

Total 

21      15 

404.71 

700.88 

702.44 

99.78 

468.96 

468.00 

100.21 

Date 

Oxygen  consumed 

Heat 

Found 

Required 

Per  cent. 
Theory 

Found 

Required 

Per  cent. 
Theory 

Deo.  16-17 

Grams 

96.48 

183.02 

405.37 

78.27 

Grams 

95.23 

191.83 

403.14 

76.12 

101.31 

95.41 

100.55 

102.83 

Calories 
295.10 
582.18 

1223.20 
233.13 

Calories 
288.98 
582.10 

1223.29 
230.98 

102.11 
100.00 
100.00 
100.92 

Total 

763.14 

766.32 

99.59 

2333.61 

2325.35 

100.36 

What,  then,  has  been  the  result  obtained  by  this  most  accurate 
calorimeter  in  answer  to  the  question  with  which  this  chapter  started- 
namely,  Does  the  amount  of  latent  and  active  heat  and  external  work 
done  equal  the  amount  of  heat  which  is  calculated  from  the  oxidation 
of  the  protein,  carbohydrate  and  fat  of  the  body  and  that  of  the  food  ? 
The  following  table  taken  from  Benedict  and  Milner  summarizes  all  the 
experiments  which  have  been  tried  up  to  the  date  of  publication  of  the 
bulletin  by  this  calorimeter.  It  was  believed  that  by  taking  a  large 
number  of  observations  the  accidental  errors  would  very  largely  elimi- 
nate each  other.  By  the  net  income  is  meant  the  heat  calculated  from 
the  combustion  of  the  foods  and  the  material  of  the  body,  when  there 
has  been  a  change  of  weight,  less  the  lieat  of  "ombustion  of  the  feces  and 
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urine.    By  the  net  outgo  is  meant  the  total  outgo,  including  the  heat 

measured  by  the  calorimeter,  the  heat  made  latent  by  the  evaporation  of 

water  and  the  heat  equivalent  of  the  external  work  done. 
ToTAi  Income  and  Outgo  of  Enebgt. 


bubjeciH  and  kinds  of  experiments. 
Diet 

Dura- 
tion 

Net 
income 

• 
Net  outgo 

Difference  in  terms  of  net 
income 

Rest  Expekimbhts 
H.  F.       Carbohydrate 
B.  F.  D. 
A.  L.  L. 

Days 
3 
3 
4 

Calories 

5,678 

6,441 

10,458 

Calories 

5,712 

6,683 

10,301 

Calories 

34 

242 

157 

Per  cent. 
0.6 
3.7 
1.5 

Total,  5  rest  experiments 
Total,  22  previous  rest 
experiments 

10 
67 

22,577 
151,638 

22,696 
152,051 

119 
413 

0.5 
0.3 

Total  all  experiments 

77 

174,215 

174,747 

532 

0.3 

Work  Exferimbnts 
J.  C.  W.  Fat  diet 
J.  C.  W.  Carbohydrate 
B.  F.D.    . 
A.  L.  L. 

A.L.L.  Fatdiet 
A.  L.  L-     "      "    severe  work 

3 
3 

1 
3 
3 

1 

15,423 
16,378 

4-,463 
14,257 
14,792 

7,185 

15,852 
16,304 

4,565 
14,464 
14,671 

7,137 

42U 
74 
102 
207 
121 
48 

2.7 
0.5 
2.2 
1.5 

U.8 
0.7 

Total  6  work  expts. 
Total  23  previous  expts. 

14 
76 

72,498 
346,167 

72,993 
345,641 

495 
■526 

l).7 
0.2- 

Tot^I,  all  work  experiments 

90 

418,665 

418,634 

31 

0.0 

The  difference  between  the  total  Calories  computed  and  those  actu- 
ally measured  in  the  whole  series  of  experiments,  both  those  reported 
here  and  those  previously  reported,  amounted  to  only  501  Calories  in 
a  total  of  592,880  computed,  or  a  difference  of  only  0.1  per  cent.  The 
individual  experiments  show,  to  be  sure,  a  larger  deviation,  particularly 
when  they  are  for  short  periods  of  a  day  or  two,  but  this  deviation  is 
certainly  within  the  limits  of  error  of  the  method  and  probably  depends 
on  the  use  of  factors  not  exactly  correct  for  the  computation  of  the  poten- 
tial energy  of  the  foods  used  in  the  body;  or  they  come  from  errors  in 
the,  estimation  of  the  amount  of  energy  in  the  feces.  It  is  difficult  to 
determine  exactly  the  feces  which  correspond  to  the  periods  under 
examination,  when  these  periods  are  short. 

It  may  be  said,  therefore,  as  the  result  of  these  and  other  experiments, 
that  the  conclusion  of  Lavoisier  is  correct  and  that  the  combustion  of  the 
materials  of  the  body  is  the  sole  source  of  energy  of  the  human  body,  as 
far  at  least  as  our  methods  permit  us  at  present  to  determine.  The  law 
of  the  conservation  of  energy  .applies  to  the  human  machine  as  well  as 
to  the  inanimate  world. 

How  much  energy  does  the  combustion  of  a  gram  of  various  foods  yield 
the  body;  do  all  foods  serve  equally  well  for  the  production  of  the  heat  and 
energy  of  the  body?    Having  shown  that  the  source  of  the  energy  and  heat  is  the 
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oxidation  of  the  materials  of  tlip  tissues  and  that  tliere  is  an  equivalence  between  tlie 
heat  and  work  actually  produced  and  that  computed  from  the  carbon  dioxide  and  watei 
formed  by  the  combustion,  we  may  ask  the  farther  question  whether  proteins,  carbo- 
hydrates and  fats  serve  equally  well  as  sources  of  energy.  If  we  wish  to  do  muscular 
work,  is  the  energy  for  that  work  obtained  with  equal  ease  from  the  fat,  carbohy- 
drate, or  protein  ?  Have  the  foods  an  isodynamie  value  as  heat  and  energy  producers  1 
This  question  may  in  its  solution  also  throw  light  on  the  other  question  of  whether 
the  energy  of  the  muscles  comes  mainly  from  carbohydrates,  or  fats,  or  proteins. 

This  question  is  one  which  may  be  attacked  and  partially  solved  by  the  use  of 
the  calorimeter,  and  in  order  that  the  method  of  attack  may  be  understood  I  have 
presented  in  some  detail  the  results  of  a  most  carefully  conducted  experiment  of  this 
kind  reported  by  Benedict  and  Milner.  The  object  of  this  experiment  was  to  dis- 
cover whether  fats  or  carbohydrates  serve  best  as  sources  of  muscular  energy.  To 
solve  this  question  a  man  entered  the  calorimeter  and,  while  on  a  diet  in  which  most 
of  the  energy  was  in  the  form  of  fat,  he  did  a  heavy  day's  work  by  riding  a  sta- 
tionary bicycle  which  was  geared  to  a  dynamo  so  that  the  amount  of  the  work  done 
could  be  measured.  A  second  period  of  observation  followed  of  three  days'  duration 
during  which  he  did  as  nearly  as  possible  the  same  amount  of  work,  but  in  this  his 
main  source  of  energy  was  in  the  carbohydrate  of  the  diet. 

Many  other  interesting  facts  will  appear  also  from  this  experiment,  namely, 
the  amount  of  energy  in  the  feces  and  urine,  the  proportion  of  the  total  energy  con- 
sumed which  appears  in  the  form  of  work  done,  in  other  words  the  efficiency  of  the 
human  machine,  the  volume  of  oxygen  consumed  per  day  by  a.  man,  the  weight  of 
carbon  dioxide  and  water  given  oflF.  The  methods  of  computation  of  the  results  are 
no  less  interesting. 

The  subject  after  a  preliminary  digestion  experiment  of  four  days'  duration 
entered  the  calorimeter  at  10  p.m.  The  experiment  in  the  calorimeter  began  at  7 
the  next  morning  and  continued  for  three  days.  The  object  of  the  first  experiment  was 
to  test  the  value  of  fat  as  a  source  of  energy  as  compared  with  carbohydrate.  The 
diet  for  this  period  was,  therefore,  a  fat  diet.  He  rode  the  bicycle  for  six  hours 
a  day.  The  feces  were  marked  oil  by  taking  charcoal  before  entering  the  chamber 
and  at  the  end  of  the  period.  The  feces  between  the  passage  of  the  two  charcoal 
markers  corresponded  to  the  period  under  observation.  The  daily  regime  was  as 
follows:  The  subject  was  called  at  7  a.m.  He  took  his  pulse  and  temperature,  voided 
his  urine,  and  weighed  himself.  He  then  collected  the  water  from  the  drip  on  the 
heat-absorbers  in  dry,  weighed  bottles  and  weighed  the  absorbers  to  ascertain  the 
amount  of  water  adherent  to  them.  He  had  breakfast  and  began  work  at  8.15.  The 
food  was  carefully  analyzed  and  weighed.  All  water  that  he  drank  was  measured. 
The  feces  were  collected  in  a  closed  can.  The  perspiration  in  his  clothing  was 
measured  by  weighing  his  underclothing  when  dry  and  after  exercise.  The  nitrogen 
secreted  in  the  perspiration  was  also  determined  by  examining  the  wash  water  from 
the  underclothing.  It  amounted  to  about  0.5  gram  per  day.  The  di:»t  was  very 
simple  and  consisted  of  bread,  ginger  snaps,  shredded  wheat,  butter,  milk  arid  cream 
and  an  infusion  of  cereal  eofl'ee. 

The  diet  contained  approximately  110.9  grams  of  protein,  450  grams  of  carbo- 
hydrate and  350  grams  of  fat.  The  total  heat  of  combustion  of  the  foods  eaten  was 
on  the  average  5,550  Calories  per  day.  Of  this  amount  the  total  energy  from 
the  fat,  since  this  was  butter  fat,  was  9.3  Calories  per  gram  or  a  total  of  3,100  to 
3,350  Calories  or  about  60%  of  the  total  energy  intake.  These  results  more  in  detail 
for  the  first  day  aro  given  in  the  accompanying  table. 
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It  will  be  noticed  by  inspecting  the  last  column  of  this  table  that  of  the 
5,550  Calories  contained  in  the  food,  300  Calories  per  day  appeared  in  the  feces  and 
on  the  average  about  138  Calories  in  the  urine,  making  all  told  about  8%  of  the 
total  food  Calories  which  were  not  set  free  in  the  body  but  which  were  re-excreted. 
About  92%  of  the  heat  of  the  food  was  utilized  or  was  available  to  the  body. 

It  will  be  remembered  that  Lavoisier  found  that  the  oxygen  consumption  of  a 
man  doing  work  was  about  90  liters  per  hour.  The  average  in  the  table  on  page  203 
for  the  whole  day  was  about  41  liters  per  hour.  Lavoisier  found  for  a  man  at  rest 
but  digesting  about  37  liters  per  hour.  The  respiratory  quotient  of  0.815  is  rather 
high  for  a  diet  containing  as  much  fat.    It  is  due  to  the  fact  that  there  was  a  good 


ANIMAL    HEAT 


293 


deal  of  carbohydrate  also  present  and  the  respiratory  quotient  when  carbohydrntna 
are  burned  is  very  nearly  1.  When  fat  alone  is  burned  the  whole  respiratory 
quotient  should  be  0.71. 

Water  and  Cabbon  Dioxide  Given  Off  and  Oxygen  Consumed.    The  Outgo  of 
Water  and  Carbon  Dioxide  and  the  Consumption  of  Oxygen. 


Water  of 

reepu-iition 

and  perepira- 

tion 

Carbon  dioxide 

Carbon 

Oxygen  cont^iinipfl 

d 
Grams 
exhiiled 

e 
Litevs 
ri  X  609 

in  COg 
ri  X  3/II 

0 

OrHrnp 

LilPrs 
C  X  or 

quotient 
e/h 

1st  day 
2d     " 
3d     " 

3,702.27 
4,179.78 
3,907.14 

1,775.01 
1,813.56 
1,697.41 

903.96 
923.28 
864.15 

484.25 
494.60 
462.91 

1,545.24 
1,652. .56 
1,517.80 

l.OSl.fiT 
1.156.70 
1,062.46 

0.836 
0.798 
0.813 

Total 

11,789.19 

5,286.58 

2691.39 

1,441.76 

4,715.60 

3,300.92 

0.815 

Amount  of  heat  eliminated. — The  manner  in  which  the  heat  is  computed  for 
the  various  factors  involved  in  the  calorimeter  is  shown  in  Table  C 

Tabm:  C 
Summary  of  Calobimetbic  Measurements. 


1st  day 
2d     " 
3d     " 

Total  . 


a 

Heat 

measured 

in  terras  of 

20»  cals 


Calories 
4,594.50 
4,657.59 
4,443.16 


13,695.25 


Change  of 
tempera- 
ture of  cal- 
orimeter 


Degrees 

—  0.01 

4-;28 

—  .20 


+  .07 


c 
Capacity 
correction 
of  calorim- 
eter b  X  60 


d 
Correction 
due  to  tem- 
perature of 
food  and 
dishes 


Calories 

—  0.60 

+  16.80 

—  12.00 


4.20 


Calories 

—  37.97 

—  42.33 

—  44.33 


— 124.63 


Heat  used 
by  vapor- 
ization of 
water 


Calories 
739.17 
801.35 
737.05 


2,277.57 


J 
Total 
heat  deter- 
mined 


Calories 

5,295.10 

5,433.41 

5,123.88 


15,852.39 


It  will  be  seen  from  this  table  that  by  far  the  greater  part  of  the  heat  given  off 
from  the  body  is  measured  directly  by  the  outgoing  water  of  the  heat-absorbers, 
column  a.  The  other  principal  measurement  is  that  of  the  water  vapor  in  the  air 
streaming  from  the  calorimeter.  From  the  amount  of  water  in  the  air  the  amount 
01  heat  used  in  vaporizing  it  may  be  computed.  These  figures  are  given  in  column  e. 
The  total  output  of  heat  of  the  subject  doing  hard  work  was  about  5,300  Calories 
per  day. 

Comparison  of  the  income  and  outgo  of  material  and  energy.-- 
"  From  the  data  given  in  the  preceding  tables  the  amounts  of  material  and  enprg>' 
received  and  given  off  by  the  body  in  different  ways  may  be  compared,  and  gain  or 
loss  by  the  body  estimated.  Such  a  comparison  is  made  in  the  tables  which  follow." 
"  The  computation  of  the  amounts  of  materials  gained  or  lost  by  the  body  are  given 
tor  purposes  of  illustration  in  the  data  for  the  first  day  of  the  experiment." 

The  difference  between  the  total  weight  of  the  income  and  that  of  the  outgo  was 
132.06  grama.  It  will  be  observed  on  comparing  the  total  income  of  elements  with  the 
tiptal  outgo  that  there  was  a  gain  of  1.69  grams  of  nitrogen,  20.80  grams  of  hydrogen, 
and  125.75  grams  of  oxygen,  and  a'  loss  of  14.68  grams  of  carbon  and  1.50  grams  of 
ash.  "  In  the  lower  section  of  the  table  are  shown  the  amounts  of  protein,  fat, 
carbohydrates,  and  water  gained  or  lost  by  the  body  on  the  first  day  of  the  experi- 
ment as  computed  from  the  gains  and  losses  of  the  elements.    The  gains  or  losses 
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T.ABT.E  O. 

Gains  and  Losses  of  Body  Materiat,  ox  First  Day  of  Metabolism  Experiment  56. 


Tolal 

weight 

a 

Nitrogen 
b 

CarboD 
c 

UjdrogeD 
d 

Oxygen 

Ash 
/ 

Income 

Oxygen  from  air 

Water  in  drink 

Grams 

1,545.24 

1,950.00 

2,935.50 

914.50 

Grams 

Grams 

Grams 

Grams 
1,545.^(1 
1,731.80 
2,607.02 

290.13 

Grams 

218.20 

328.48 

76.28 

Water  in  food 

Solids  in  both 

18.45 

507.94 

21.70 

Total 

7,345.24 

18.45 

507.94 

622.96 

6,174.19 

21.70 

Outgo 

191.30 

48.40 

1,425.80 

69.80 

3,702.27 
1,775.61 

21.41 

4.07 

159.55 

2.92 

414.21 

168.89 

6.63 

1,266.25 

26.90 

3.287.41 
1,291.36 

Solids  in  feces 

1.80 

20.80 

9.10 

Solids  in  urine   

Water  of  respiration 

and  perspiration  . . 
CO    of  respiration  . . 

14.31 
.65* 

11.57 
"is'i.ib 

14.10 

Total 

7,213.18 

16.76 

522.62 

602.16 

6,048.44 

23.20 

Gain  (  +  )  or  loss  ( — ) 
Ash  of  protein  gained 

+  132.06 
.16 

+  1.69 

— 14.68 

+  20.80 

+  125.75 

—  1.50 

Gains  and  losses 
of  body  material 

+  10.14 

+  43.82 

—  120.17 

+  199.93 

—  1.50 

+  1.69 

+  5.35 
+  33.35 
—  53.36 

+     .71 
+  5.17 
—  7.45 

+  22.37 

+  2.23 

+  5.30 

—  59.36 

+  177.56 

+  .16 

— 1.50 

Ash    

+ 132.22 

+  1.69 

—     .t.lM. 

+  20.80 

+  125.73 

—  1.34 

*  Nitrogen  of  perspiration, 
of   these  diflferent  compounds  are  computed   in  the   following  way  by  means  of 
formula  derived  from  the  following  data  regarding  the  elementary  composition  of 
these  compounds: 

Table  E. 
Assumed  Pebcentage  of  Composition  of  Body  Materials. 

Nitrogen        Carbon        Hydrogen       Oxygen  Ash 

Percent.       Percent.       Percent.       Percent.         Percent. 

Protein     16.67  52.80  7.00  22.00            1.53 

Fats    76.10  11.80  12.10 

Carbohydrates    44.40  6.20  49.40 

Water     11.19  88.81 

In  the  above  table  the  carbohydrate  is  assumed  to  have  the  composition  of  glyco- 
gen. The  ash  of  the  protein  may  be  disregarded  and  the  following  equations  may  be 
derived  from  the  above  data,  letting  p^  protein;  t=:fat;  r  :=  carbohydrates;  and 
w  =  water,  and  indicating  the  names  of  the  elements  by  the  initial  letter,  as  is 
customary ; 

0.1667  p  =  N 

0.4440  r  +  0.7610  t  +  0.5280  p  =  C 

0.1119  w  +  0.0620  r  +  0.1180  t  +  0.0700  p  =  H 

0.8881  w  +  0.4940  r  +  0.1210 1  +  0.2200  p  =  0 
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"The  solutions  of  these  equations  in  terms  of  nitrogen,  carbon,  hydrogen  and 
oxygen  give  the  following  formulse: 
Protein  =  6.0  N. 

Fat  =  0.005  C  +  9.693  H  —  1.221  O  —  2.476  N 
Carbohydrates  =  2.243  C  — 16.613  H  +  2.093  0  —  2.892  N 
Water  =  1.248  C  +  7.920  H  +  0.128  0  +  0.460  N 

"  If  the  quantity  of  each  element  gained  or  lost  by  the  body  as  expressed  in 
grams  in  Table  D  is  substituted  in  these  equations  for  the  corresponding  sign  of  the 
element  and  the  indicated  calculations  are  performed  the  results  obtained  will  be  the 
quantities  of  the  different  compounds  gained  or  lost.  For  example,  according  to 
Table  D  the  body  gained  1.69  grams  of  nitrogen  on  the  first  day  of  the  experiment. 
This  value  would  therefore  be  substituted  for  N  in  the  first  of  the  above  equations 
as  follows: 

Protein  =  6  N  =  6  (+  1.69)  =  +  10.14." 

The  gains  and  losses  of  protein,  fat,  glycogen,  and  water  as  thus  computed  from 
the  gains  and  losses  of  the  elements  for  the  first  day  of  experiment  56  are  shown 
in  the  lower  section  of  the  first  column  of  Table  D. 

The  energy  income  and  outgo  in  this  experiment  totaled  as  follows  for  the 
three  days: 

Available  energy  from  the  foods  15,354  calories 

Energy  by  the  combustion  of  body  material  lost  69        " 

Total  income  of  energy  15,423         " 

Total  energy  outgo,  work  and  heat  observed  ....     15,852        " 

Excess  of  heat  measured   429  '       " 


This  was  the  first  experiment  with  the  respiration  calorimeter  in  its  revised  form 
and  the  difference  of  about  2.7%  between  the  computed  and  measured  heat  is  much 
larger  than  in  other  experiments.  In  making  these  computations  of  the  energy 
equivalent  of  the  materials  of  the  body  which  had  lost  in  weight  the  following  factors 
were  used: 

Heat  of  combustion  of  protein   5.65  calories  per  gram. 

«      "  "  "fat     9.54        "  "       " 

"      «  "  "   carbohydrates  4.19        "  "       " 

These  are  of  course  the  heats  as  determined  in  the  bomb  calorimeter.'  The  value 
for  the  protein  is  that  of  fat-free  muscular  tissue  from  which  the  nitrogenous  non- 
proteid  compounds  have  been  removed. 

Having  thus  illustrated  the  method  by  the  detailed  experiment  just 
quoted,  the  question  may  now  be  asked  whether  it  is  possible  to  with- 

'  Tt  must  be  noted  that  if  we  consider  the  fats  and  carbohydrates  in  the  food 
alone  and  not  those  in  the  body  material  cataholized  since  the  absorbability  is  not 
perfect  we  do  not  use  the  figures  given  here,  but  rather  the  relative  efficiency  of  the 
foods  are  shown  in  the  following  table  which  expresses  how  many  calories  of  energy 
are  actually  available  to  the  body  for  each  gram  of  foodstuff  eaten: 

Protein  4.0  cals.  per  gram. 

Carbohydrate 4.0     "      "      « 

Fats 8.9     ••      "      « 

Alcohol    6.9     "      "      « 
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draw  the  fat  in  the  diet  mentioned  and  replace  it  with  an  equivalent 
amount  of  carbohydrate,  equivalent  that  is  in  the  amount  of  energy  it 
contains.  For  this  purpose  the  subject  after  a  few  days'  iuter\al 
re-entered  the  calorimeter  and  for  a  period  of  three  days  did  nearly- 
the  same  amount  of  work,  but  the  cream  was  now  withdrawn  from  his 
diet  and  cane  sugar  containing  the  same  amount  of  energy  substituted 
for  it.  On  the  fat  diet  the  fat  furnished  60  per  cent,  of  the  total  energy ; 
on  the  carbohydrate  diet  the  carbohydrates  furnished  about  4,000 
Calories  or  nearly  80  per  cent,  of  the  total.  The  total  energy  outgo  was, 
as  before,  5,500  Calories  per  day.  Of  this  amount  the  equivalent  of 
602  Calories  was  in  the  form  of  external  work. 

The  respiratory  quotient  while  on  the  carbohydrate  diet  was  0.92 
on  the  average,  on  one  day  being  as  high  as  0.946.  Now  if  the  carbo- 
hydrate cannot  be  used  as  efiSciently  to  produce  energy  as  the  fats,  then 
it  would  be  necessary  for  the  body  to  call  upon  its  own  tissues  to  supply 
the  energy,  and  proteins  or  fats  should  be  catabolized.  As  a  matter  of 
fact,  the  experiment  showed  that  the  body  lost  on  the  average  per  day 
the  following  amounts  of  material :  Protein,  1.12  grams ;  fat,  21.48  grams ; 
carbohydrates,  26.76  grams,  and  water  was  gained  to  the  extent  of  199.63 
grams. 

In  the  fat  experiment  there  was  a  loss  of  body  fat,  but  a  gain  of 
protein  and  carbohydrate.  The  change  was,  however,  small.  From  this 
it  might  appear  that  the  fats  were  slightly  better  sources  of  energy  for 
the  body  than  the  carbohydrates,  but  as  a  matter  of  fact  these  two 
substances  are  really  nearly  equivalent.  The  slight  difference  was  due 
to  the  energy  output  being  somewhat  greater  in  the  second  experiment. 
From  this  experiment,  then,  the  conclusion  may  be  drawn  that  the  body 
can  get  its  heat  and  the  energy  for  its  external  work  from  either  fats  or 
carbohydrates  and  that  they  replace  each  other  in  the  energy  balance  of 
the  body  approximately  according  to  their  .calculated  heat  equivalents. 
They  are,  in  other  words,  isodynamic. 

We  have  now  to  consider  the  proteins.  Are  they  also  equivalent  to 
the  others  as  energy-producers?  Does  it  make  no  difference  so  far  as 
the  body  is  concerned  whether  the  energy  is  supplied  from  protein  or 
carbohydrate  ?  It  is  at  the  outset  clear  that  proteins  and  fats  suffice  for 
the  greater  part  of  the  food  of  many  people,  namely  the  Esquimaux. 
Further,  carnivorous  animals  generally  have  very  little  carbohydrate 
in  their  diet,  and  yet  they  are  capable  of  great  exertion.  Moreover,  in 
the  calculations  which  have  been  made  in  the  experiment  cited,  it  is 
assumed  that  the  protein  is  oxidized  and  produces  heat  and  energy  in 
proportion  to  its  content.  It  is  not,  of  course,  possible  to  substitute 
the  proteins  completely  by  fats  or  carbohydrates,  since  the  latter  con- 
tain no  nitrogen,  but  it  is  possible  to  supply  the  whole  needs  of  the  bodj 
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for  a  time  at  least  with  protein  and  a  small  amount  of  fat  or  carbohy- 
drate. The  proteins  can  replace  the  latter  as  sources  of  energy  as  shown 
by  Rubner.  100  grams  of  fat  are  equivalent  to  227  grams  of  protein 
or  carbohydrate  in  the  food,  according  to  Rubner ;  or  223  grams,  accord- 
ing to  Atwater. 

But,  while  the  foods  thus  have  an  isodynamic  action  in  this  sense,  they 
are  of  course  by  no  means  equivalent  physiologically.  Each  has  a  spe- 
cific action  in  nutrition ;  the  proteins  affect  the  production  of  heat  directly 
apparently  by  stimulating  it;  they  are  necessary  to  the  formation  of 
many  of  the  internal  secretions,  and  they,  or  the  foods  which  contain 
them,  may  have  a  direct  action  on  the  nervous  system.  The  digesti- 
bility is  different.  There  are  also  other  substances  in  foods  besides  the 
proteins,  fats  or  carbohydrates  which  are  of  great  importance,  of  vital 
importance  indeed,  although  present  in  small  amounts.  These  will  be 
considered  presently. 

Growth. — Thus  far  the  foods  have  been  considered  only  as  the  source 
of  energy.  That  energy  was  shown  to  be  necessary,  first,  to  supply  the 
heat  necessary  to  keep  the  temperature  of  the  body  high  enough  to  per- 
mit the  chemical  processes  to  occur  with  sufficient  speed  and  to  keep  the 
protoplasm  in  the  necessary  condition  of  viscosity;  second,  to  furnish 
the  energy  which  is  transformed  in  doing  external  and  internal  work, 
for  energy  is  consumed  in  moving  the  blood,  in  secreting  the  urine,  as 
well  as  in  all  the  bodily  movements;  and  third,  to  furnish  the  energy 
used  in  the  syntheses  of  specific  materials  in  the  body,  for  not.  all  the 
chemical  transformations  in  the  body  are  exothermic  decompositions; 
there  are  also  synthetic,  reducing,  endothermic  reactions  by  which  some 
heat  is  rendered  latent  and  in  virtue  of  which  the  specific  materials  of 
the  body  are  produced.  But  foods  are  needed  not  only  because  with 
oxygen  they  supply  energy ;  they  must  also  construct  the  machine.  They 
are  the  raw  materials  from  which  the  body  is  made.  It  is  probable, 
although  it  is  not  certain,  that  much  of  the  materials  which  are  oxidized 
in  the  body  are  built  into  the  real  living  matter  before  they  are  oxidized. 
In  other  words,  it  is  the  living  matter  which  is  burning  and  not  the  foods 
as  such.  Poods  may  or  may  not  contain  energy,  but  they  must  have  the 
raw  materials  out  of  which  the  body  is  formed.  They  must,  in  othev 
words,  nourish  the  body.  And  it  is  from  this  point  of  view  that  we  shall 
now  consider  them. 

Summary. — In  this  chapter  we  have  considered  the  income  and  outgo 
of  the  energy  of  the  body  considered  as  a  whole.  The  body  is  warmer 
than  its  surroundings.  It  is  constantly  giving  off  heat.  The  amount  of 
heat  given  off  in  the  course  of  the  day  by  a  man  at  rest  is  about  2,500 
large  calories,  and  during  working  days  it  is  greater  than  this.  Energy 
leaves  the  body  not  only  as  heat,  but  some  is  converted  into  potential 
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energy  of  work  done  and  some  into  the  potential  energy  involved  in  the 
separation  of  the  water  molecules  to  the  form  of  a  vapor.  The  source  of 
the  heat  of  the  body  was  long  a  puzzle.  It  was  found  by  the  French 
chemist,  Lavoisier,  that  it  came  from  the  combustion  of  the  materials  of 
the  body,  and  in  particular  from  the  combustion  of  the  carbon  and 
hydrogen  of  the  body  by  the  oxygen  of  the  air.  Oxygen  enters  the  body 
by  the  lungs  and  combines  with  the  carbon  and  hydrogen  in  the  tissues 
giving  carbon  dioxide  and  water.  This  combustion  does  not  take  placfc 
in  large  measure  in  the  lungs  or  in  the  blood,  but  chiefly  in  the  tissues 
and  in  the  muscles  in  greater  part,  since  these  are  the  most  bulky  tissues 
of  the  body. 

The  measurement  of  the  heat  given  off  is  made  by  means  of  a  respira- 
tion calorimeter.  The  most  perfect  of  these  instruments  has  been  con- 
structed in  this  country.  By  this  calorimeter  it  was  shown  that  the 
amount  of  heat  given  off  in  perceptible  heat,  or  in  other  forms  such  as 
latent  heat  of  vaporization,  is  equivalent  to  the  amount  of  heat  set  free 
by  the  combustion  of  the  carbohydrates,  fat  and  protein  burning  in  the 
body.  The  source  of  animal  heat  is,  hence,  the  combustion  of  these  mate- 
rials and  the  amount  of  heat  is  that  calculated  from  the  combustion.  So 
far  as  the  measurements  go,  they  indicate  that  there  is  a  balance  between 
the  income  and  outgo  of  energy  and  that  the  law  of  conservation  ot 
energy  holds  for  human  beings  as  well  as  for  other  animals.  The  human 
body  does  not  have,  so  far  as  can  be  determined,  any  other  source  of 
energy  than  the  combustion  of  its  materials.  Respiration  and  heat  pro 
duction  are  thus  related. 

The  amount  of  heat  produced  and  of  carbon  dioxide  given  off  per 
kilo  body  weight  varies  at  different  ages  and  is  greater  in  children  than 
in  adults.  It  is  generally  larger  in  small  animals  than  in  large 
of  the  same  kind.  There  is,  hence,  a  more  rapid  respiration  and  heat 
production  in  the  young  than  in  adults,  and  this  is  true  even  for  the  heat 
production  per  unit  of  surface  area  of  the  body.  In  other  words,  the 
metabolism  of  young  is  higher  than  that  of  older  people. 

Some  light  may  be  thrown  on  the  nature  of  the  materials  burning 
in  the  body  by  the  study  of  the  respiratory  quotient.  This  is  the  ratio 
between  the  volume  of  carbon  dioxide  exhaled  and  the  volume  of  oxygen 
consumed.  The  respiratory  quotient  is  unity  for  the  combustion  of 
carbohydrate,  about  0.8  for  proteins  and  0.71  for  fats.  It  may,  for  short 
spa.ces  of  time,  be  larger  than  one,  or  smaller  than  .7. 

By  the  use  of  the  respiration  calorimeter  it  has  been  found  that  the 
carbohydrates  and  fats  can  very  largely  replace  each  other  in  the 
metabolism  of  the  body  and  that  in  the  absence  of  much  of  either  of  these 
the  energy  required  may  come  fi-om  the  proteins.  The  latter,  however, 
have  also  a  direct  action  on  the  body  in  that  they  increase  the  heat  pro- 
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duction  and  have  in  this  way  a  specific  action  different  from  the  fats  and 
sugars.    The  explanation  of  this  action  is  as  yet  obscure. 

Finally,  while  we  speak,  of  the  foods  as  oxidizing  in  the  body  and 
while  for  practical  purposes  they  may  be  treated  as  if  they  were  under- 
going oxidation  in  this  way,  it  is  more  probable  that  it  is  not  the  foods 
which  are  oxidizing,  but  the  living  matter ;  and  that  the  foods  only  oxi- 
dize as  they  are  combined  in  the  living  protoplasm.  When  life  ceases, 
the  oxidation  of  the  food  stops.  It  is  impossible  thus  far  to  isolate  from 
dead  protoplasm  substances,  or  enzymes,  which  have  the  power  of  oxidiz- 
ing the  foods  apart  from  living  matter.  The  oxidation  of  the  purine 
bases  is  a  possible  exception  to  this  statement.  The  question  of  the  nature 
of  the  combustion  is  considered  more  fully  farther  on.  Foods  must 
above. all -nourish  and  reconstitute  the  ever  wasting  body. 
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CHAPTER  VII. 
THE  RAW  MATERIALS  OR  POODS. 

Foods. — The  body  consists  of  water,  various  salts,  of  pro- 
teins, carbohydrates  and  fats,  and  various  other  organic  substances 
which  are  formed  from  the  latter  in  the  course  of  their  decom- 
position in  the  body.  These  organic  constituents  of  the  body  are 
burning  or  oxidizing  as  long  as  life  lasts,  and  it  is  their  combustion 
which  gives  rise  to  the  heat  of  the  body ;  to  the  energy  appearing 
as  work  done,  or  transformed  into  such  other  forms  of  energy 
as  chemical,  or  electrical.  By  this  combustion  of  its  substances  simple 
compounds  are  produced,  such  as  carbon  dioxide,  water,  urea  and  many 
other  substances  which  are  constantly  leaving  the  body  in  the  excre- 
tions, either  through  the  skin,  by  the  lungs,  kidneys  or  alimentary  canal. 
The  water  leaving  the  body  by  the  skin  or  kidneys  carries  out  always 
some  of  the  salts  with  it  in  solution,  so  that  the  body  is  constantly  losing 
carbon,  nitrogen,  oxygen,  hydrogen,  salt  and  water.  The  body  may  be 
likened  to  a  lamp  which  as  long  as  combustion  continues  continues  to 
give  light  and  heat.  So  the  body  as  long  as  it  continues  to  burn,  or,  as 
it  is  called  in  living  things,  to  respire,  continues  to  give  off  heat  and 
those  various  forms  of  energy  found  in  living  things.  And  just  as  the 
lamp,  if  the  supply  of  oil  runs  low,  burns  its  wick,  one  of  its  constituent 
parts,  and  is  ultimately  extinguished ;  so  in  the  body,  if  the  supply  of  food 
or  raw  material  for  combustion  is  exhausted,  it  burns  in  part  its  own 
substance  and  then  life  is  extinguished.  But,  while  this  analogy  with 
a  lamp  or  candle  is  in  many  ways  most  apt,  it  must  not  be  pushed  too 
far,  for  the  body  not  only  burns  the  fuel  supplied  it,  but  manufactures 
or  repairs  the  wasting  of  the  machinery  of  the  body.  It  is  as  if  the 
lamp  were  able  to  make  new  wick  material  from  the  oil  so  as  to  make 
good  the  loss  of  wick  material  which  occurs  daily. 

Food.  Definition. — The  term  food  has  been  variously  defined.  It 
has  been  said  to  be  a  substance  containing  available  potential  energy, 
that  is  energy  which  can  be  utilized  by  the  body.  But  by  this  definition 
some  poisons  are  foods,  since,  like  alcohol,  morphine  or  caffeine,  they  are 
partly  oxidized  in  the  body  and  thus  setting  free  their  energy  contribute 
to  its  work  or  its  store  of  heat ;  and  other  substances  such  as  water,  salts 
or  oxygen  which  are  absolutely  necessary  to  the  body  are  not  foods,  since 
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they  carry  no  energy  into  the  body.  Obviously  such  a  definition  is  of 
very  little  value.  A  food  has  one  characteristic,  it  has  the  power  of 
rt'pairing  waste,  or  contributing  substance  necessary  for  the  growth 
of  tlie  body.  The  body  is  not  a  stove  which  burns  fuel.  Foods  do  not 
burn  as  they  do  in  a  stove,  being  contained  in  the  material  but  not  made 
part  of  it.  It  is  true  that  some  oxidation  of  this  kind  may  occur,  but 
not  the  combustion  of  the  foods.  It  is  the  living  matter  which  is  burn- 
ing, not  the  foods  which  are  in  it.  Poods  may  or  may  not  bring  avail- 
able energy  into  the  body ;  but  they  all  repair  waste  and  provide  the  raw 
materials  for  growth.  All  substances  which  have  this  power  are  foods ; 
those  which  lack  it,  although  they  may  be  burned  in  the  body  and  set 
free  energy,  are  not  foods.  Thus  water,  salts,  oxygen  are  true  foods. 
All  things  necessary  for  the  construction  of  the  living  machine  are  foods. 
Poisons,  such  as  alcohol,  caffeine,  morphine  or  other  substances  whicli 
may  be  oxidized  in  the  body,  but  which  are  incapable  of  repairing  waste, 
— these  are  not  foods.  All  substances  which  do  not  nourish  living  matter 
and  which  are  not  chemically  inert  are  harmful  to  it.  So  a  poison  may 
be  defined,  as  a  substance,  not  a  food,  which  acts  chemically  on  the  body. 
Too  much  of  one  kind  of  food  or  too  little  of  another  may  be  harmful, 
but  such  substances  do  not  thereby  become  poisons.  They  are  still  foods. 
On  the  other  hand,  poisons  may  change  living  matter  in  a  manner  to 
benefit  it  temporarily,  or  restore  it  when  it  has  been  disturbed,  but  such 
substances  are  none  the  less  poisons,  although  they  may  be  temporarily 
used  for  valuable  ends.  No  material  has  as  yet  been  found  which  is  able 
to  improve  protoplasm  so  that  it  will  live  longer  than  it  does  under  its 
normal  circumstances.  All  substances  not  foods  shorten  life  when  they 
find  entrance  to  protoplasm,  provided  they  are  taken  in  sufficient  amount 
to  affect  it  at  all. 

The  food  materials  must  contain,  then,  the  materials  out  of  which  the 
body  is  made,  and  we  may  at  this  time  examine  the  constitution  of  vari- 
ous foods  as  raw  materials  for  the  manufacture  of  the  body. 

Water. — Human  beings  normally  require  3  to  5  liters  of  water  per 
day,  although  life  is  possible  on  less.  Some  of  this  is  obtained  in  the 
foods ;  fruit  and  many  vegetables  consist  of  80  to  90  per  cent,  of  water, 
but  most  is  taken  in  beverages  of  various  kinds.  Water  that  we  drink 
is  never  pure.  It  always  contains  salts  of  various  kinds  in  solution 
and  these  salts  may  have  a  physiological  action.  Thus  hard  and  soft 
waters  may  differ  in  their  attion  on  the  bowels ;  in  localities  using  hard 
waters  goiter  is  often  endemic,  though  it  is  very  doubtful  whether  the 
hardness  of  the  water  due  to  the  lime  salts  in  it  has  anything  to  do  with 
the  goiter.  It  is  more  probable  that  the  cause  of  the  goiter  is  an  organic 
substance  or  germ  and  an  indirect  result  of  a  deficiency  in  iodine. 
Thus  in  the  region  of  the  Great  Lakes  goiter  is  very  common. 
Nearly  all  the  dogs  in  Chicago  are  more  or  less  goiterous.    In  general, 
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also,  hard  waters  are  constipating,  soft  relaxing.  But  this  effect  again 
is  not  due  to  the  water,  but  to  the  salts.  Some  waters,  too,  are  radio- 
active and  at  the  present  time  there  is  a  good  deal  of  evidence  indicating 
that  this  circumstance  is  of  importance  in  the  beneficial  action  of  such 
waters  in  many  diseased  states.  How  the  radio-activity  produces  any 
physiological  action  is  still  quite  obscure.  No  one  has  as  yet  shown  that 
living  matter  is  at  all  radio-active,  so  that  we  have  no  reason  for  thinking 
that  radium  in  minute  traces  may  be  a  necessary  part  of  our  foods.  Still 
it  is  not  impossible  that  this  may  be  the  case.  Minute  traces  of  substances 
are  frequently  of  extraordinary  importance.  Thus  it  was  recently  found 
by  Berthelot  that  manganese  in  extremely  small  amounts  was  necessary 
.for  the  development  of  the  gonidia  in  Aspergillus.  The  amount  of  man- 
ganese which  was  necessary  was  so  small  that  it  was  very  difficult  to 
provide  water  and  containers  and  foods  which  did  not  have  these  minute 
traces,  so  that  growth  was  impossible.  This  fact  makes  one  very  cautious 
in  concluding  that  minute  traces  of  substances  which  occur  in  living 
matter  may  not  have  an  influence  on  it.  While  the  favorable  action  of 
various  naturally  radio-active  waters  is  to  be  ascribed  in  part  to  the 
salubrity  of  the  climate,  to  the  more  restricted  diet  generally  enjoined  on 
.those  who  visit  these  watering-places  for  health,  to  enforced  exercise, 
to  diminished  intestinal  putrefaction  due  to  the  laxative  action  of  the 
water  or  to  drinking  more  water,  since  many  people  usually  drink  too 
little,  yet  some  of  the  action  it  seems  most  probable  is  almost  certainly 
due  to  the  radio-activity  of  the  water. 

Diversity  of  foods.  Importance. — The  various  food  materials  of 
civilization  have  enormously  multiplied  in  kind  with  the  improvement  of 
transportation  and  the  introduction  into  all  countries  of  the  products  of 
other  countries.  The  temperate  zone  now  obtains  the  vegetables  and 
fruits  of  the  tropics ;  and  America  not  only  has  its  native  vegetables,  such 
as  the  potato  and  maize,  but  it  cultivates  also  those  of  nearly  all  other 
lands.  The  diet  of  various  nations,  and  in  particular  of  Americans,  has 
thus  become  more  varied  than  that  of  any  nation  or  group  of  people 
previously  existing.  This  is  due  in  part,  so  far  as  America  is  concerned, 
to  the  favorable  location  of  the  country,  reaching  as  it  does  from  the 
tropics  to  the  north  and  having  no  customs  duties ;  and  in  part  it  is  due 
to  the  efforts  of  the  Department  of  Agriculture  to  introduce  into  the 
country  all  those  fruits  and  cereals  which,  are  cultivated  elsewhere  and 
which  custom  has  shown  to  be  valuable  foods.  As  a  varied  diet  is  more 
certain  to  contain  all  those  food  and  food  accessory  materials  which  the 
body  needs  than  is  a  restricted  or  monotonous  diet,  the.  general  result  of 
this  expansion  in  the  kinds  of  foods  consumed  is  certain  to  be  good ;  for 
what  one  foodstuff  m^ay  lack  in  one  particular  is  certain  to  be  contained 
in  another. 

"With  the  wonderful  development  of  chemistry,  also,  food  substances 
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are  now  manufactured  from  materials  which  were  formerly  wasted. 
Thus  while  the  human  body  cannot  make  glucose  from  cellulose,  the 
chemist  can  accomplish  this.  A  great  many  prepared  foods  supposedly 
more  nutritious  or  partially  digested  or  suitable  for  special  ends,  or 
having  a  great  many  other  real  or  imagined  advantages,  are  being  con- 
sumed in  constantly  increasing  amounts.  Mention  may  be  made  of  vari- 
ous infant  foods  designed  to  eke  out  or  replace  mother's  milk;  break- 
fast cereals  of  all  kinds;  bran  and  wheat  mixtures  for  laxative  foods; 
and  so  on.  This  development  of  the  chemical  manufacture  or  chemical 
treatment  of  foods  is  a  matter  of  the  very  greatest  importance  to  public 
health,  since  while  the  end  sought  is  in  many  ways  desirable,  the  foods 
by  chemical  treatment  are  often  altered  in 'their  chemical  composition, 
or  substances  not  naturally  in  the  foods  may  be  introduced  from  the 
chemicals  used  in  manufacture.  The  physiological  effects  of  even  small 
amounts  of  certain  compounds  are  so  important  that  it  is  very  necessary 
to  guard  against  the  admixture  of  any  toxic  or  harmful  substance  which 
may  be  present  in  the  chemicals  used  even  in  very  small  amounts.  Thus 
some  years  ago  sulphuric  acid  containing  arsenic  was  used  in  the  manu- 
facture of  glucose  from  starch.  The  arsenic  contaminated  the  glucose; 
the  glucose  was  used  in  the  manufacture  of  beer  and  many  people  in 
England  were  poisoned,  some  fatally,  by  the  arsenic.  It  is  important  to 
remember,  also,  that  in  the  chemical  treatment  of  foods  there  is  the 
possibility  of  forming  in  them  toxic  substances  not  in  the  food  itself. 
Often  the  effects  of  such  substances  in  small  quantities  are  not  immedi- 
ately apparent  and  it  is  extremely  difficult  to  trace  such  injurious  effects 
as  there  may  be  to  their  true  source  in  the  altered  food.  It  is  for  this 
reason  that  any  manufactured  or  chemically  changed  food  which  has  not 
had  years  and  even  generations  of  tests  behind  it,  as  all  natural  foods 
have  had,  is  to  be  regarded  with  a  certain  amount  of  suspicion,  unless 
the  methods  used  in  its  manufacture  are  such  as  practically  to  preclude 
injury.  Physicians  and  scientific  men  have  particularly  to  be  on  their 
guard  against  hasty  indorsements  of  artificial  foods.  For  exainple, 
physicians  and  scientific  men  usually  mean  by  the  word  glucose  the  pure 
hexose  sugar,  dextrose,  and  when  the  problem  of  the  use  of  glucose  is 
presented  to  them  they  think  only  of  the  pure  sugar,  which  is  of  course 
an  admirable  food.  But  the  manufacturer  uses  the  term  glucose,  or 
did  use  it  for.  a  long  period,  for  the  very  impure  mixture  obtained  by 
the  partial  hydrolysis  of  starch.  This  substance  not  only  contained  pure 
glucose,  but  many  other  substances  such  as  dextrins,  maltose,  etc. ;  it  occa- 
sionally contained  some  nitrogenous  substances,  and  if  made  with  impure 
materials  it  might  contain  some  deleterious  substances  such  as  arsenic. 
Before  indorsing  a  food  of  any  kind,  a  scientific  man  or  physician  would 
do  well  to  co"-sult  the  government  authorities  whose  business  it  is  tg 
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investigate  such  foods,  their  constitution,  methods  of  manufacture,  etc., 
and  to  inform  people  of  their  desirability.  Food  accessory  substances 
or  vitamines  are  also  now  known  to  be  vitally  important  constituents  of 
the  diet. 

Amount  of  food  required  hy  a  human  adult. — The  human  adult 
requires  roughly  60-150  grams  of  portein  a  day  and  sufficient  fat  and 
carbohydrate,  or  protein,  in  addition  to  cover  his  energy  requirements. 
All  three  of  these  substances  are  found  in  all  the  foods,  but  .in  widely 
varying  proportions.  In  general  a  diet  for  an  adult  not  doing  hard  work 
must  contain  in  addition  to  mineral  matters,  salts,  and  food  accessory 
substances  approximately : 

,  CalorieB 

100  grams  of  protein  yielding 400 

500      "        "    carbohydrate   2,000 

60       "        "    fat   540 

Total    2,940 

In  addition  there  is  required  of  phosphorus  about  0.6-0.8  gram  per  day 
and  of  calcium  about  0.6  gram.  Vegetables  contain  as  a  rule  a  great 
excess  of  carbohydrate,  and  meat  an  excess  of  protein.  Many  vegetables 
contain  much  water.  The  following  tables  give  the  proportion  of  food 
matters  in  the  principal  foodstuffs.  Attention  is  particularly  given  to 
the  various  meats  and  such  vegetables  as  potatoes,  turnips,  squash,  peas 
and  beans,  corn,  wheat,  oatmeal,  and  the  fruits:  apples,  pears  and 
bananas. 

Composition    of    Some    Food    Materials.    Bulletin    28.    E.    O.    S.    Dept.    of 

Agriculture. 

Fuel 

Poods  Refuse  Water  Protein  Pat     Total  car-    Ashvalneper 

N  X  6  25  bohydrutes  pound 

Beef. 
Brisket,  medium  fat  as  purcliased.  Cals. 

Average     23.3  41.6  12.0  22.3                      0.6       1165 

Cliuck,  including  shoulder.    Medium 

fat.     As  purchased.     Average   ..  15.2  57.9  16.6  10.1                      0.8        735 
Flank.    All  analyses.    Average.  As 

purchased    5.5  56.1  18  6  19.9                      0.8       1185 

Loin.    Medium  fat.    As  purchased. 

Average     13.1  58.2  17.1  11.1                     0.9        785 

Round.    Fat.    As  purchased 12.0  54.0  17.5  16.1                     0.8      1005 

Heart.    As  purchased 5.9  53.2  14.8  24.7                      0.9       1320 

Corned  beef,     Brisket 21.4  40.0  14.4  19.4                      4.5       lOS.") 

Veal :  Fresh. 

Leg,  lean.    As  purchased   9.1  66.8  19.4  3.7                     1.1        520 

I,eg.    Cutlets.    As  purchased 3.4  68.3  20.1  7.5                     1.0        690 

Mutton:  Fresh. 

Leg.  Medium  fat.  As  purchased  . .  18.4  51.2  15.1  14.7  0.8  900 
Lom,  without  kidney  or  tallow.    As 

purchased    14.8  40.4  13.1  31.5                    0.6      1575 

Pork:  Fresh. 

Ham.    Medium  fat.     As  purchased  10.7  48.0  13.5  25.9                     0.8      1345 

Loin  chops,  medium  fat   19.5  41.8  13.4  24.2                      0.8       1270 

Tenderloin  as  purchased 00  66.5  18.9  13.0                     1.0        900 

Ham.     Smoked    12.2  36.8  14.5  33.2                     4.2      1670 

Salt  pork,  clear  fat 00  7.9  1.9  86.2                     3.9      3670 

Bacon,  smoked   8.7  10.4  M^  59.4                    4.5      2685 


Fooda  Betuse 

Sausage.     Bologna   3.3 

Pork  sausage   

Chickens.    Broilers  as  purchased  . .     41.6 

Goose.    Edible  portion  

"        As  purchased    17.6 

Fish.     Mackerel.     Whole.     As  pur- 
chased          44.7 

Mackerel.     Edible  portion    

Eggs.      Uncooked.      Edible    portion 
"  "  As  purchased  .     11.2 

Eggs.     Boiled  whites   

"      yolks    

Butter.    As  purchased  

Buttermilk.     As  purchased   

Cheese.     American.     Pale   

Cheese.     Cottage   

Cheese.      Dutch 

Cheese.     Roquefort   

Milk.    Whole.    Aa  purchased  .... 
Milk.     Evaporated.     Unsweetened 
Milk.     Condensed.     Sweetened   .  . .  ' 
Oleomargarine     

Vegetable  foods. 

Corn  meal.     Granular   

Corn    flour    

Oatmeal     

Rolled    oats    

Oatmeal   boiled    

Rice    

Wheat  flour.     Entire  wheat   

Wheat  flour.    Patent  roller.    Fam- 
ily grade.     Spring  wheat   

Wheat  fliur.     Winter  wheat   .... 

Wheat:  Breakfast  foods. 

Farina     

Shredded    

Macaroni    

"  Cooked      

Wheat     bread.        As      purchased. 

Home  made 

Wheat  bread.     Whole  wheat   .... 

Crackers.     Oyster  crackers   

"  Soda    

Apple  pie 

Honey     

Vegetables. 

Asparagus.     Fresh    

Beans,  butter,  green.  Edible  portion 

"          "           "        As    purchased     50.0 
"       lima.     Edible  portion   .... 
"       String.  ,  Cooked   

Beets.      Cooked 

Cabbage.     Edible ;  portion.     Fresh 

Carrots.      Cooked      

Corn.     Green.     Edible  portion   . . . 

Cucumbers.     Edible  portion    

Egg  plant.     Edible  portion   

Lentils.     Dried    
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Fnel 


Water 

Pr6tein  Fat 

Total  cur- 

Aah' 

^aluepex 
pound 

N  X  6.S5 

bohydrntP' 

55.2 

18.2 

19.7 

0.3 (?)  3.8 

1170 

39.8 

13.0 

44.2 

1.1 

2.2 

2125 

43.7 

12.8 

1.4 

0.7 

295 

46.7 

16.3 

36.2 

0.8 

1830 

38.5 

13.4 

29.8 

0.7 

1505 

40.4 

10.2 

4.2 

0.7 

365 

73.4 

18.7 

7.1 

1.2 

645 

73.7 

14.8 

10.5 

0.3? 

1.0 

720 

65.5 

13.9 

9.3 

0.9 

635 

86.2 

13.0 

0.2 

0.5 

0.6 

250 

49.5 

16.1 

33.3 

1.1 

1705 

11.0 

1.0 

85.0 

3.0 

3605 

91.0 

3.0 

0.5 

4.8 

0.7 

165 

31.6 

28.8 

35.9 

0.3 

3.4 

2055 

72.0 

20.9 

1.0 

4.3 

1.8 

510 

35.2 

37.1 

17.7 

10.0 

1435 

39.3 

22.6 

29.5 

1.8 

6.8 

1700 

87.0 

3.3 

4.0 

5.0 

0.7 

325 

68.2 

9.6 

9.3 

11.2 

1.7 

780 

26.9 

8.8 

8.3 

54.1 

1.9 

1520 

9.5 

1.2 

83.0 

6.3 

3525 

12.5 

9.2 

1.9 

75.4 

1.0 

1655 

12.6 

7.1 

1.3 

78.4 

0.9 

1645 

7.3 

16.1 

7.2 

67.5 

1.9 

1860 

7.7 

16.7 

7.3 

66.2 

2.1 

1850 

84.5 

2.8 

0.5 

11.5 

0.7 

285 

12.3 

8.0 

0.3 

79.0 

0.4 

1630 

11.4 

13.8 

1.9 

71.9 

1.0 

1675 

11.9 

10.9 

1.1 

75.6 

0.5 

1655 

13.1 

12.3 

1.1 

73.0 

0.5 

1635 

10.9 

11.0 

1.4 

76.3 

0.4 

1685 

8.1 

10.5 

1.4 

77.9 

2.1 

1700 

10.3 

13.4 

0.9 

74.1 

1.3 

1665 

78.4 

3.0 

1.5 

15.8 

1.3 

415 

35.0 

9.1 

1.6 

53.3 

1.0 

1225 

38.4 

8.7 

0.9 

49.7 

1.3 

1140 

4.8 

11.3 

10.5 

70.5 

2.9 

1965 

5.9 

9.8 

9.1 

73.1 

2.1 

1925 

42.5 

3.1 

9.8 

42.8 

1.8 

1270 

18.2 

0.4 

81.2 

0.2 

1520 

94.0 

1.8 

0.2 

3.3 

0.7 

105 

58.9 

9.4 

0.6 

29.1 

2.0 

740 

29.4 

4.7 

0.3 

14.6 

1.0 

370 

68.5 

7.1 

0.7 

22.0 

1.7 

570 

95.3 

0.8 

1.1 

1.9 

0.9 

95 

88.6 

2.3 

0.1 

7.4 

1.6 

185 

91.5 

1.6 

0.3 

5.6 

1.0 

145 

3.5 

7.7 

3.6 

80.3 

4.9 

1790 

75.4 

3.1 

1.1 

19.7 

0.7 

470 

95.4 

0.8 

0.2 

3.1 

0.5 

80 

92.9 

1.2 

0.3 

5.1 

0.5 

130 

8.4 

25.7 

1.0 

59.2 

5.7 

1620 

306  PHYSIOLOGICAL  CHEMISTRY 

Fael 

Skxida  Refuse     Water  Protein  Fat  Total  car-  Aeh  value  pet 

N  X  6.25  bohydrates  ponna 

Peas.     Dried    9.5  24.6  1.0  62.0  2.9       165,5 

Peas,     green.       Cooked.       Edible 

Portion     74.6  7.0  0.5  16.9  1.0        465 

Potatoes.     Cooked.     Boiled   75.5  2.5  0.1  20.9  1.0        440 

Mashed     and 

creamed   75.1  2.6  3.0  17.8  1.5        505 

Potatoes.      Sweet.      Raw.      Edible 

portion   69.0  1.8  0.7  27.4  1.1         570 

Squash.     Edible  portion   88.3  1.4  0.5  9.0  0.8        215 

Tomatoes.     Fresh   94.3  0.9  0.4  3.9  0.5        105 

Fruits. 

Apples.    Edible  portion  84.6  0.4  0.5  14.2  0.3        290 

Bananas.      "            "          75.3  1.3  0.6  22.0  0.8        460 

Blackberries     86.3  1.3  0.0  10.9  0.5        270 

Oranges.     Edible  portion    86.9  0.8  0.2  11.6  0.5        240 

Pears.    Edible  portion  84.4  0.6  0.5  14.1  0.4        295 

Nuts. 

Almonds.     Edible  portion    4.8  21.0  54.9  17.3  2.0  3030 

Brazil  nuts   5.3  17.0  66.8  7.0  3.9  3265 

Hickory  nuts   3.7  15.4  67.4  11.4  2.1  3345 

Peanuts    9.2  25.8  38.6  24.4  2.0  2560 

Milk. — ^Milk  is  a  food  for  the  young  and  growing.  It  is  a  most  inter- 
esting food,  since  it  represents  the  answer  Nature  has  given  to  the  ques- 
tion as  to  the  best  food  for  developing  mammals.  After  a  very  long 
period  of  experimentation  in  the  monotremes,  marsupials  and  lower 
placental  mammals,  the  milk  of  the  higher  plaeentals  was  evolved.  It 
is  probable  that  there  are  good  reasons  for  the  presence  in  milk  of  most, 
if  not  all,  of  its  constituents.  Milk  is  the  secretion  of  the  mammary 
glands  and  these  are  modified  skin  glands.  The  constituents  of  the  milk 
are  for  the  greater  part  manufactured  in  the  gland  itself ;  some  of  them, 
however,  come  directly  from  the  blood.  The  organic  substances  in  the 
milk  are  peculiar  to  it.  They  are  not  found  in  other  tissues  of  the  body. 
Human  milk  is  alkaline  to  litmus ;  cows'  amphoteric.  The  specific  gravity 
is  1.026-1.035. 

The  composition  of  the  milks  of  the  different  mammals  varies,  but 
they  are  alike  in  their  fundamental  qualities.  In  all,  the  organic  mat- 
ter consists  for  the  most  part  of  protein,  carbohydrate  and  lipin,  and 
each  of  these  is  peculiar  to  milk.  The  carbohydrate  is  lactose ;  the  lipin 
is  peculiar  because  of  the  proportion  of  fatty  acids  of  low  molecular 
weight  it  contains  and  also  for  its  special  properties  in  nutrition;  the 
protein  is  largely  casein.  The  composition  of  human  and  cows'  milk  is  as 
follows  (Meigs) : 

Fat  Lactose  Protein  Aah 

Per  cent.  Per  cent.  Per  cent.  Per  cent. 

Human  milk  2 — 4  0—7.5  0.7—1.5  .   0.15—0.3 

Cow's  milk 2 — 4  3.5 — 5  2.5 — 4  0.66 — 0.77 

Besides  the  substances  mentioned  in  the  foregoing  table,  both  cows' 
and  human  milk  contain  organic  substances  which  have  little  or  no 
nitrogen,  which  are  soluble  in  ether  and  alcohol,  as  well  as  water,  but 
of  which  the  chemical  nature  is  still  unknown.  The  amount  of  these 
substances  in  human  milk  at  the  beginning  of  lactation  is  about  1  per 
cent.,  and  in  the  middle  period  of  lactation  about  0.5  per  cent.    Cows' 
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milk  at  the  middle  of  lactation  contains  about  0.3  per  cent.    These  sub- 
stances are  possibly  of  great  importance  in  nutrition. 

The  composition  of  the  milk  varies  at  different  periods  of  lactation. 
The  milk  secreted  during  the  first  three  or  four  days  after  delivery  is 
called  colostrum  milk.  According  to  Keenig  colostrum  of  cows  has  the 
following  composition: 

Water    74.67 

Solids  25.33     ' 

Casein    4.04 

Albumin  and  globulin  13.60 

Fat     3.59 

Lactose    2.67 

Salts    1.56 

The  colostrum  is  richer  in  proteins  and  total  solids  than  the  later  milk. 
It  contains  many  cells,  milk  corpuscles,  which  contain  nuclear  material, 
whereas  the  later  milk  is  practically  free  from  such  material.  The  fat, 
also,  is  different  in  that  it  has  a  higher  melting  point,  a  higher  iodine 
number  and  it  contains  more  cholesterol  and  lecithin.  The  protein  mate- 
rial is  different.  It  contains,  probably  in  the  colostrum  corpuscles,  more 
coagulable  proteins,  so  that  unlike  ordinary  milk  it  coagulates  on 
heating.  These  same  differences  between  colostrum  and  later  milk  are 
shown  also  in  human  milk,  but  they  are  not  so  marked.  Meigs  gives  the 
following  figures  of  the  human  colostrum  and  later  milk,  comparing  the 
total  nitrogen,  the  casein,  globulin  and  albumin,  and  unknown  substances 
(figures  in  per  cent,  of  weight  of  whole  milk) : 

Total  N    N  in  casein  and  N   in    albumin  Nitrogen    not 

globulin  prpcip-  precipitated  by  precipitated  by 

itated  by  mag-  acetic  acid  ana  either     MgSO. 
nesium     Bul-                 beat  or  beat 

phate 

Colostrum   Human    0.2962  0.1572  0.0514  0.0876 

Early  milk       "  0.2186  0.1377  0.0267  0.0542 

Cows'  milk   (Guernsey)    0.5623  0.4925  0.0482  0.0216 

The  main  differences  between  human  milk  and  cows'  milk  are  these: 
Human  milk  contains  considerably  more  lactose  than  cows'  milk  and 
more  substances  of  an  unknown  nature  which  contain  little  or  no  nitro- 
gen; it  contains  very  much  less  protein  than  cows'  milk.  The  greater 
I)roportion  of  lactose  in  human  milk  may  be  correlated  with  the  very 
much  greater  brain  development  of  human  beings.  There  is  a  very  rapid 
myelinization  of  the  fibers  of  the  brain  occurring  shortly  after  birth 
in  the  first  six  weeks  of  life.  In  myelin  there  is  a  large  amount  of 
galactolipins  of  the  nature  of  phrenosin,  or  cerebrosides  of  various 
kinds.  Galactose  is  one  of  the  constituents  of  this  material.  It  may 
be  that  the  larger  amount  of  lactose  in  human  milk  is  to  supply  this 
need.  No  other  place  of  formation  of  galactose  in  the  body  is  known 
than  the  mammary  glands  and  these  are  of  course  very  rudimentary  in 
the  infant.  The  replacement  of  lactose  by  cane  sugar  in  milk,  or  in 
milk  substitutes,  would  seem  to  be  open  to  serious  criticism  on  this 
account.  It  must  be  remembered  that  the  mammary  glands  have  been 
evolved  primarily  to  make  a  food  best  suited  for  rapidly  developing 
human  beings;  even  undiluted  cows'  milk  cannot  be  tolerated  by  very 
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young  children,  although  its  composition  is  so  similar  to  human  milk. 
Inasmuch  as  we  are  quite  ignorant  of  the  composition  of  some  constitu- 
ents of  milk  which  may  be  very  important,  the  attempt  to  find  a  suitable 
substitute  for  human  milk  is  seen  to  be  very  largely  a  groping  in  the 
dark. 

Proteins  of  milk. — The  proteins  of  milk  are  casein  (English  call  it 
caseinogen)  and  lactalbumin.  These  two  proteins  do  not  contain  all  the 
nitrogen  particularly  in  the  early  stages  of  lactation,  when  quite  a  large 
percentage  of  the  nitrogen  is  in  the  form  of  substances,  extractives,  etc., 
which  are  not  precipitated  by  MgSO^  and  not  by  heat  after  slight  acidifi- 
cation. They  are  not  precipitated  either  by  A1(0H)3  and  are  presum- 
ably non-colloidal. 

Casein.  This  is  the  most  abundant  and  characteristic  protein  of  milk. 
It  is  probable  that  each  kind  of  milk  has  its  own  kind  of  casein  in  it.  In 
cows '  milk  there  is  about  3-4  per  cent,  of  casein ;  in  human  milk  between 
0.5-1.5  per  cent.  This  protein  is  a  phosphoprotein.  It  is  a  conjugate, 
or  compound,  protein  containing  phosphoric  acid.  It  is  a  strong  acid 
probably  forming  three  or  four  series  of  salts  and  having  4  or  6  car- 
boxyls  free.  Its  molecular  weight,  according  to  Van  Slyke,  is  about 
8,000.  Casein  has  several  peculiar  properties.  It  is  not  coagulated  by 
heating;  it  is  precipitated  by  faint  acidification  with  acids,  but  soluble 
in  excess;  it  clots  or  coagulates  when  it  is  treated  by  a  proteolytic 
enzyme,  and  in  particular  by  the  enzyme  found  in  calves'  stomachs,  or 
the  stomachs  of  other  young  mammals.  Its  percentage  of  composition  ig : 
C,  53.00;  H,  7.00;  N,  15.70;  S,  0.8;  0,  22.65;  P,  0.85.  These  figures  are 
for  cow's  casein.  When  hydrolyzed  it  yields  the  amino-acids  shown  in 
the  table  on  page  129.  It  is  very  unstable  and  hydrolyzes  with  great 
ease.  It  will  be  noticed  that  it  is  remarkable  for  the  very  small  amount 
of  cystine  it  contains,  for  the  absence  of  glycocoU  and  for  the  large 
amount,  relatively,  of  tryptophane.  Casein  in  milk  is  in  such  a  condi- 
tion that  it  will  not  pass  through  a  porcelain  filter.  Among  the  acids 
found  in  casein,  but  not  found  in  other  proteins,  may  be  mentioned 
diamino-trioxydodecanois  acid,  CjaHaeNjOs,  found  by  Fischer  and  Ab- 
derhalden;  dioxydiaminosuberic  acid,  CgHjeNjOe,  found  by  Skraup: 
caseanic  acid,  C9H18N2O7,  and  easeinic  acid,  C12H24N2O5.  The  nature 
of  these  is  uncertain  (Skraup).  Caseinie  acid  may  be  identical  with 
dioxyaminododecanoic  acid,  although  it  appears  to  differ  from  it  in  its 
optical  rotation.  Another  acid  recently  isolated  by  Dakin  is  hydroxy- 
glutamic  acid.  Caseins  from  various  animals  differ  in  the  per  cent,  of 
nitrogen  and  phosphorus.  Mares'  and  asses'  caseins  contain  more  nitro- 
gen (16.44-16.28  per  cent.)  than  cows'.  Asses'  casein  has  more  phos- 
phorus (Tangl  and  Csokas).  Casein  contains  calcium.  The  amount 
varies,  [ajo  =—97.8  to  —111.8°  in  a  N/10— N/5  NaOH  (Long).  In 
neutral  solution  it  is  lower,  i.e.,  — 80°. 
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The  preparation  of  casein  is  described  on  page  949.  The  clotting  is 
discussed  on  page  377. 

Lactaliumin.  This  is  a  crystallizable  protein  present  in  small 
amounts  in  milk  and  resembles  seralbumin,  but  differs  from  it  in  its 
rotation,  (<a')D  = — 37°.  It  coagulates  at  about  the  same  temperature  as 
seralbumin,  i.e.,  72-80°.  Its  composition  is:  C,  52.19;  H,  7.18;  N,  15.77; 
S,  1.73 ;  0,  23.13.  The  amount  of  this  protein  in  human  milk  is  about 
one-fifth  of  the  casein;  and  in  cows'  milk  it  is  about  one-tenth  of  the 
amount  of  the  casein. 

Lipins  of  milk. — The  composition  of  butter  fat  has  already  been 
given  on  page  64.  It  is  remarkable  and  different  from  the  fat  of  most 
other  organs  in  the  large  proportion  of  butyric,  caproic  and  caprylic  acids 
in  it ;  in  the  proportion,  in  other  words,  of  the  volatile  fatty  acids.  Milk 
fat  contains,  in  addition  to  the  glycerine  esters  of  the  usual  fatty  acids 
and  those  just  mentioned,  small  amounts  of  both  lecithin  and  cholesterol. 
Koch  and  "Woods  found  in  milk  0.036 — 0.049  per  cent,  of  phosphatide 
computed  from  the  phosphoric  acid  of  the  alcohol  soluble  phospho- 
lipins  as  lecithin ;  and  0.027-0.045  per  cent,  of  a  phospholipin  computed 
as  cephalin.  This  latter  is  insoluble  in  alcohol.  The  total  of  phospho- 
lipins  was  0.072-0.086  per  cent.  For  human  milk  ' '  lecithin  ' '  was  0.041 
per  cent. ;  cephalin,  0.037  per  cent.,  and  the  total,  0.078  per  cent.  The 
amount  of  cholesterol  has  not  been  determined  by  the  digitonin  method 
so  far  as  can  be  found,  but  Marsh  found  by  the  Ritter  method  0.021 
per  cent.    The  character  of  the  phospholipin  should  be  further  studied. 

The  importance  of  these  lipins  in  diet  has  been  emphasized  by  the 
work  of  Stepp,  who  found  that  mice  could  not  be  nourished  on  food 
materials  which  had  been  carefully  extracted  by  alcohol  and  ether, 
whereas  the  addition  of  this  extract  to  the  food  restored  them  to 
health.  The  active  substance  was  not  fat,  cholesterol,  lecithin  or  salts. 
Similar  observations  have  been  made  by  Hopkins,  who  found  that  the 
addition  to  an  incomplete  ration  of  a  very  small  amount  of  milk  powder 
enabled  mice  to  thrive  when  on  a  diet  containing  too  little  of  some  amino- 
acid.  Similar  observations  have  been  made  also  by  McCollum  and 
Osborne  and  Mendel,  who  found  that  the  active  principle  in  milk  was 
contained  in  the  alcohol-ether  extract  and  that  similar  active  substances 
were  present  in  the  oils  of  fish  livers,  such  as  cod-liver  oil.  The  nature 
of  the  constituent,  or  constituents,  is  still  quite  uncertain.  They  belong 
to  the  general  group  of  vitamines  which  are  discussed  on  page  838. 
Both  Fat  Soluble  A  vitamine  and  ,"Water  Soluble  B  are  obtained  by 
the  mother  from  her  diet.  Their  presence  is  absolutely  necessary  for 
growth  and  health  of  the  offspring  in  rats  and  guinea  pigs  and  pre- 
sumably also  in  human  beings.  Hence  the  importance  of  the  mother's 
diet  during  lactation.     She  must  have  an  unusually  large  income  of 
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calcium  and  these  vitamines  at  that  time.  The  small  amount  of  lecithin 
in  milk,  which  is  designed  as  a  food  for  rapid  growth,  is  in  striking 
contrast  with  the  large  amount  of  lecithin  of  the  yolk  of  hens'  eggs. 
This  fact  indicates  that  the  infant  is  able  to  make  the  necessary  phos- 
pholipins  from  the  inorganic  phosphates.  There  are  other  evidences 
that  the  phospholipins  are  readily  formed  by  most  kinds  of  protoplasm 
from  inorganic  material,  fats  and  amino-acids. 

Lactose. — The  presence  of  lactose  in  milk  to  the  extent  of  from  4 
per  cent,  in  cows  to  7  per  cent,  in  human  milk  is  significant  for  the  rea- 
sons already  stated.  The  physical  properties  of  this  sugar  are  treated 
on  page  56;  the  method  of  isolating  it  on  page  951.  The  mammary 
glands  have  the  power  of  making  galactose  from  glucose. 

Other  organic  constituents  of  milk. — ^Ikiilk  contains  in  small  quanti- 
ties a  considerable  number  of  organic  substances.  Among  these  par- 
ticular mention  may  be  made  of  citric  acid,  which  is  present  in  cows' 
and  human  milk  to  the  extent  of  .05-.1  per  cent  or  even  .237  per  cent. 
Among  other  constituents  may  be  mentioned  one  found  recently  in 
human  milk  by  Meigs  and  Marsh,  which  crystallizes  readily,  which 
makes  a  considerable  part  of  the  unknown  alcohol  soluble  substances, 
present  in  human  milk  in  the  early  stages  of  lactation  to  about  1  per 
cent.,  and  which  gives  a  strong  test  for  unoxidized  sulphur.  The  com- 
position of  this  substance  is  unknown.  Biscaro  and  Balloni  have  iso- 
lated a  substance  called  orotic  acid  (Gr.  oros,  milk),  which  was  precipi- 
tated by  basic  lead  acetate.  It  had  the  composition  C5H,iN„04.2H,0. 
The  nature  of  the  acid  is  unknown.  Siegfried  has  isolated  carniferrin, 
related  to  nucleon  or  phosphocarnic  acid,  from  milk  by  his  iron  method. 
This  yielded  on  decomposition  carnic  acid,  fermentation  lactic  acid, 
succinic  acid  and  oxylie  acid  (CigHasNiOg).  The  latter  yielded  leucine 
on  hydrolysis  with  hydrochloric  acid.  There  are  also  present  in  milk 
small  amounts  of  urea,  some  purine  nitrogen  (in  1  liter  cows'  milk 
0.004-0.006  gram  purine  N)  and  various  other  substances  in  small 
amounts.  Some  observers  have  described  peptone  or  proteose  bodies  in 
milk,  but  it  is  doubtful  whether  they  occur  in  perfectly  fresh  milk. 
Cows'  milk  as  ordinarily  obtained  contains  very  large  quantities  of 
bacteria  which  rapidly  change  its  constitution.  To  get  sterile  milk  is 
difScult  and  it  can  be  obtained  only  by  passing  a  sterile  catheter  past 
the  sphincter  into  the  ducts.  It  must  be  remembered,  however,  that 
bacteria,  although  they  are  present  in  great  quantities  in  ordinary  city 
milk,  often  1,000,000  or  more  per  c-c,  are  not  normal  constituents,  but 
have  fallen  in  during  the  act  of  milking  and  that  they  multiply  in  the 
milk  with  great  rapidity.  As  Sedgwick  has  put  it:  "A  cow  secretes 
milk,  not  bacteria. ' ' 

In  100  c.c.  milk,  both  cow  and  human,  there  are  found  in  mgs.  20-30 
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total  non-protein  N;  6-17  urea  N;  2.6-7.3  amino. N;  1.0-1.3  creatinine; 
2.0-3.4  creatine;  1.4-2.0  uric  acid.  These  amounts  are  practically  those 
found  in  blood  plasma.    (Denis,  Talbot  and  Minot.) 

Inorganic  substances  in  milk. — Milk  must  contain  most  of  the  sub- 
stances required  for  the  early  development  of  a  child.  It  must  provide 
substance  for  the  growth  of  bone,  hence  it  must  and  does  contain  large 
amounts  of  calcium  and  phosphoric  acid.  Moreover,  all  growing  organ- 
isms need  potassium,  since  potassium  in  nearly  all  forms  of  living  matter 
is  present  in  larger  quantities  than  sodium.  Rapidly  growing  cells  need 
potassium.  Iron  is  present  in  milk  in  very  small  amounts.  This  is  in 
contrast  to  the  egg  where  there  is  an  abundant  supply  of  iron  in  the 
yolk.  But  Bunge  has  shown  that  the  iron  is  stored  in  the  liver  of  the 
foetus,  thir,  organ  at  birth  having  a  rich  supply  which  is  called  upon 
during  development  to  make  good  the  lack  in  the  milk.  The  ash  of  milk 
contrasted  with  the  ash  of  the  new-born  pup,  showing  how  closely  they 
resemble  each  other,  is  given  by  Bunge  as  follows : 

Tn  1000  parts  of  ash: 

Of  dog  milk  Of  new-born  dogs 

K^O    149.8  114.2 

Na  0   88.0  106.4 

CaO   272.4  295.2 

MgO    15.4  18.2 

Fe^Oj 1.2  7.2 

PO* 342.2  394.2 

CI   ." 169.0  83.5 

In  human  beings  there  does  not  seem  to  be  so  close  a  correspondence 
between  the  ash  of  milk  and  of  the  new-born  ( Camerer  and  Soldner) . 

Zinc  is  found  in  human  milk  to  the  amount  of  5.7-13.8  mgs.  per  kilo 
milk;  there  are  3.6-5.6  mgs.  per  kilo  in  that  of  cows.  The  amount  is 
greatest  in  the  early  stages  of  lactation. 

Coloring  matter. — The  milk  of  cows  fed  on  green  fodder  is  more 
or  less  yellow,  while  the  milk  of  cows  fed  on  dry  hay  and  other  forms 
of  dry  fodder  is  not  yellow.  Guernsey  cows  give  particularly  yellow 
milk  and  their  fat  is  very  yellow.  This  natural  coloring  matter  is 
derived  entirely  from  the  green  fodder  and  consists  of  carotin  and 
xanthophyll. 

Hulls  of  the  milk  globules. — It  has  been  generally  supposed  that  the 
fat  globules  were  surrounded  by  a  very  fine  sheath  of  casein  kept  or 
condensed  there  by  the  action  of  surface  tension.  Recent  investigations 
indicate  that  this  is  incorrect.  By  allowing  the  milk  globules  to  rise 
through  a  long  column  of  water  they  can  be  separated  from  the  casein 
and  other  constituents  of  the  milk.  They  are  collected,  the  fat  extracted 
with  ether  and  the  residue,  which  constitutes  the  hulls,  analyzed.  The 
result  has  been  to  show  that  the  hulls  may  give  no  biuret  reaction  at  all. 
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When  hydrolyzed  they  yield  glycocoU,  which  is  not  present  either  in 
casein  or  lactalbumin.  The  amount  of  nitrogen  is  very  low  and  variable, 
4.04-5.70.  per  cent.  The  ash  varies  from  4.57-45.28  per  cent.,  and  P 
between  0.18  and  0.57  per  cent.  It  is  clear  that  it  is  not  a  homogeneous 
substance  nor  is  it  composed  of  casein. 

Milk  glands. — The  composition  of  the  mammary  glands  has  been  very 
little  studied.  A  nucleic  acid  similar  in  its  general  properties  to  that  of 
other  organs  has  been  isolated  from  it  by  Mandel  and  Levene.  This 
acid  contained  pentose,  so  that  it  is  probable  that  these  glands  contain 
not  only  the  usual  tetranucleotide,  but  also  an  acid  analogous  to,  or 
identical  with,  guanylic  acid.  By  treating  the  glands  in  the  same  way 
as  the  pancreas  is  treated  for  the  extraction  of  a  nucleoproteid  by  Ham- 
marsten  (see  page  171)  a  nucleoproteid  was  isolated  by  Odenius  of  the 
following  composition:  C,  46.89-47.15  per  cent.;  H,  6.04-6.15  per  cent.; 
N,  17.26-17.29  per  cent. ;  S,  0.875-0.904  per  cent. ;  P,  0.275-0.278  per  cent, 
and  0.962-0.922  per  cent.  Mandel  and  Levene  isolated  a  substance  of  a 
reducing  character  which  contained  sulphur,  and  they  called  it  gluco- 
thionic  acid.  S,  2.65  per  cent.;  N,  4.38  per  cent.  There  are  probably 
present  substances  of  the  sulpholipin  or  glycolipin  type  and  these  may 
yield  the  reducing  substances  obtained  by  several  observers  on  hydroly- 
sis of  the  organic  matter.  The  extractives  are  about  the  same  as  the 
other  organs  so  far  as  they  have  been  studied.  The  composition  of  the 
substances  thus  far  isolated  throws  singularly  little  light  on  the  method 
of  formation  of  the  milk  constituents  or  on  the  metabolism,  and  the  gland 
should  be  further  investigated. 

Metabolism  of  the  glands. — There  is  very  little  that  can  be  said  about 
this.  The  raw  material  from  which  the  galactose  is  made  is  undoubtedly 
glucose.  The  metabolism  undergoes  a  remarkable  rhythmic  alteration 
dependent  upon  the  sexual  organs.  The  mammae  are  in  the  nature  of 
secondary  sexual  organs.  That  is,  although  they  are  present  in  a  rudi- 
mentary form  in  the  male,  they  do  not  develop,  but  remain  rudimentary. 
In  the  female  they  begin  their  development  with  the  ripening  of  the 
ovaries  and  the  formation  of  ova.  It  is  clear  that  their  development  must 
be  stimulated  in  some  way  by  the  ovary.  Further  research  of  this  very 
interesting  problem  has  shown  that  the  corpora  lutea  have  the  power 
of  stimulating  the  growth  and  activity  of  the  mammary  glands.  An 
extract  of  the  corpora  has  a  remarkable  action  on  these  organs.  It  is 
found,  too,  that  an  extract  of  the  uterine  wall  at  the  time  when  it  is 
undergoing  regressive  metamorphosis  after  parturition  has  the  power, 
when  injected  into  a  female  animal  of  the  same  kind,  of  exciting  the 
activity  of  the  mammae  so  that  the  glands  become  full  of  milk.  On  the 
other  hand,  an  extract  of  foetus  has  an  inhibiting  action.  It  will  be 
noticed,  too,  when  the  hypophysis  is  considered,  that  the  extract  of  this 
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organ  may  cause  a  discharge  of  milk  from  a  pregnant  female.  The 
development  of  the  gland  appears  to  depend,  then,  upon  the  internal 
secretion  of  the  ovaries.  The  development  ceases  and  the  gland  atrophies 
after  the  discharge  of  ova  from  the  ovary  ceases  and  there  are  no  more 
corpora  lutea.  On  the  other  hand,  the  cause  of  the  differentiation  of  the 
skin  tissue  into  milk-gland  tissue  does  not  depend  upon  this  internal 
secretion,  for  it  occurs  in  the  male  also.  It  would  appear  that  in  this, 
as  in  so  many  other  ways,  males  have  in  them  often  many  of  the  poten- 
tialities of  females,  and  vice  versa,  and  that  whether  male  or  female  char- 
acters predominate  depends  upon  the  development  of  ovaries  or  testes. 
This  is  a  matter,  however,  somewhat  foreign  to  the  present  discussion, 
but  which  will  no  doubt  occupy  a  much  larger  space  in  the  biochemistries 
of  the  future. 

Enzymes. — The  presence  of  enzymes  in  the  milk  has  been  much  dis- 
puted, the  contradictory  results  being  due  possibly  to  the  rich  bacterial 
flora  of  most  milks  examined.  Human  milk  is  said  to  contain  small  quan- 
tities of  amylolytic  enzyme,  and  as  this  is  found  in  the  blood  it  prob- 
ably comes  from  the  blood.  The  presence  or  absence  of  lipase  is  dis- 
puted. There  is  no  lipase  in  the  glands  (Bradley)  and  this  indicates 
that  lipase  is  not  the  cause  of  the  synthesis  of  the  fats  in  the  gland. 
Catalase  and  peroxydases  are  present  in  milk,  but  catalase  is  found 
almost  universally  in  the  organized  world.  A  proteolytic  enzyme  of  an 
ereptic  nature  has  been  described  (Russell  and  Babcock)  and  given  the 
very  inappropriate  name  of  galactase.  This  does  not  appear  to  be  always 
present.  An  enzyme  which  ferments  lactose  to  lactic  acid,  alcohol 
and  COj  has  been  described  by  Stoklasa  in  both  human  and  cows' 
milk. 

Souring  of  milk. — This  is  produced  by  the  action  of  bacteria  of  vari- 
ous kinds  which  attack  the  lactose,  forming  from  it  lactic  acid.  The  acid 
thus  set  free  precipitates  the  casein  and  thus  clots  the  milk.  Some  bac- 
teria are  able  to  clot  milk  in  a  neutral  reaction.  These  clot  because  they 
secrete  a  proteolytic  enzyme  like  rennin  which  forms  paracasein  from 
the  casein. 

Sterilized  milk  as  a  food. — ^Many  very  young  children  do  not  jthrive 
when  fed  exclusively  on  boiled,  diluted  cows'  milk,  whereas  they  will 
assimilate  fresh,  diluted  cows'  milk.  The  character  of  the  change  pro- 
duced in  the  milk  by  heating,  which  is  responsible  for  this  malnutrition, 
is  still  unknown.  On  heating,  small  amounts  of  sulphureted  hydrogen 
are  split  off  from  the  milk.  This  is  probably  one  reason  for  the  change 
in  taste  and  odor  produced  by  cooking.  "Whether  it  has  anything  to  do 
with  the  change  in  nutritive  qualities  is  uncertain.  Cooking  destroys 
much  of  the  fat  soluble  and  all  of  the  anti-scorbutic  vitamine  in  the  milk. 
If  infants  can  have  a  portion  of  human  milk,  they  generally  assimilate 
without  trouble  cooked,  diluted  cows'  milk  to  which  lactose  has  been 
added. 
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Foreign  substances  in  milk. — Various  substances  pass  directly,  from 
the  blood  to  the  milk.  Thus  salts  of  various  kinds  taken  by  the  mother 
may  affect  the  child.  Cases  are  on  record  of  infants  developing  bromism 
from  the  effects  of  bromides  taken  by  the  mother  during  nursing.  Vari- 
ous odoriferous  substances  pass  readily  into  milk,  as  everyone  knows. 
The  diet  of  the  mother  is  hence  of  importance  to  the  child.  It  is  pos- 
sible that  various  internal  secretions  from  the  mother's  body  may  pass 
by  means  of  the  milk  to  the  child  and  may  affect  it. 

Various  kinds  of  milk. — Of  the  various  kinds  of  milk  which  ar.j 
available  as  foods  for  children,  asses'  milk  approaches  most  closely  in 
composition  to  that  of  human  beings.  The  composition  of  goats',  asses' 
and  mares'  milk  is  as  follows: 

Water        Solids       Casein        ™»;„      ^J^^^^      Lactose       Ash 

Asses'  milk   90.12  9.88         0.79         i.85         1.37         eilQ         0.47 

Mares'  milk    90.58  9.42         ....         2.05         1.14         5.87         0.36 

Goats'  milk  86.30         13.70        3.60         4.60         4.00         4.30        0.80 

Eggs. — Like  milk,  eggs  represent  a  food  provision  for  the  develop- 
ing young.  The  needs  of  young  birds  and  mammals  are  for  the  greater 
part  the  same.  There  must  be  energy  foods  to  supply  the  energy  require- 
uients  of  development  and  there  must  be  proteins  and  fats  and  inor- 
ganic substances  to  provide  the  requirements  of  matter.  The  developing 
chick  needs  iron  for  its  blood  and  phosphates  to  make  its  bones,  nueleins 
and  phospholipins.  The  manner  in  which  these  phosphoric-acid  needs  are 
met  is  essentially  different  in  the  birds  and  mammals.  In  milk  the  phos- 
phates required  to  make  nuclein,  phospholipin  and  bone  are  present  for 
the  larger  part  as  inorganic  phosphoric  acid ;  there  is  in  addition  phos- 
phoric acid  tied  to  organic  matter  in  the  casein ;  there  is  very  little  phos- 
pholipin present.  The  casein  has  attached  to  it  a  part  of  the  calciun* 
required  and  a  part  is  present  in  combination  with  the  phosphoric  acid. 
In  eggs  the  calcium  is  in  part  present  in  the  shell  which  is  partly  reab- 
sorbed during  the  development ;  and  in  part  it  is  present  in  both  organic 
and  inorganic  form.  There  is  in  the  yolk  of  egg  a  phosphoprotein 
analogous  to  casein,  called  vitellin;  the  amount  of  inorganic  phosphate 
is  less  than  in  milk.  But  the  main  difference  lies  in  the  fact  that  the 
egg.yoik  represents  a  cell  and  the  phosphoric  acid  is  laid  down  in  the 
form  of  lecithin  which  is  digested  in  the  course  of  development  and 
inorganic  phosphates  formed  from  it.  Neither  milk  nor  eggs  contain 
appreciable  quantities  of  purines  and,  since  these  are  formed  rapidly 
in  the  rapidly  developing  nuclei  of  the  embryo,  both  young  birds  and 
young  mammals  must  have  the  ability  to  form  purines  and  pyrimidines 
a"t  a  very  rapid  rate. 

A  hen's  egg  consists  of  both  white  and  yolk.  The  white  is  a  secretion 
of  the  glands  in  the  oviduct;  the  yolk  is  a  real  cell,  the  egg  cell.  Ii. 
contains  very  little  living  protoplasm,  but  an  enormous  mass  of  non 
living  matter. 
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Egg  white.     The  composition  of 

white  of  the  hen's  egg  is  as  fol- 

lows  (Koto)  : 

Per  cent. 

Per  cent. 

Water 87.71 

Total  N  in  white      1.75 

Solids 12.29 

Protein  (Nx  6.25)      10.93 

Ash 0.4 

Dextrose 0.55 

Organic  solids     11.89 

3:  4.47%  of  dry  matter. 

Per  cent. 

Yolk.     Water 

49.73 

Solids    

50.27 

Ash     

1.44 

Organic   solids 

48.83 

Glucose  

0.'27  of  fresh  yolk. 

Nitrogen    .... 

2.49    "      "          " 

Lipins    

34^00    "      " 

The  concentration  of  the  glucose 

in  the  water  of  the  yolk  is  about 

that  of  the  white. 

Egg  white. — The  reaction  of  the  white  of  egg  when  fresh  is  very 
faintly  alkaline,  but  the  alkalinity  increases  on  standing,  owing  to  auto- 
digestion  and  the  formation  of  ammonia.  As  a  result  of  this  alkalinity 
there  is  a  setting  free  of  sulphur,  since  the  white  of  egg. contains  a  sub- 
stance which  has  very  labile,  unoxidized  sulphur.  The  sulphide  thus 
set  free  combines  with  the  iron  set  free  from  the  hematogen  to  make 
sulphide  of  iron ;  this  colors  the  white  near  the  yolk  a  bluish  color  when 
the  eggs  are  cooked. 

Proteins  of  the  white.  The  proteins  in  egg  white  are  simple  pro- 
teins for  the  greater  part  and  consist  of  ovalbumin  and  ovoglobulin.  The 
latter  is  precipitated  when  the  white  is  diluted  with  water  or  dialyzed. 

Ovoglobulin.  This  makes  about  &V2  per  cent,  of  the  total  proteins. 
This  substance  is  apparently  not  a  uniform  or  homogeneous  substance, 
but  a  mixture  consisting  chiefly  of  ovomucin.  It  was  called  a  globulin 
because  of  its  insolubility  in  water  and  solubility  in  salt  solutions,  but 
it  is  in  reality  a  compound  protein.    (See  ovomucin.) 

Ovalbumin.  The  composition  of  this  substance  has  already  been 
given  on  pages  129  and  139.  Together  with  eonalbumin  it  forms  nearly 
90  per  cent,  of  the  total  coagulable  protein  of  the  white.  It  is  an  easily 
crystallized  protein  when  it  is  separated  from  the  perfectly  fresh  eggs. 
It  coagulates  at  64-70°  or  higher.  There  is  some  doubt  whether  it  is 
a  unitary  substance  or  not,  some  authorities  believing  that  it  is  a  mix- 
ture. The  experiments  of  Abderhalden  and  Pregl  on  the  glucosamine 
content  of  various  successive  crystallizations  indicate  that  the  substance 
is  generally  impure  as  it  is  usually  prepared.  It  usually  contains  some 
absorbed,  or  otherwise  entangled,  ovomucoid.  They  found  that  the 
successive  crystallizations  yielded  respectively  on  hydrolysis  from  7  per 
cent,  down  to  2.5  per  cent,  of  glucosamine.  The  recent  carefully  recrys- 
tallized  and  otherwise  purified  preparation  of  Osborne  and  Campbell 
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yielded  1.23  per  cent,  of  glucosamine.  The  amount  of  amino-aeids 
recovered  from  a  hydrolysis  of  ovalbumin  totals  only  ahont  50  per  cent, 
of  the  molecule.  It  is  probable,  therefore,  that  there  are  other  products 
not  yet  isolated.  Osborne  and  Campbell  suggest,  indeed,  that  ovalbumin 
is  a  conjugate  protein  and  possibly  contains  some  radicle  like  chondroitic 
acid.  This  would  account  for  the  glucosamine  and  also  for  some  volatile 
acid  which  was  obtained  when  distilled  with  dilute  acid.  The  acid  might 
be  acetic.  Further  work  on  the  composition  of  this  protein  is  much  to  be 
desired. 

Connlhvmin.  This  is  the  second  albumin  in  egg  white.  It  is  sepa- 
rated from  egg  white  by  crystallization.  It  is  the  part  of  the  albumin 
w'hioh  is  not  crystallizable.  It  constitutes  about  one-half  of  the  total 
albumin.  It  resembles  ovalbumin  in  elementary  composition,  but  wiii 
not  crystallize  and  coagulates  at  a  lower  temperature,  i.e.,  50-60°.  It 
contains  about  16  per  cent.  N  and  1.7  per  cent,  of  sulphur. 

Ovomucin.  This  is  separated  in  the  globulin  fraction  by  precipita- 
tion by  half  saturation  with  ammonium  sulphate  (Eichholz).  It  is  a 
glycoprotein.  It  rapidly  becomes  insoluble  in  water  on  dialysis.  It 
yields  about  11  per  cent,  of  glucosamine. 

Ovomucoid.  This  makes  about  10  per  cent,  of  the  total  solids  of 
hen's  egg  white.  It  is  a  typical  mucoid  substance.  It  contains  12. G5 
per  cent,  nitrogen  and  2.20  per  cent,  of  sulphur:  According  to  Seeman, 
it  contains  34.9  per  cent,  of  glucosamine.  It  is  not  precipitated  by  half 
saturation  with  ammonium  sulphate  or  by  complete  saturation  with 
sodium  chloride  or  magnesium  sulphate.  It  does  not  coagulate  on  boil- 
ing and  it  may  be  prepared  by  this  means.  All  coagulable  proteins  are 
removed  by  slightly  acidifying  with  acetic  acid,  coagulating  by  heat,  and 
filtering.  The  concentrated  filtrate  is  precipitated  with  alcohol.  This 
behavior  and  the  low  content  of  nitrogen  may  mean  that  the  substance 
is  allied  to  chondroitic  acid,  or  contains  a  large  amount  of  this  sub- 
stance.   Further  work  on  the  composition  of  this  body  is  needed. 

Ash.  The  ash  of  the  white  contains  about  30  per  cent,  of  Na^O,  the 
same  amount  of  KjO,  about  29  per  cent,  of  CI  and  small  amounts  of 
Ca-,  Mg,  phosphoric  acid  and  other  substances. 

The  yolk. — The  yolk  is  very  much  more  complex  than  the  white. 
It  contains  a  very  large  amount  of  oil  or  fat,  egg  oil,  and  the  protein  is 
chiefly  vitellin.  The  solids  are  about  50  per  cent.,  and  these  consist  of 
protein,  16  per  cent. ;  fat,  23  per  cent. ;  lecithin,  11  per  cent. ;  cholesterol, 
1.5  per  cent.,  and  salts  3  per  cent.  There  is  some  variation  in  these 
figures  in  different  eggs.  The  lecithin  and  egg  oil  make  the  greater  part 
of  the  solids.  The  phospholipins  are  not  all  lecithin;  bodies  similar  to 
cephalin  and  some  other  myelin-like  phospholipins  have  been  isolated 
(Thierf elder).    The  yolk  generally  i:ial:cs  about  one-third  of  the  whole 
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egg.  It  weighs,  on  the  average,  about  20  grams.  There  should  be  be- 
tween one  and  two  grams  of  phospholipins  in  one  egg  yolk. 

Ovovitellin.  This  is  a  typical  phosphoprotein,  or  nucleoalbumin. 
According  to  Osborne  and  Campbell,  ovovitellin  as  extracted  from  egg 
yolk  by  salt  solution  is  a  mixture  of  various  compounds  of  lecithin  and 
vitellin  proper.  The  P  content  varies  from  2.5-4.2  per  cent.  The  amino- 
acids  it  yields  are  given  on  page  129,  and  its  comppsition  on  page  139. 
The  ovovitellin  is  insoluble  in  water,  but  soluble  in  dilute  salt  solutions 
and  very  dilute  alkalies.  It  behaves  much  like  a  globulin,  but  it  differs 
from  a  globulin  in  that  it  contains  phosphoric  acid  in  some  union  or 
other,  and  when  digested  with  pepsin  HCl  it  yields  an  acid  rich  in 
phosphorus,  about  8  per  cent.  P,  which  was  at  first  supposed  to  be 
nucleic  acid,  but  is  not.  It  yields  no  purine  bases.  The  vitellin  is 
extracted  from  the  yolk  by  shaking  the  fat  out  with  ether  and  then  treat- 
ing the  residue  with  10  per  cent.  NaCl  and  precipitating  the  filtrate  by 
diluting  with  water.  The  lecithin  is  separated  by  boiling  alcohol.  Pure 
vitellin  has  not  been  obtained.  The  nature  of  the  phosphoric  acid  residue 
is  unknown  and  needs  further  investigation. 

Hematogen.  Egg  yolk  contains  a  substance  which  on  digestion  with 
pepsin  HCl  yields  a  nuclein-like  substance  which  contains  iron.  This 
iron  compound  is  supposed  to  be  the  mother  substance  of  the  hemoglobin. 
It  was  named  hematogen  to  show  this  relationship.  The  composition  of 
this  substance  is  as  follows :  C,  43.5  ;  H,  6.9 ;  N,  12.6 ;  P,  8.7 ;  S,  trace ;  Fe, 
0,455 ;  Ca,  0.352 ;  Mg,  0.126.  The  substances  analyzed  are  probably  mix- 
tures. There  is  no  doubt  that  egg  yolk  contains  all  the  necessary  ingredi- 
ents for  the  manufacture  of  hemoglobin,  since  this  substance  is  formed 
during  development. 

Lipins.  Egg  oil.  This  yields  a  large  amount  of  oleic  and  palmitic 
acid.  Liebermann  obtained:  palmitic  acid,  38.0  per  cent.;  oleic,  40  per 
cent.,  and  stearic  acid,  15.21  per  cent.  The  composition  of  this  fat  is 
dependent  upon  diet.  Thus,  if  chickens  are  fed  fish,  the  eggs  have  a  very 
strong  taste  of  fish;  if  they  are  fed  on  rape  seed  and  the  young  rape 
plants,  the  boiled  yolks  are  a  deep  black  and  have  a  disagreeable  taste. 
Fat  soluble  dyes  such  as  Sudan  3  will  be  laid  down  in  the  yolk  if  it  is 
ingested  by  the  birds.  The  yolk  is  laid  down  in  rings.  Each  ring  means 
a  time  interval  of  24  hours.  The  deposition  of  the  yolk  is  slow  at  night, 
or  some  reabsorption  may  occur  so  that  the  appearance  of  the  fat  is 
changed  and  the  yolk  is  in  layers  (Eiddle).  It  takes  about  four  days 
when  a  hen  is  laying  rapidly  to  produce  the  greater  part  of  the  yolk. 
The  period  can  be  greatly  lengthened  by  cold  or  poor  nutrition.  The 
phospholipins  include  lecithin  and  lipins  resembling  cephalin  and  amino- 
myelin. 

Mineral  siihstances.  The  following  analysis  shows  the  composition 
of  the  mineral  constituents  in  parts  per  thousand : 
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Na^O 

51.2 

65.7 

FeO 

11.9  . 

.    14.5 

KO 

80.5 

89.3 

^^^. 

638.1  ■ 

667.0 

CaO 

122.1 

132.8 

RiO' 

2 

5.5- 

14.0 

Mgo 

20.70  ■ 

■   21.1 

As  in  milk  so  in  egg  yolk,  a  small  amount  of  zinc  is  found. 

REFERENCES.    Foods. 

1.  Milk.     Meigs  and,  Marsh:  The  comparative  composition  of  human  milk  and  of 

cows'  milk.     Jour.  Biol.  Chem.,   16,  p.   147,  1913.     (Literature  cited 
in  this  paper.) 

2.  Difference  tetween  cooked  and  raw  milk.    Schardinger  reaction.    Bomer: 

Bioehpm.  Zpits..  40,  p.  5.  1912.    McCollwm  and  Dams:  J.  Biol.  Chem., 
23,  p.  247,  1915. 

3.  Milk.     Value  in  growth.    Stepp:  Zeits.  f.  Biol.,  57,  p.  135,  1911. 

McGollum  and  Davis:  Jour.  Biol.  Chem.,  15,  p.  167, 1913. 

Oshome  and  Mendell:  Jour.  Biol   Chem.,  15,  p.  311;  16,  p.  423,  1914. 

4.  Lecithin  content  of  milk.    Koch.  W.:  Zeits.  f.  physiol.  Chem.,  47,  p.  327, 

1904. 

5.  Eggs.    Composition  of  hens'  eggs.    Koto:     Zeits.  f.  physiol.  Chem.,  75,  p.  12, 

1911. 

6.  Proteins  of  the  white.     Osborne  cmd  Campbell:  Protein  constituents  of 

egg  yolk  and  egg  white.     23d  Report  Conn.  Agri.  Expt.  Sta.  339  and  348, 
1900. 

7.  Composition  of  the  body.      Inaba:  Ueber  die  Zusamraensetzung  des  Tierkorpers. 

Arehiv    f.   Physiol.,   1911.   p.   1. 
S.     Composition  of  various  food  matters.     U.  S.  Dept.  of  Agriculture.    O.  E.  S. 
Bulletin  221,  1909. 

9.  Effects    of   different   methods    of   cooking    on    the    digestibility    of   meat. 

Orindley :  V.  R.  Dept  Agriculture.    0.  E.  S.  Bulletin  193,  1907. 

10.  Digestibility  and  nutritive  value  of  bread.     ll'oorf.s  and  Merrill:  V.  S.  Dept. 

of  Agriculture.     0.  E.  S.  Bulletin  No.  143,  1904.     Ibid.,  Snyder:  Bulletin 
126,   1903. 

11.  Dietary   studies   in    public   institutions.     Knight.    Pratt   amd   Langworthy: 

V.  S.  Dept.  of  Agriculture.    O.  E.  S.  Bulletin  223,  1910. 

12.  Milk.     Composition   of   cotes',   goats'   and   human   milk.     Bosworth   and   Van 

Blyke:  Jour.  Biol.  Chem.,  24,  p.  187,  1916. 


CHAPTER  VIII. 

SALIVARY  DIGESTION. 

Digestion  in  general. — All  those  chemical  processes  by  which  foods 
are  rendered  available  to  an  organism  are  in  a  broad  sense  digestive 
processes.  Of  the  various  substances  used  for  the  nourishment  of  the 
body  only  a  few  of  the  simplest  such  as  oxygen,  water,  dextrose  and  inor- 
ganic salts  are  in  a  condition  to  be  utilized  directly  by  the  living  matter 
of  the  body  for  the  repair  of  its  waste,  for  its  upbuilding  and  growth, 
or  as  a  source  of  energy ;  all  other  substances  than  these  must  be  reduced 
to  simpler  compounds  by  which  their  absorbability  or  availability  is 
increased.  Thus  the  starches  must  be  changed  to  simple  monosac- 
charides, the  proteins  to  amino-acids ;  the  fats  to  glycerine  and  fatty  acids. 
The  object,  then,  of  all  these  digestive  processes  is  to  increase  the  avail- 
ability of  the  substances  as  foods. 

In  this  sense  all  the  processes  of  cooking  become  processes  of  diges- 
tion ;  for  by  cooking  disintegrative  chemical  changes  are  brought  to  pass, 
such  for  example  as  the  transformation  of  starches  into  dextrins,  sol- 
uble starch  and  even  disaccharides ;  the  softening  of  the  hard  connective 
tissue  of  meat  by  the  conversion  of  collagen  into  gelatin;  the  changing 
of  some  others  of  the  proteins  to  the  first  stages  of  their  decomposition 
into  acid  albumin  and  albumoses;  or  the  partial  splitting  of  the  fats 
into  glycerol  and  fatty  acids. 

For  other  reasons,  too,  the  processes  of  cooking  are  properly  included 
in  digestion,  since  by  cooking  the  appearance,  taste  and  odor  of  foods  are 
improved,  in  general  opinion  at  any  rate,  and  by  its  pleasant  excitation 
of  the  end  organs  of  the  special  senses  such  food  leads  to  a  reflex  stimu- 
lation of  the  digestive  mechanisms  which  is  a  marked  aid  to  digestion. 
It  must  not  be  forgotten  that  the  digestive  processes  proper  in  the 
body  involve  a  great  number  of  different  factors,  such  as  the  motility  of 
the  stomach  and  alimentary  canal ;  the  secretion  of  the  digestive  juices  in 
amounts  adapted  to  the  food  to  be  digested  and  at  the  times  when  they  can 
be  most  efficient;  and  the  formation  of  a  digestive  fluid  of  the  proper 
activity  and  chemical  composition.  In  the  alimentary  canal,  too,  the 
products  of  digestion  are  being  removed  by  the  processes  of  absorp- 
tion and  this  very  materially  modifies  the  rate  of  digestion.  Digestion 
being  thus  not  a  simple  process  occurring  in  an  inanimate  beaker,  but 
a  highly  complex  adaptation  of  effort  to  work  to  be  performed,  by  a 
very  ingenious  and  admirable  mechanism,  everything  which  affects  this 
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mechanism  becomes  capable  of  directly  or  indirectly  affecting  digestion. 
So  cooking,  because  of  the  development  of  pleasant  and  appetizing  tastes 
and  smells  in  foods,  aids  digestion  more  than  by  its  direct  digestive  action 
on  the  foods. 

In  still  a  third  way  cooking  may  profoundly  aid  digestion  by  killing 
parasites  or  bacteria  which  otherwise  would  gain  a  foothold  in  the  ali- 
mentary canal  and  thus  change  the  nature  of  the  digestive  processes.  The 
meat  of  chickens  and  pigs  is  particularly  apt  to  become  infected  with 
bacteria  which  produce  poisonous  products,  or  which  become  lodged  in 
the  intestine  and  growing  there  produce  toxines.  Many  of  the  head- 
aches, attacks  of  constipation,  diarrheas,  feelings  of  malaise,  fatigue, 
etc.,  from  which  we  suffer,  are  due  to  such  infections,  which  are,  as  often 
as  not,  so  ill  defined  in  their  onset,  so  general  in  their  symptoms  and 
so  gradual  in  their  disappearance  that  the  origin  of  the  ill  feeling  is  often 
incorrectly  referred  to  the  nervous  system,  or  to  any  other  rather  than 
to  the  right  source. 

Auto-digestive  processes  occur,  tod,  in  many  foods.  Thus  meat  and 
eggs  contain  digestive  enzymes  which  come  into  activity  particularly  in 
meat  when  its  reaction  becomes  acid.  These  ferments  digest  the  tissue 
and  even  in  the  absence  of  bacteria  gradually  destroy  the  structure  and 
render  the  constituents  soluble.  The  ripening  of  fruits;  the  changes  in 
tenderness  and  taste  of  meat  of  various  kinds,  or  of  glandular  organs 
used  as  food ;  the  change  in  taste  of  vegetables  with  age ;  all  these  are  due 
to  such  auto-digestive  processes,  which  are  thus  more  or  less  important 
adjuncts  to  the  digestive  juices  of  the  body. 

Saliva.  Origin. — The  first  of  the  digestive  juices  formed  by  the 
body  with  which  the  food  comes  in  contact  is  the  saliva.  This  fluid  is 
secreted  by  the  salivary  glands,  the  parotid,  submaxillary  and  sublingual, 
and  by  the  mucous  membrane  of  the  mouth. 

The  saliva  is  formed  by  the  protoplasm  of  the  cells  of  these  glands 
with  the  admixture  of  salts,  water  and  some  other  substances  derived 
from  the  blood.  The  protoplasm  of  the  inner  end  of  the  cells  of  the  gland 
and  sometimes  the  greater  part  of  the  cell  body  is  transformed  into 
saliva.  Saliva  is  thus  nothing  else  than  transformed  protoplasm.  Dur- 
ing the  time  of  active  secretion  raw  material  is  brought  to  the  gland  by 
the  rapid  blood  stream,  since  vasodilation  takes  place  at  that  time  and 
the  flow  of  blood  to  the  gland  is  greatly  increased.  Out  of  this  raw 
material  crude  protoplasm  is  formed  which  afterwards,  during  the  period 
of  glandular  rest,  either  forms  mucin  and  the  other  salivary  constituents, 
or  it  is  itself  transformed  into  these  substances  by  a  process  of  differ- 
entiation. The  mucin  thus  formed  accumulates  in  the  cells  in  the  form 
of  granules  and  is  discharged  from  the  cell  during  the  process  of 
secretion. 
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The  character  of  the  saliva  secreted  by  the  different  glands  varies. 
The  sublingual  secretion  is  very  thick  and  viscid,  due  to  the  presence 
in  it  of  a  great  deal  of  mucin ;  the  submaxillary,  also,  generally  contains 
a  great  deal  of  mucin  and  its  saliva  is  very  slimy ;  the  parotid,  on  the 
other  hand,  has  a  saliva  with  less  mucin,  or  none  at  all.  Its  secretion  is 
generally  more  watery,  although  it  has  a  good  deal  of  protein  in  it, 
and  it  is  the  secretion  of  this  gland,  more  than  the  others,  which  has  a 
digestive  action  on  starches.  Differences  exist,  also,  in  the  salivas  secreted 
by  the  same  gland  in  different  species  of  animals.  The  parotid  saliva 
of  the  horse,  rabbit  and  sheep  is  generally  more  fluid  than  that  of  the 
dog,  which  indeed  may  be  very  viscid. 

Nervous  control  of  the  secretion. — Each  of  the  salivary  glands  is 
controlled  by  a  double  set  of  nerves,  by  a  nerve  which  dilates  the 
arterioles  of  the  gland,  a  nerve  which  comes  directly  from  the  brain ; 
and  by  a  nerve  which  comes  from  the  sympathetic  system,  and  which 
when  stimulated  produces  constriction  of  the  arterioles  of  the  gland.  It 
is  by  means  of  the  actions  of  these  two  nerves  that  the  nutrition  of  the 
gland  is  controlled  and  its  activities  regulated.  The  quantity  of  saliva 
secreted  on  stimulation  of  the  cerebral  nerves  (chorda  tympani  of  the 
submaxillary  and  sublingual,  and  the  auriculo-temp oralis  branch  of  the 
fifth  nerve,  which  receives  fibers  from  the  glossopharyngeal  nerve  for 
the  parotid)  is  much  greater  and  the  saliva  is  more  watery  than  when 
the  sympathetic  nerves  are  stimulated.  By  some  authors,  notably  by 
Heidenhain,  this  difference  was  ascribed  to  differences  in  the  manner  of 
action  of  the  nerves  on  the  ceiUs  of  the  gland.  Heidenhain  suggested  that 
the  cerebral  nerve  acted  upon  the  gland  cells  in  such  a  manner  as  to 
cause  the  secretion  proper,  that  is  the  discharge  of  water  and  salts, 
whereas  the  sympathetic  acted  upon  the  cells  so  as  to  make  the  cell 
contents  soluble,  so  that  the  secretion  was  a  great  deal  more  concen- 
trated in  the  latter  case.  By  other  physiologists  the  difference  in  the 
character  of  the  secretion  is  ascribed  to  the  difference  in  the  state  of 
the  blood  vessels  accompanying  secretion,  to  the  vasodilation  when  the 
watery  juice  is  secreted  and  to  the  constriction  when  the  more  concen- 
trated juice  is  formed;  by  still  others  (Eckhard,  Bernard  and  some 
others)  the  difference  in  composition  of  the  two  kinds  of  salivas  is 
ascribed  to  the  fact  that  in  part  the  nerve  acts  on  the  cells  of  the  gland 
and  the  blood  vessels,  and  in  part  it  acts  on  the  basement  membrane, 
or  the  basket  cells,  which  are  supposed  to  be  contractile  and  to  press 
out  of  the  gland  some  of  the  stored  secretion.  The  sympathetic  causes 
its  secretion  mainly  by  the  latter  method,  the  chorda  by  stimu- 
lating secreting  cells,  blood  vessels  and  contractile  sheath.  It  is 
impossible  to  go  here  into  a  discussion  of  this  question  which  is  still 
unsettled. 
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Composition  of  mixed  saliva. — The  composition  of  mixed  human 
saliva  was  found  by  Prerichs  to  be  as  follows : 

Water    99.41% 

Solids   , 59 

Mucin  and  epithelium .213 

Soluble  organic  matter  .142 

Inorganic  salts .219 

KCNS    01  -  .00 

In  1,000  parts  of  the  mineral   ash  there  were   found  the  following 

constituents : 

K 457.2 

Na     95.9 

CaO  and  traces  of  Fe  0     50.11 

MgO    .^. ." 1.55 

SO      63.8 

P  d     188.48 

CI    ° 183.52 

The  specific  gravity  is  1.002-1.008. '  The  freezing  poiiit  is  A  =—0.28  to 
— 0.43°.  The  freezing  point  is  higher  than  that  of  the  blood.  The 
viscosity  of  submaxillary-sublingual  saliva  may  be  18-35  times  that  of 
water.  It  is  extremely  variable.  The  great  richness  of  the  ash  in  potas- 
sium will  be  noticed.  In  the  blood,  sodium  greatly  surpasses  potassium 
in  amount.  This  potassium  is  not  free  potassium  chloride,  but  the 
greater  part  is  present  in  organic  combination. 

The  reaction  of  the  saliva  of  the  healthy  is  generally,  if  not  always, 
in  its  fresh  state,  alkaline  to  litmus,  but  acid  to  phenol-phthalein.  This 
would  give  it  a  reaction  about  that  of  the  blood,  or  approximately 
2X10*~*'  normal  concentration  of  hydrogen  ions.  To  neutralize  it  to 
litmus  there  must  be  added  for  10  c.c.  saliva  4.5-14.9  c.c.  of  N/100  acid ; 
and  to  make  it  sufficiently  alkaline  to  redden  phenol-phthalein,  about 
the  same  amount  of  N/100  alkali  is  necessary.  It  will  not  infrequently  be 
found,  however,  in  testing  a  large  number  of  individuals,  that  some  have 
the  mixed  saliva  acid  to  litmus.  This  is  most  often  due  to  an  acidity 
produced  by  the  action  of  bacteria  on  the  fragments  of  food  left  between 
the  teeth,  particularly  carbohydrate  food,  but  it  sometimes  has  another 
explanation,  for  the  saliva  is  found  to  be  acid  to  litmus  when  collected 
directly  from  the  duct  by  a  cannula.  This  acidity  may  be  correlated 
with  age,  state  of  health  or  diet  and  should  be  further  studied.  The 
reaction  of  the  saliva  is  of  considerable  importance  in  the  hygiene  of  the 
mouth,  for  it  is  a  general  impression  of  dentists  that  the  acids  thus  pro- 
duced by  the  action  of  the  bacteria  on  the  saliva  and  food  remnants 
are  an  important  element  in  the  decay  and  corrosion  of  teeth,  or  in  the 
deposition  of  the  tartar  on  the  teeth.  The  subject  needs  a  thorough 
investigation. 
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Amount  of  saliva  secreted  per  day. — It  was  estiraaterl  hy  Bidder 
and  Schmidt  that  about  1,500  c.c.  saliva  were  normally  secreted  per  day, 
but  the  amount  is  no  doubt  subject  to  wide  variation,  depending  on  the 
amount  of  water  consumed,  the  length  of  time  the  food  is  chewed,  the 
character  of  the  food,  its  dryness  and  so  on,  and  the  estimate  is  at  best 
an  approximation  only.  Since  the  salivary  glands  weigh  together  only 
about  66  grams  in  the  adult,  it  is  obvious  that  the  amount  of  saliva 
secreted  is  many  times  the  weight  of  the  glands.  The  secretion  may  be 
greatly  increased  by  many  poisons,  such  as  pilocarpine,  by  mercury 
salts  or  by  some  organic  toxins  which  produce  a  salivation  very  similar 
to  mercury  salivation.  It  is  increased  by  smoking.  It  was  not  infre- 
quent in  the  days  of  mercury  treatment  of  disease  to  give  mercury  freely 
until  three  or  four  liters  of  saliva,  or  even  more,  were  secreted  daily. 
In  mercury  poisoning  one  of  the  symptoms  is  the  copious  flow  of  saliva 
and  the  other  manifestations  of  salivation,  such  as  the  sore  gums 
and  lips. 

Functions  of  the  saliva. — In  man  the  saliva  has  two  main  functions, 
i.e.,  to  aid  swallowing  and  to  assist  in  the  digestion  of  starches.  These 
functions  are  subserved  by  two  different  constituents  of  the  saliva.  The 
former  by  the  water  and  mucin;  the  latter  function  by  the  ptyalin. 
These  are,  therefore,  the  most  important  constituents  and  their  chemistry 
may  now  be  briefly  considered. 

Chemistry  of  mucin. — The  saliva  is  a  modified  skin  secretion,  since 
the  salivary  are  modified  skin,  or  epidermal  glands.  It  is  interesting, 
therefore,  that  they  contain  mucin,  a  glycoprotein,  which  is  such  a  con- 
stant constituent  of  the  skins  of  the  amphibia  and  the  fishes  and  which 
occurs  even  in  the  skin  of  mammals  in  a  disease  of  the  thyroid  known  as 
niyxnedema.  Mucin,  or  mucoid  substances,  are  round  not  only  in  the 
salivary  glands  and  in  the  skin,  but  similar  glycoproteins  may  be  iso- 
lated from  the  tendons,  connective  tissues,  from  cartilage,  from  amyloid, 
and  they  occur  not  infrequently  in  the  invertebrates.  The  general  com- 
position of  various  mucins  is  shown  in  the  following  figures: 


C 

11 

N 

S 

0 

Author 

Snail's    mucin 

50.32 

6.84 

13.65 

1.75 

27.44 

Hammarsten 

Tendon  mucoid 

48.7G 

0.53 

11.75 

2.33 

30.03 

Chittenden  and  Gioa 

Submaxillary  mucin . . 

48.84 

6.80 

12.32 

0.84 

31.30 

Salivary  mucin 

48.2G 

6.91 

10.70 

1.38- 
1.45 

Mfiller 

They  contain  on  the  average  less  carbon  and  nitrogen  and  more  oxy 
gen  and  sulphur  than  the  simple  proteins. 

The  mucins  are  conjugated  proteins,  they  are  glycoproteins.  That 
is,  when  they  are  hydrolyzed  by  acids  they  yield  a  carbohydrate  radicle. 
The  exact  composition  of  the  mucin  of  the  submaxillary  or  of  any  other 
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true  slimy  mucin  has  not  yet  been  determined,  but  extensive  studies  have 
been  made  by  Gies,  Levene  and  others  on  the  mucoid  of  the  tendons. 
The  relation  between  the  chrondroproteins  (mucoids)  and  mucin  is  stUl 
uncertain,  but  the  former  contains  more  sulphur  than  the  latter.  The 
mucins  iiave  the  general  properties  of  the  nucleins,  that  is  they  are  read- 
ily soluble  in  dilute  alkali,  are  readily  precipitated  by  dilute  acid,  but 
are  soluble  in  stronger  acid.  They  are  prepared  by  extracting  tissues 
with  water,  or  with  dilute  alkali  and  precipitating  with  acetic  acid.  Such 
preparations  generally  .contain  nucleoprotein.  They  are  acid  bodies 
and  exist  in  the  tissues  as  salts.  The  mucin  of  the  submaxillary  gland 
probably  exists  as  the  potassium  salt  Being  acid  bodies,  like  the 
nucleins,  they  form  compounds  with  basic  dyes,  or  at  least  some  of  the 
mucins  thus  combine,  and  one  of  the  principal  mucin  stains  is  thionin, 
which  is  such  a  basic  dye.  According  to  Levene,  submaxillary  mucin 
has  some  of  its  sulphur  as  ethereal  sulphate. 

On  decomposition  of  tendon  mucoid  by  hydrolysis  by  acids,  Levene 
found  that  it  split  into  sulphuric  acid,  galactose,  galaetosamine ;  and  by 
stronger  acid  into  leucine,  tyrosine,  levulinic  acid  and  acetic  acid.  It 
contains,  therefore,  a  hexose  (shown  by  the  levulinic  acid)  and  sulphuric 
acid.  It  is  thus  clear  that  the  mucoids  must  be  closely  related  to  the 
cartilages.  The  organic  matrix  of  cartilage  consists  of  two  proteins, 
one  of  which  is  a  conjugated  protein  formed  by  a  simple  protein  united 
with  chondroitic  acid,  that  is  with  cartilage  acid,  since  the  word  ehon- 
droitic  means  cartilage.  This  cartilage  acid,  or  chrondroitic  acid,  is 
an  acid  found  in  small  amounts  in  the  urine.  When  hydrolyzed  by  acid 
it  breaks  up  according  to  the  scheme  shown  on  page  325. 

The  final  products  of  decomposition  of  the  chrondroitic  acid  are  there- 
fore glucosamine,  or  levulinic  acid  from  it,  sulphuric  acid,  acetic  acid,  gly- 
curonic  acid.  These  are  just  the  splitting  products  which  Levene  found 
among  the  decomposition  products  of  tendon  mucoid.  It  seems,  there- 
fore, that  the  prosthetic  group  of  the  mucoid  molecule  is  chrondroitic 
acid,  or  a  closely  similar  acid.  He  was  not  able  to  isolate  the  chrondroitic 
acid  itself.  Mucin  is  related,  therefore,  to  cartilage  through  the  mucoids. 
The  difference  between  them  is  probably  to  be  found  in  the  protein  part 
of  the  molecule  and  the  proportion  of  chondroitic  acid.  Mucin  also 
occurs  chiefly  as  the  potassium  salt,  whereas  cartilage  mucoid  is  prob- 
ably present  chiefly  as  the  calcium  salt. 

The  relation  of  mucin  to  cartilage  is  extremely  interesting  from  the 
evolutionary  standpoint.  It  shows  that  mesodct-ttial  and  the  ectodermal 
tissues  are  possibly  not  so  unlike  in  their  chemical  nature.  A  very  inter- 
estiiig  fact,  also,  is  the  resemblance  in  composition  of  mucin,  which 
occurs  in  such  quantities  in  the  skin  of  the  lower  vertebrates,  to  chitin, 
the  hard  covering  of  the  arthropods.     When  chitin  is  hydrolyzed  it 
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yields  glucosamine  and  acetic  acid.  It  is  supposed  to  be  a  polymerized 
monoacetyl  glucosamine.  There  is  always  present,  also,  some  sulphuric 
acid,  but  this  is  generally  regarded  as  an  admixture  of  inorganic 
sulphate.  In  other  words,  chitin,  which  is  the  main  constituent  of  the 
external  and  internal  hard  parts  of  the  arthropoda,  is  chemically  related 
to  the  cartilage  or  the  organic  matrix  of  the  internal  skeleton  of  the 
vertebrates  and  to  mucin,  which  is  such  an  important  constituent  of  the 
skins  of  vertebrates.  These  facts  lend  support  to  the  view  that  the  chitin 
of  the  invertebrate,  perhaps  by  combination-  with  glyeurouic  and  sul- 
phuric acids,  formed  the  matrix  of  the  mucin,  mucoid  and  cartilage  of 
the  vertebrates.  These  facts  are  of  interest  in  the  light  of  the  theory  of 
Gaskell  and  Patten  that  the  arthropods  were  the  ancestors  of  the 
vertebrates. 

C    H    NSO     +  H  0  =  H  SO  +  C    H    NO 

18      27  n     '^        2  2        4  T^       18     27  14 

Chondroitio  acid.  Chrondroitin. 

Chrondroitin  in  its  properties  resembles  gum  arable.    It  yields  acetic 
acid  and  chrondrosin. 

C    H    O    N+3HO  =  3CHO   +  C    H    NO 

18      27     14  1^  2  2      4     2^^       v;       21  11 

Chondroitin.  Acetic  Chondrosin. 

acid. 

On  further  hydrolysis  chondrosin,  which   is  a  reducing  substance, 
splits  as  follows : 

C    H   NO     4-H0=   CH    0   4- C  H    (NHJO 

12      21  11  T^       2      fl      10     7     i^       6      11  ^  2'      1- 

Chondrosin.  Glycuronic  eiueosamino. 

acid. 
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Proposed  formula  for  chondroitic  acid.         ( ^28'^46^2^2'^29 ^ 
(Levene  and  LaFarge.) 

While  the  composition  of  the  salivary  mucin  is  still  uncertain,  there 
are  several  facts,  which  indicate  that  it  is  closely  related  to  the  mucoids. 
It  has  been  shown  (Miiller),  for  example,  that  of  the  total  sulphur  in 
the  compound  35  per  cent,  is  in  the  form  of  oxidized  sulphur,  and 
(Levene)  that  part  of  it  is  present  as  ethereal  sulphate.  The  carbo- 
hydi-ate  radicle  makes  36.9  per  cent,  of  the  salivary  mucin,  and  about 
24  per  cent,  of  the  submaxillary  mucin  (Miiller) .    This  radicle  is  prob- 
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ably  at  least  in  part  glucosamine.  Moreover,  it  is  probably  a  monoacetyl 
hexosamine.  This  relates  the  mucin  at  once  to  chitin,  which  is  a  polymer 
of  an  acetylated  glucosamine.  On  cooking  with  alkali  it  splits  off  a 
complex  carbohydrate,  called  animal  gum  by  Landwehr,  which  does  not 
itself  reduce  Fehling's  solution  but  only  after  hydrolysis.  This  again 
would  relate  it  to  chitin.  It  appears,  then,  that  the  prosthetic  group  of 
mucin,  if  not  chondroitic  acid,  is  at  any  rate  related  to  it  and  resem- 
bles chitin  in  many  ways.  The  protein  part  of  the  molecule  is  still  not 
well  investigated.  Mucin  which  has  been  warmed  with  alkali  gives  a 
very  red  color  with  dimethylaminoazobenzaldehyde  (Ehrlich).  This 
reaction  is  given  also  by  acetylated  glucosamine  when  it  is  treated  with 
alkali.    Chitosan  from  chitin  does  not  give  this  reaction. 

Dry  mucin  is  a  white  amorphous  substance,  which  swells  in  water 
and  dissolves  on  the  addition  of  a  little  alkali.  As  precipitated  by  acetic 
acid  its  reaction  is  acid.  It  gives  the  protein  reactions,  but  it  does  not 
coagulate  on  heating  a  neutral  solution.  It  is  completely  precipitated  by 
saturation  with  ammonium  sulphate,  but  not  by  magnesium  sulphate. 

Preparation  of  mucin. — ^Mucin  is  prepared  from  the  submaxillary 
gland  of  the  dog  by  extracting  the  finely  hashed  organ  with  water  and 
filtering.  HCl  of  25  per  cent,  is  then  added  to  the  filtrate  until  this 
contains  0.15  per  cent,  of  HCl.  On  the  addition  of  the  acid  there  is  at 
first  a  precipitate,  but  this  soon  redissolves.  The  clear  solution  may  be 
then  diluted  with  2-3  volumes  of  water  when  the  mucin  precipitates 
out.  Tendon  mucoid  may  be  prepared  from  the  ox  Achilles  tendon  by 
extracting  the  chopped  tendon  first  with  water  and  then  10  per  cent. 
NaCl  to  free  it  from  protein.  It  is  then  extracted  with  CaCOHJ.  The 
extract  is  filtered ;  the  mucoid  is  precipitated  with  acetic  acid  and  puri- 
fied by  repeated  solution  in  dilute  alkali  and  reprecipitation  with  acid. 

B.  Digestive  action  of  saliva. — That  human  saliva  has  the  power 
of  converting  starch  into  sugar  was  discovered  by  Leuchs  in  1831.  If 
a  little  saliva  is  mixed  with  starch  paste,  it  may  be  seen  that  the  paste' 
very  quickly  becomes  clear  like  water ;  if  a  little  of  it  is  then  poured 
out,  it  will  be  found  that,  whereas  it  was  before  very  thick,  it  now  pours 
easily ;  in  other  words,  its  viscosity  has  been  greatly  reduced ;  if  a  little 
of  the  clear  solution  is  added  to  some  Fehling's  solution  in  a  test-tube 
and  boiled,  it  will  be  found  that  the  Fehling's  solution  is  reduced,  whereas 
it  was  not  reduced  either  by  the  starch  alone,  or  by  the  saliva  alone ;  by 
the  action  of  the  saliva  a  reducing  substance  has  been  formed;  finally, 
if  after  a  short  time  one  adds  to  the  mixed  solution  of  starch  and  saliva 
a  solution  of  iodine  in  potassium  iodide,  it  will  be  found  that  the  iodine 
no  longer  forms  the  blue  color  which  it  formed  in  the  starch  solution 
before  the  addition  of  the  saliva,  but  it  either  gives  no  color  at  all  or  it 
develops  a  red  color.     These  facts  show  that  saliva  chtinges  both  the 
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chemical  and  physical  properties  of  starch  solutions  and  that  the  starch 
disappears  and  a  reducing  substance  appears  in  its  place.  If  the  starch 
solution  thus  acted  upon  by  saliva  is  tasted,  it  will  be  found  to  have 
become  sweet.  From  these  observations  we  infer  that  saliva  changes 
starch  into  some  kind  of  reducing  sugar. 

Nature  of  the  changes  involved  in  the  digestion  of  starch. — The 
further  study  of  the  changes  which  have  occurred  in  the  starch  solution 
have  not  yet  succeeded  in  entirely  clearing  up  the  matter.  The  question 
may  first  be  asked,  What  is  the  nature  of  the  sugar  produced  ?  This  is 
certainly  in  greater  part  the  disaccharide,  maltose,  C12H22O11.  There 
appears,  however,  particularly  toward  the  end  of  the  action,  to  be  some 
glucose  present  also.  But  besides  the  maltose  there  are  also  formed  in 
the  course  of  the  digestion  substances  of  -a  very  much  lower  reducing 
power,  or  of  no  reducing  power  at  all,  and  substances  which  give  with 
iodine  a  red  coloration,  or  no  coloration  at  all.  These  substances  are 
called  "  dextrins,"  because  they  are  dextro-rotatory.  The  name  was 
given  by  Biot,  the  father  of  polariscopic  investigations.  The  dextrin 
which  gives  with  iodine  a  red  coloration  is  called  erythrodextrin,  or 
the  red  dextrin  (Gr.  erythros,  red).  The  dextrin  which  gives  no  color 
with  iodine  is  called  achroodextrin,  or  the  colorless  dextrin  (Gr.  achroos, 
colorless) .  These  substances  are  colloidal  in  nature.  While  all  observ- 
ers are  agreed  that  these  various  substances  are  formed  in  the  course 
of  the  digestion,  there  is  no  agreement  as  to  the  exact  order  in  which 
they  appear  and  their  relation  to  each  other.  The  difficulty  in  the  way 
of  a  solution  of  the  problem  arises  in  part  from  the  difficulty  of  sepa- 
rating quantitatively  the  various  substances  formed,  but  also  because 
the  substrate,  the  raw  material  which  is  digested,  is  not  a  pure  substance. 
There  is  certainly  in  every  starch  grain  some  substance  of  the  nature  of 
cellulose  which  is  far  more  resistant  to  the  action  of  the  enzyme  than 
starch  proper.  Furthermore,  the  ferment  solutions  may  contain  more 
than  one  enzyme.  Probably  a  great  deal  of  experimental  work  will  be 
required  before  this  matter  is  entirely  cleared. 

The  products  of  the  digestion  of  starch  by  malt  extract,  which  has  a 
digestive  property  similar  to,  but  not  in  all  points  identical  with,  ptyalin, 
were  found  by  Musculus  and  Gruber  to  be  the  following : 

(a)  Soluble  starch.  This  was  insoluble  in  cold  water,  but  soluble  at  50°. 
Iodine  colored  its  solution  wine  red,  but  the  dry  substance  blue.  The  reducing  power 
was  6%  of  that  of  glucose,      (o)     =-|-218°. 

(b)  Erythrodextrin.  Soluble  in  cold  water.  Both  when  dry  and  in  solution 
gives  a  red  color  with  iodine.    Not  a  pure  substance. 

(c)  Achroodextrin  a.  No  color  with  iodine  (a)  =-(-210°-  Reducing  power 
12%  that  of  glucose.    Less  easily  changed  to  sugar  than  erythrodextrin. 

(d)  Achroodextrin,  j3.  (<i)j,  = -f  190.  Not  digested  by  malt  diastase.  Reducing 
power  12%  that  of  glucose. 
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(e)  Aohroodextrin,  y.  (a)j,  =  +  150°.  Not  digested  by  diastase.  Reducing 
power  28%  that  of  glucose. 

(f)  Maltose,  C  H  0  .  (a)^  =+150°  Reducing  power  66%  that  of  glucose. 
It  is  capable  of  fermentation  by  yeast.     It  is  not  attacked  by  malt  diastase. 

(g)  Glucose,  (JH    U.     {a)^    =+56°.     Fermentable.     Reducing  power  100%. 

According  to  Brown  and  Herron,  the  simplest  formula  for  soluble  starch 
is  (Ci2H2oOio)io-  This  was  believed  to  split  off  maltose  under  the  action 
of  malt  diastase  and  to  give  erythrodextrin  (Ci2H2oOii,)9.  This  losing 
another  molecule  of  maltose  went  into  a  second  erythrodextrin,  and  this 
after  the  loss  of  another  molecule  of  maltose  went  into  achroodextrin. 
The  final  mixture  contained  81  per  cent,  of  maltose  and  19  per  cent,  of 
achroodextrin.  In  their  opinion  the  dextrins  had  no  power  of  reduction 
when  they  were  entirely  free  from  maltose. 

Since  the  maltose  comes  off  almost  instantaneously  when  starch  solu- 
tion is  mixed  with  saliva,  it  is  generally  believed  that  the  course  of  the 
reaction  is  a  gradual  etching  away  of  the  starch  molecule  by  splitting 
off  successive  molecules  of  maltose  by  hydrolysis,  as  pictured  in  the 
following  scheme: 

Starch  +  H  O  =  Soluble  starch  +  Maltose 
Soluble  starch  +  H^O  =  Erythrodextrin  +  Maltose 
Erythrodextrin  +  H  0  =Achroodexlri II   a    +  Maltose 
AchroodeN trill  a   +  H  0  i=  Achroodextrin   j3    +  Maltose 
Achroodextrin  /3  +  H  0  =  Maltose  +  Maltose. 

We  may  accept  this  scheme  as  the  best  one  possible  with  our  present 
knowledge,  although  there  are  many  grave  difficulties  in  the  way  of  its 
acceptance  as  a  real  picture  of  the  process.  The  main  fact  is,  however, 
that  dextrins  and  maltose  are  produced  by  the  action  of  saliva  on  starch. 
There  is  also  in  human  saliva  some  maltase  which  converts  some  of  the 
maltose  to  glucose. 

Ptyalin. — The  question  may  now  be  asked.  What  is  it  in  the  saliva 
which  enables  it  to  act  thus  on  starch  ?  A  few  simple  experiments  show 
that  the  active  substance  is  destroyed  or  loses  its  activity  if  the  saliva 
is  heated,  and  that  it  is  precipitated  from  the  saliva  by  alcohol.  It  is 
then  not  heat  stable,  and  it  is  probably  an  organic  substance.  Since  a 
very  little  of  it  can  convert  a  very  large  amount  of  starch  into  sugar 
by  hydrolysis,  it  evidently  belongs  in  the  group  of  substances  known 
as  catalysts,  or  enzymes.  It  is  called.  "  ptyalin,"  a  name  given  by 
Berzelius  to  the  peculiar  organic  matter  of  the  saliva,  but  now  confined 
to  the  ferment.  The  word  comes  from  the  Greek,  ptyalon,  spittle. 
Ptyalin  is,  therefore,  the  enzyme  in  saliva  which  digests  starch.  It  is 
hence  an  "  amylase,"  that  is  an  enzyme  which  hydrolyzes  starch,  or 
amylum.  It  is  not  certain  whether  there  is  but  a  single  enzyme  in 
ptyalin.  There  may  be  several, — an  amylase  converting  starch  to  dex- 
trin, and  a  dextrinase  which  converts  dextrin  to  maltose.    There  is  hardly 
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a  doubt  that  in  the  pancreas  the  amylase  is  such  a  mixture,  and  it  is 
probable  that  this  is  the  case  in  the  saliva  also.  Such  amylolytic 
enzymes  are  widespread  in  nature,  being  found  not  only  in  all  vegetable 
cells  which  contain  starch,  but  also  widely  distributed  in  animals,  being 
found  in  the  blood,  saliva,  pancreatic  secretion,  in  the  liver  and  prob- 
ably in  the  muscle  also.  They  are  also  very  often  present  in  moulds, 
yeasts  and  bacteria,  although  common  brewer's  yeast  does  not  contain 
amylase.  These  amylolytic  (literally  starch-loosening)  enzymes  are 
sometimes  called  diastases  in  English,  American  and  German  litera- 
ture, but  the  French  use  the  term  diastase  as  a  synonym  for  enzyme  in 
general.  The  French  usage  is  the  more  correct.  The  name  diastase  was 
given  to  the  starch-splitting  enzyme  in  malt  by  Payen  and  Persoz  to 
indicate  that  it  was  different,  or  stood  in  a  class  by  itself.  The  word 
means  "  to  stand  apart,"  Gr.  dia,  apart,  or  through.  With  this  confu- 
sion in  its  significance  it  is  perhaps  better  to  drop  the  word  entirely 
and  replace  it  by  the  word  enzyme  as  the  group  name,  and  amylase  as 
a  specific  name  of  the  starch-splitting  ferments.  Malt  amylase  was  first 
discovered  by  Dubrumfaut  in  1823,  and  isolated  and  carefully  studied 
by  Payen  and  Persoz  in  1833.  It  was  found  by  Kraussman  and  Krauch 
in  leaves;  by  Baranetsky  in  the  tubercles  of  potatoes  in  repose;  by 
Duclaux  in  moulds  such  as  Aspergillus  niger.  It  was  found  in  the  saliva 
by  Leuchs  in  1831,  and  extracted  from  saliva  by  Miahle  in  1845;  the 
latter  year  the  amylase  of  the  pancreas  was  discovered  by  Bouchardat 
and  Sandras. 

While  all  these  different  enzymes  have  in  common  a  similar  action  in 
producing  a  soluble  sugar,  maltose,  from  starch,  they  differ  among  them- 
selves so  that  they  constitute  not  one  enzyme,  but  a  group  of  enzymes. 
The  amylase  of  the  saliva  is  much  more  sensitive  to  heat  than  that  of 
malt.  The  amylase  of  the  pancreas,  amylopsin,  converts  the  starch  into 
dextrins  more  rapidly  than  the  dextrins  into  maltose.  And  there  are 
other  differences  in  their  actions. 

Composition  and  manner  of  action  of  ptyalin. — The  composition 
of  ptyalin  has  not  been  much  studied,  owing  in  large  part  to  the  diffi- 
culty of  procuring  sufficient  material  and  of  separating  the  enzyme  from 
mucin.  But  the  composition  of  other  amylases,  such  as  that  from  malt, 
has  been  often  investigated,  as  well  as  that  from  the  pancreas.  The  best 
method  for  the  extraction  from  malt  or  the  pancreas  is  to  extract  the 
tissues  or  material  with  two  to  four  volumes  of  dilute  alcohol,  20-30 
per  cent.,  and  then  to  precipitate  the  amylase  b.y  the  addition  of  three 
volumes  of  absolute  alcohol.  This  is  the  method  followed  by  Lintner  in 
the  study  of  malt  diastase.  It  may  also  be  extracted  with  water  and 
precipitated  by  saturating  with  magnesium  sulphate.  Still  another 
method  was  followed  by  Fraenkel  and  Hamburg.    They  fermented  malt 
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extract  by  yeast  to  get  rid  of  any  maltose  or  other  fermentable  sugar; 
filtered  from  the  yeast  through  a  porcelain  filter;  precipitated  the 
protein  very  carefully  by  basic  lead  acetate ;  and  fermented  the  filtrate 
with  a  nitrogen-hungry  yeast  to  free  from  the  amino-acids  and  peptones ; 
again  filtered  through  a  porcelain  filter;  and  evaporated  to  dryness 
in  a  vacuum  at  a  low  temperature.  The  per  cent,  of  composition  of 
various  amylases  obtained  by  various  observers  is  as  follows : 
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4.60 
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52.50 

6.72 

16.10 

1.90 

0.66 

22.78 

Opinions  vary  widely  as  to  the  nature  of  the  active  principle.  Arm- 
strong has  suggested  that  the  enzymes  are  of  the  nature  of  the  sub- 
stances they  act  on,  that  glucoside-splitting  enzymes,  for  example,  are 
glucosides.  Lintner  thinks  that  the  active  principle  is  a  carbohydrate 
and  the  nitrogen  present  in  most  preparations  is  an  impurity..  On  the 
other  hand,  there  was  no  carbohydrate  in  Osborne's  preparation,  so  that 
the  active  principle  can  hardly  be  a  carbohydrate.  Fraenkel  and  Ham- 
burg found  that  their  very  active  preparations  gave  no  protein  reac- 
tions, except  the  faintest  Millon  and  xanthoproteic.  The  carbohydrate 
reaction  was  strong.  They  concluded  with  Lintner  that  it  was  a  carbo- 
hydrate. Wroblewski  says  that  he  has  prepared  a  very  active  substance 
from  malt  extract  which  gave  no  carbohydrate  reactions,  but  was  of  the 
nature  of  an  albumose.  The  following  facts,  however,  are  admitted  by 
all  investigators :  Nearly  all  preparations,  if  not  all,  contain  phosphoric 
acid  which  it  is  very  difficult  or  impossible  to  eliminate  and  to  keep  the 
activity  of  the  enzyme.  There  is  a  growing  consensus  of  opinion  that 
in  most  enzyme  decompositions,  at  least  those  of  the  carbohydrates, 
phosphoric  acid  is  playing  some  unexplained  role.  There  is  practical 
agreement,  also,  that  generally  the  enzyme  is  found  to  be  accompanied 
by,  or  to  be  part  of,  a  gum,  and  this  gum  contains  phosphoric  acid. 
This  gum  is  an  araban,  a  pentose  gum.  In  all  organs  from  which  amylase 
has  been  isolated  pentoses  have  been  found  on  hydrolysis.  All  observers 
agree  that  the  active  principle  is  a  colloid.  It  will  not  diffuse.  No 
preparation  of  active  amylase  has  been  obtained  free  from  nitrogen  and 
I  he  protein  reactions,  whereas  some  have  been  obtained  free  from  carbo- 
hydrate reactions.  In  view  of  these  facts  we  may  tentatively  conclude 
that,  while  the  nature  of  the  enzyme  is  still  quite  unknown,  the  indica- 
tions are  that  the  active  part  of  the  molecule  is  a  protein,  probably 
colloidal,  and  that  this  active  principle  is  usually  combined  with  a  col- 
loidal, carbohydrate  gum.  It  is  possible  that  it  is  only  active  when  united 
with  the  gum,  but  the  probability  is,  the  writer  thinks,  that  the  gum  acts 
■)nly  as  a  bearer  of  the  active  principle,  making  it  more  stable,  and  that 
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the  principle  is  more  active  when  free  from  the  gum.  In  other  words, 
that  the  compound,  gum-active  principle,  is  the  proenzyme,  or  zymogen 
as  it  is  called,  from  which  the  active  principle  may  be  set  free. 

There  is  no  doubt  that  the  active  principle,  whatever  its  nature,  com- 
bines with  starch  and  other  carbohydrates.  This  is  shown  by  the  fact 
that  it  is  much  more  stable  in  the  presence  of  these  bodies.  The  enzyme 
is  more  resistant  to  heat,  ultra-violet  light,  alcohol  and  other  poisons  when 
carbohydrates  are  present  in  the  solution. 

Determination  of  the  activity  of  amylolytic  enzymes. — The  activity 
of  any  preparation  of  amylase  may  be  measured  in  various  ways.  As 
soon  as  the  starch  solution  becomes  clear,  the  further  course  of  the 
digestion  may  be  followed  by  the  diminution  in  the  rotatory  power.  In 
quantitative  determinations  by  this  method  it  is  necessary  to  correct  for 
the  mutarotation  of  the  maltose  by  the  addition  of  a  little  alkali  before 
polarization.  The  alkali  stops  the  digestion  also.  Another  method  is  to 
fill  glass  tubes  of  an  internal  diameter  of  about  2  mm.  with  a  thick 
starch  paste,  cut  the  tubes  in  small  lengths,  place  them  horizontally  in  a 
small  flask  with  the  solution  of  amylase  to  be  tested  and  measure  the 
length  of  the  starch  column  dissolved  at  different  time  intervals. 
Another  method  is  to  determine  the  length  of  time  which  is  required  for 
the  blue  iodine  reaction  of  a  starch  paste  of  known  concentration  at  a 
known  temperature  and  with  a  known  amount  of  ferment  to  disappear. 
This  method  is  better  than  measuring  the  rate  of  increase  of  the  reducing 
power  of  the  solution  by  Fehling's  solution,  for  the  latter  may  involve 
several  enzymes,  whereas  the  iodine  reaction  probably  involves  only  the 
amylase  proper.  Another  method  which  again  involves  the  dextrinases 
as  well  as  the  amylases  is  to  measure  the  rate  of  change  of  the  viscosity 
of  the  solution  by  a  viscosimeter.  In  all  these  measurements,  if  the 
activity  of  different  preparations  of  the  enzyme  are  to  be  compared,  it 
is  necessary  to  be  sure  that  the  conditions  of  activity,  such  as  the  acidity, 
proportion  of  inorganic  salts,  etc.,  are  in  all  cases  at  the  optimum  for 
the  enzyme  being  tested. 

Conditions  of  activity  of  the  ptyalin. — The  optimum  temperature  for 
the  action  of  ptyalin  or  saliva  on  starch  is  40-45°.  The  action  is  per- 
manently lost  if  saliva  is  heated  rapidly  to  75° ;  and  more  gradually  lost 
if  heated  for  longer  periods  at  lower  temperatures.  While  the  reaction 
of  the  saliva  is  very  faintly  alkaline  to  litmus,  the  optimum  reaction  for 
the  digestion  of  starch  is  a  very  faint  acidity.  Thus  the  addition  of  car- 
bonic acid  hastens  the  action,  as  illustrated  by  the  table  on  page  332 
( Chittenden  and  Painter) .  The  degree  of  acidity  must,  however,  be  very 
slight.  The  most  favorable  concentration  of  hydrogen  ions  was  found 
to  be:  NX  10-5=*. 

If  more  acid  than  this  is  present,  if  sufficient  is  present  to  turn  congo 
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red  violet,  a  hydrogen  ion  concentration  of  NX10~*,  the  activity  is 
stopped.  The  digestion  will  still  proceed  in  faintly  alkaline  solution,  but 
it  is  already  partially  inhibited  if  the  reaction  is  alkaline  to  phenolphtha- 
lein  and  stronger  amounts  of  alkali  quickly  bring  the  reaction  to  an  end. 
How  acids  accelerate  the  ptyalin  action,  and  they  act  in  exactly  this  same 
manner  toward  another  enzyme,  invertin,  is  not  yet  known.  One  sug- 
gestion is  that  the  acids  form  the  active  principle  from  the  inactive 
zymogen.  Perhaps  they  set  free  the  active  principle  from  the  gum ;  per- 
haps they  may  act  in  other  ways  by  combining  with  the  enzyme,  or  the 
starch.    This  matter  has  to  be  left  for  future  investigation. 

Stiirch  changed  Relative  activity 

When  no  gas  passed  through   24.15%  100 

Air  25.02  103.6 

Ojj        27.72  114.7 

COjj    28.82  116.8 

H  S    25.23  104.4 

h"     22.86  94.6 

2 

The  presence  of  some  salt  is  necessary  for  the  action.  Carefully 
dialyzed  saliva  loses  much  of  its  activity,  and  this  is  restored  by  the  action 
of  common  salt.  Phosphates  particularly  favor  some  of  the  amylases. 
How  the  salts  act  is  not  clear,  but  possibly  they  increase  the  fineness  of 
subdivision  of  the  enzyme,  just  as  they  help  to  dissolve  globulins,  and 
thus  in  effect  increase  its  concentration.  Salts  of  the  heavy  metals  may 
be  very  toxic.  Thus  uranium  salts  even  in  a  dilution  of  .0001  per  cent, 
retard  and  0.008  per  cent,  of  uranyl  nitrate  completely  inhibits.  Silver 
nitrate  and  mercuric  chloride  are  also  highly  toxic.  The  toxic  action  of 
these  salts  indicates  that  the  active  principle  is  probably  a  protein.  If 
the  acidity  is  already  beyond  the  optimum,  the  addition  of  amino-acids 
greatly  improves  the  rate  of  digestion,  since  these  substances  combine 
with  the  acids  and  thus  help  establish  the  optimum  acidity.  It  will  be 
observed  that  the  optimum  conditions  for  the  action  of  saliva  are  those 
present  in  the  medium  for  which  it  was  designed,  if  we  may  use  a 
teleologieal  expression.  When  the  food  is  swallowed  we  have  in  the 
stomach  a  very  faint  acidity,  some  salts  and  proteins  with  their  decom- 
position products. 

The  products  of  digestion  inhibit  the  action  of  ptyalin. — As  is  the 
case  with  most  enzymes,  the  speed  of  conversion  of  the  substrate  is 
reduced  by  the  presence  of  the  hydrolytic  products  of  the  digestion.  It 
will  be  found  that  if  two  starch  solutions  of  the  same  strength  and  the 
same  temperature  are  taken  and  to  one  some  maltose  is  added  and  not 
to  the  other,  and  if  to  each  the  same  amount  of  saliva  is  added,  the  one 
without  the  maltose  ioses  the  iodine-starch  reaction  before  the  one  with 
the  maltose.    The  action  of  the  ptyalin  on  the  starch  is  reduced  by  the 
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presence  of  the  maltose.  This  fact  of  the  retardation  of  the  velocity  by 
the  products  of  the  digestion  is  generally  true  for  all  hydrolytic  enzymes. 
Now  in  the  stomach  and  intestines  this  retarding  action  is  avoiilcd  by 
the  reabsorption  of  the  maltose  by  the  walls  of  the  intestine  as  rapidly 
as  it  is  formed  so  that  it  does  not  remain  to  vex  the  ptyalin  by  its 
presence. 

The  effect  of  the  removal  of  the  maltose  in  increasing  the  speed  of 
digestion  of  starch  is  shown  very  cleai-ly  in  the  following  experiment  of 
Lea,  in  which  the  course  of  the  digestion  of  the  starch  was  followud  by 
the  iodine  reaction.  In  one  case  the  digestion  was  carried  on  in  a  beaker, 
and  in  the  other  in  a  dialyzing  tube  immersed  in  running  water  so  that 
the  maltose  was  dialyzed  out. 


Time 

Dialyeed  starch  Bolution 

Not  dialyscd 

11.00 

Pure  blue 

Pure  blue 

11.20 

Trace  of  violet 

((        (( 

11.40 

Red  with  violet  tinge 

Violet 

12.15 

Colorless 

Red  with  violet 

12.00 

<c 

Very  faint  red 

1.15 

(C 

Colorless 

This  retarding  action  of  maltose  and  other  sugars  on  the  rate  of 
digestion  of  starch  by  ptyalin  was  at  first  supposed  to  be  due  to  the  mass 
action  of  the  maltose.  The  reaction  by  which  the  digestion  of  the  starch 
is  produced  was  supposed  to  be  a  reversible  one. 

(C    H    O    )     +HOz=rraC,H    O, 

12      20     10    n    ^^       2  12      22     11 

Starch.  Maltose. 

The  addition  of  maltose  might  be  supposed  to  reverse  the  reaction  and 
thus  to  check  the  rapidity  of  the  disappearance  of  the  starch.  This 
explanation  is  incorrect,  or  at  least  insufficient.  The  fact  is  that  the 
maltose  combines  with  the  enzyme,  thus  removing  it  from  acting  on  the 
starch.  This  can  be  shown  by  the  addition  of  sugars  other  than  maltose 
to  the  reacting  mixture.  All  will  be  found  to  retard  the  reaction,  but 
maltose  and  glucose  retard  it  most. 

Lawr  of  action  of  the  ptyalin. — If  a  dilute  solution  of  starch  is  used 
and  the  enzyme  added  in  more  than  a  minimum  amount,  the  rate  of 
digestion  will  be  found  to  double  with  a  doubling  of  the  amount  of 
enzyme.  In  other  words,  the  speed  of  the  reaction  goes  proportional  to 
the  concentration  of  the  enzyme.  Chittenden  and  Smith,  using  100  c.c. 
1  per  cent,  starch  solution  with  varying  amounts  of  saliva  which  had 
been  diluted  50  to  100  times,  obtained  in  30  minutes  at  40°  C.  the  folio-r- 
ing per  cent,  of  sugar : 

Saliva  0.5  e.e.        1.0  c.c.  2.0  c.c. 

Sugar  per  cent.     3.60  7.23  16.92 
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The  increase  in  sugar  was  nearly  proportional  to  the  increase  in  the 
saliva.  If,  however,  tubes  of  starch  paste  are  used,  so  that  the  enzyme 
must  always  act  on  the  starch  in  the  presence  of  a  strong  solution  of  the 
products  of  its  activity  which  diffuse  away  very  slowly,  then  the  rate 
goes  approximately  proportional  to  the  square  root  of  the  concentration 
of  the  enzyme.  That  is,  if  of  two  tubes  one  is  placed  in  an  enzyme 
solution  four  times  as  concentrated  as  the  other,  the  rate  at  which  the 
starch  is  digested  in  the  two  tubes  will  not  be  as  one  is  to  four,  but 
approximately  as  one  is  to  two.  The  rate  will  be  doubled,  not  increased 
four  times.  One  will  digest  two  millimeters  while  the  other  is  digesting 
one.    This  is  called  the  law  of  Schutz  and  Borissow.    Amount  digested 

-H  by  the  time  =  K  v'Ctermeut  tJfeimeut  is  the  concentration  of  the  ferment. 
Time  of  appearance  of  the  ptyalin  in  development. — Only  the  parotid 
of  the  new-born  contains  amylase;  the  submaxillary  lacks  this  action. 
It  appears  in  the  submaxillary  and  the  pancreas  only  at  the  end  of  the 
second  month  of  life.  At  birth  the  activity  of  the  parotid  is  little  more 
than  that  of  many  other  tissues. 

Variation  in  different  types  of  animals. — Not  all  salivary  glands  have 
in  them  ptyalin  or  an  amylase.  There  is  very  little  or  none  present,  for 
example,  in  the  saliva  of  various  carnivores,  such  as  the  dog  and  cat. 
The  parotid  glands  of  rodents  are  said  to  be  most  active.  In  the  horse 
mixed  saliva  is  said  to  have  a  very  powerful  diastatic  action,  whereas 
saliva  collected  from  the  parotid  ducts  is  said  to  be  inactive  (Ellenberger 
and  Hofmeister).  There  is  a  possibility  that  a  co-ferment  or  kinase  is 
necessary  for  the  action  of  the  enzyme  and  this  may  be  absent  in  some 
glands.  The  late  Dr.  G.  W.  Cook  told  the  writer  that  if  the  human 
raouth  is  carefully  washed  out  with  a  sterile  solution  of  water,  or  dilute 
antiseptic,  the  saliva  collected  from  the  ducts  may  be  inactive,  whereas 
the  saliva  which  has  been  in  contact  with  the  mucous  membrane  of  the 
mouth  is  very  active.  It  is  possible  that  bacteria  are  necessary  for  the 
setting  free  of  the  amylase,  as  Ellenberger  and  Hofmeister  suggested  for 
the  horse,  or  it  may  be  that  the  raucous  membrane  contributes  a  kinase 
to  assist  in  the  action.  This  matter  should  be  carefully  investigated.  It 
might  clear  up  some  of  the  contradictory  statements  in  the  literature. 
Various  observers  have  found  that  a  carbohydrate  diet  increases  the 
amylase  and  maltase  content  of  the  saliva  of  human  beings  and  dogs. 
Others  have  failed  to  find  such  an  increase. 

Other  enzymes  in  the  saliva. — ^Besides  the  amylolytic  enzymp,  human 
saliva  contains  a  substance,  an  erepsin,  which  will  split  the  tripeptide, 
1-leucyl-glycyl-d-alanine  and  probably  other  peptides;  and  mjiltase,  an 
enzyme  which  will  convert  maltose  into  glucose,  the  amount  of  which  is, 
however,  small  and  its  origin  unknown.  It  may  be  derived  from  the 
maltase  of  the  blood.     Saliva  also  contains  catalase,  which  catalyzes 
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hydrogen  peroxide  setting  free  oxygen;  and  an  oxidase.  Saliva  blues 
guaiac  tincture,  and  develops  color  with  p-phenylendiamin,  a-naphthol 
and  m-toluylendiamin.  It  is  probable  that  other  enzymes  in  small  quan- 
tities will  be  found  in  it. 

Potassium  sulphocyanate  and  other  excretory  substances. — Potas- 
sium sulphocyanate  is  found  in  most  human  saliva  in  small  quantities. 
It  is  generally  present  in  larger  amounts  in  the  saliva  of  smokers  shortly 
after  smoking.  It  is  in  the  nature  of  an  excretory  substance  and  is  not 
supposed  to  have  any  function.  Whenever  cyanides  are  ingested,  as 
they  are  in  some  fruits  or  in  tobacco  smoke,  they  are  excreted  as  sulpho- 
cyanates,  which  are  excreted  in  practically  all  of  the  secretions.  It  is 
possible,  also,  although  it  has  not  been  proved,  that  hydrocyanic  acid 
may  be  formed  in  small  amounts  in  the  oxidation  of  protein  in  the  body, 
since  nitriles  appear  in  the  oxidation  of  proteins  by  permanganate. 
Many  other  excretory  substances  may  be  found  in  the  saliva  in  larger 
or  smaller  amounts,  depending  on  their  concentration  in  the  blood.  Thus 
urea,  uric  acid,  small  amounts  of  glucose  and  other  excretory  sub- 
stances have  been  isolated  from  saliva.  Iodides  pass  out  in  the  saliva 
very  quickly  and,  since  nitrites  may  also  be  excreted  here  or  be  formed 
in  the  mouth  by  the  action  of  bacteria  from  nitrates  excreted  in  the 
saliva,  the  iodine  of  ingested  iodides  may  be  set  free  and  produce  irri- 
tation of  the  throat  and  mouth. 

Importance  of  salivary  digestion. — The  importance  of  the  digestive 
action  of  the  saliva  on  starch  was  long  underestimated,  for  it  was  thought 
that  the  action  was  checked  at  once  on  entrance  of  the  food  into  the 
stomach.  "We  now  know  that  this  is  not  the  case,  but  that  the  food 
collects  in  the  fundus  of  the  stomach  in  a  large  mass,  in  the  interior 
of  which  the  reaction  is  very  faintly  acid,  the  optimum  conditions  of 
ptyalin  action  prevail  and  that  for  a  half  hour  or  longer,  depending 
on  the  size  of  the  meal,  the  ptyalin  may  continue  to  digest  the  starches. 
Its  action  is  permanently  checked  as  soon  as  the  hydrochloric  acid 
accumulates  sufficiently  to  give  a  reaction  with  congo  for  free  acid.  In 
another  way,  also,  the  saliva  may  be  an  important  aid  to  digestion.  It 
is  stated  by  several  competent  observers  that  the  food  matters  when 
thoroughly  mixed  with  saliva  digest  very  much  faster  with  gastric 
juice  than  food  matters  not  so  mixed,  and  this  is  not  supposed 
to  be  due  entirely  to  the  finer  state  of  division  of  the  food.  The  pres- 
ence of  saliva,  or  its  digestive  products,  may  also  act  as  a  stimulus 
to  the  secretion  of  gastric  juice.  For  all  these  and  ©ther  reasons  a 
thorough  mastication  of  the  food  undoubtedly  conduces  to  good 
digestion. 

Composition  and  metabolism  of  the  salivary  glands.^— The  compo- 
sition of  the  salivary  glands  has  been  very  little  investigatcid,  and  what 


r.W  PHYSIOLOGICAL  CHEMISTRY 

is  known  about  them  throws  very  little  light  on  their  metabolism. 
Besides  the  mucin  which  the  sublingual  and  submaxillary  glands  con- 
tain in  small  but  undetermined  quantities,  they  contain  also  a  nucleo- 
protein  and  nucleic  acid.  Xanthine  and  guanine  have  been  isolated  from 
a  nucleoprotein  which  is  obtained  by  extracting  the  mucin  first  by 
water,  and  then  the  nucleoprotein  by  dilute  alkali,  such  as  lime  water,  and 
precipitating  by  acetic  acid.  The  nucleoprotein  thus  obtained  (Holm- 
gren) contained  15.11  per  cent,  of  N  and  some  phosphorus.  On  peptic 
digestion  it  yielded  a  nuclein  containing  2.9  per  cent.  P.  It  is  said 
(Horsley)  that  after  thyroid  extirpation  in  apes  mucin  is  increased  in 
the  glands,  and  even  appears  in  the  parotid  gland  where  it  is  normally 
absent.  Ptyalin  or  a  ptyalinogen  exists  in  unknown  amounts  in  the 
parotid  gland. 

The  consumption  of  oxygen  by  the  gland  increases  when  it  is  in  a 
state  of  activity  (Barcroft).  Like  the  other  glands,  it  has  an  unusually 
high  rate  of  oxygen  consumption  per  gram  of  tissue:  namely,  .028  c.c. 
O2  per  gram  per  hour.    Muscles  use  .004  c.c.  Oj  per  gram  per  hour. 
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CHAPTER  IX. 

DIGESTION  IN  THE  STOMACH. 

After  a  more  or  less  thorough  mastication  and  mixing  with  the  saliva, 
the  food  is  swallowed.  It  passes  down  the  oesophagus  into  the  stomach, 
where  it  remains  for  a  period  of  from  one  to  five  hours,  undergoing  a 
process  of  solution  by  the  action  of  the  juices  secreted  by  this  organ.  At 
first  it  lies  in  the  stomach  in  a  mass  in  the  left  side  or  fundus  of  the 
stomach.  Small  portions  are  gradually  separated  from  this  mass  by  the 
contractions  of  the  stomach,  partially  digested  in  the  pyloric  region, 
and  as  soon  as  they  are  reduced  to  a  state  of  fine  division  or  solution 
passed  on  through  the  pylorus  into  the  intestine  for  further  digestion 
and  absorption  there.  We  may  now  proceed  to  examine  in  detail  the 
nature  of  the  processes  involved  in  gastric  digestion. 

Morphology. — The  stomach  is  an  enlargement  of  the  alimentary 
canal  found  in  all  vertebrates,  which  functions  both  as  a  reservoir  and 
as  a  digestive  organ.  It  has  an  acid  secretion  and  contains  hydrochloric 
acid.  The  shape  of  the  stomach  differs  in  different  animals,  varying 
from  a  slight  tubular  enlargement  of  the  alimentary  canal,  such  as  is 
found  in  the  frog,  to  a  many-chambered  organ.  In  most  of  the  verte- 
brates, including  the  mammalia,  and  particularly  in  the  Carnivora  and 
Primates,  there  is  only  a  single  cavity,  but  this  may  be  partially  sepa- 
rated into  two  by  a  muscular  constriction,  more  or  less  pronounced, 
between  the  fundus  and  the  pyloric  portions.  The  mucous  membrane 
of  these  two  portions  is  often  plainly  different  in  its  macroscopic  appear- 
ance, and  histological  examination  shows  it  to  be  different,  also,  in  its 
finer  structure.  The  glands  in  the  pyloric  region  have  in  them  none  of 
the  so-called  parietal  cells.  There  is  also  a  difference  in  the  chemical 
nature  of  the  juice  they  furnish. 

The  most  complex  form  of  stomach  is  found  in  ruminants.  In  cows 
and  other  animals  of  this  class  the  stomach  consists  of  several  chambers. 
These  divisions  are  called  respectively  the  paunch,  or  rumen,  which 
T-eceives  the  food  as  it  is  first  swallowed ;  the  reticulum ;  the  omasum,  or 
psalterium ;  and  the  abomasum.  The  first  two  cavities  have  an  alkaline 
secretion  and  here  the  digestion  is  carried  on  by  means  of  bacteria  and 
saliva.  When  the  bolus  of  food,  after  regurgitation  from  the  reticulum, 
is  chewed  and  reswallowed,  it  passes  into  the  second  stomach,  or  psal- 
terium, and  this  corresponds  to  the  fundus  portion  of  the  human  stomach, 
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the  paunch  and  reticulum  corresponding  to  an  enlargement  of  the 
oesophagus.  The  psalterium  and  the  abomasum,  or  rennet  sack,  have 
an  acid  secretion  like  the  human  stomach.  The  fourth  stomach,  or 
abomasum,  corresponds  to  the  pyloric  end  of  the  human  stomach.  In 
some  of  the  ruminants  there  is,  in  addition,  a  division  of  the  paunch 
for  carrying  water.  This  is  brought  to  a  high  state  of  perfection  in  the 
;amel. 

When  empty  the  human  stomach  is  normally  contracted  on  itself  so 
that  its  walls  are  in  contact  and  the  reaction  of  its  mucous  membrane  is 
either  very  faintly  acid  or  even  neutral.  When  water  is  swallowed  into 
an  empty  stomach  it  runs  rapidly  through  the  stomach  into  the  intestine, 
where  it  is  absorbed.  But  when  food  is  swallowed  the  stomach  begins 
to  relax  and  it  relaxes  sufficiently  to  adapt  itself  to  the  amount  of  food 
taken,  the  powers  of  relaxation  being  really  remarkable.  But  while  the 
stomach  is  normally  contracted  and  empty  between  meals,  it  sometimes 
happens  that  it  re-expands,  after  emptying  itself,  and  becomes  filled 
with  a  juice  acid  in  reaction.  Such  a  dilated  stomach  is  a  source  of  much 
discomfort,  and  is  pathological. 

General  Physiology  of  the  Human  Stomach. — ^What  actually  hap- 
pens in  the  human  stomach  when  food  is  swallowed  and  during  diges- 
tion was  first  accurately  observed  by  the  American  army  surgeon,  Dr. 
Beaumont,  in  the  stomach  of  the  Canadian  coureur  du  bois,  Alexis 
St.  Martin.  These  observations,  though  'old,  are  still  in  many  respects 
the  best  observations  on  the  human  organ,  and  they  have  since  been 
many  times  confirmed.  The  nature  of  the  wound  in  St.  Martin  and  his 
robust  health  enabled  a  very  careful  scrutiny  of  a  perfectly  healthy 
organ.  Alexis  St.  Martin  was  wounded  in  the  left  side  by  the  accidental 
discharge  of  a  musket  close  to  him.  The  charge  carried  away  some  of 
the  lower  rib,  and  a  part  of  the  wall  of  the  stomach  and  abdomen.  The 
injured  lung  protruded  from  the  wound.  On  healing,  the  wall  of  the 
stomach  and  the  abdominal  wall  grew  together  so  as  to  leave  a  hole  or 
fistula  in  the  fundus  part  of  the  stomach,  through  which  food  could  be 
introduced,  or  gastric  juice  extracted,  and  the  inside  of  the  stomach 
directly  observed.  After  a  while  a  flap  of  mucous  membrane  grew 
down  over  the  wound  and  acted  as  a  valve,  preventing  the  escape  of  the 
contents  of  the  stomach,  unless  the  valve  was  pushed  to  one  side.  The 
accident  occurred  on  the  island  of  Mackinac,  at  the  head  of  Lake  Michi- 
gan, in  1822.  The  post  surgeon  was  Dr.  Beaumont  and  he  at  once  seized 
this  most  fortunate  opportunity  for  a  study  of  gastric  digestion.  He 
hired  St.  Martin  to  submit  to  observation  and  he  made  out  many  of 
the  fundamental  facts  of  our  knowledge  of  stomachal  digestion.  He 
observed  that  the  mucous  membrane  of  the  empty  stomach  was  pale 
nink  and  covered  by  a  thin  layer  of  mucus  of  a  neutral  or  slightly 
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alkaline  reaction,  but  that  as  soon  as  the  stomach  was  excited,  either  by 
the  introduction  of  food  into  it  or  by  mechanical  irritation,  the  mem- 
brane became  a  bright  red  and  appeared  to  be  gorged  with  blood.  Its 
temperature  rose  a  degree  or  so  at  the  same  time,  and  if  it  was  watched 
it  could  be  seen  that  at  the  openings  of  the  stomach  glands  clear  drops 
of  colorless  juice  welled  up  and,  running  together,  trickled  down  the 
sides  of  the  organ.    His  description  of  the  organ  was  as  follows: 

"  The  inner  coat  of  the  stomach,  in  its  natural  and  healthy  state,  is 
of  a  light  or  pale  pink  color,  varying  in  its  hues  according  to  its  full 
or  empty  state.  It  is  of  a  soft  or  velvet-like  appearance,  and  is  con- 
stantly covered  with  a  thin,  transparent,  viscid  mucus,  lining  the  whole 
interior  of  the  organ.  Immediately  beneath  the  mucous  coat,  and 
apparently  incorporated  with  the  villous  membrane,  appear  small 
spheroidal-  or  oval-shaped  granular  bodies,  from  which  the  mucous  fluid 
appears  to  be  secreted.  On  the  application  of  aliment  the  size  of  the 
vessels  is  increased,  the  color  heightened  and  vermicular  movements 
excited.  The  gastric  glands  begin  to  discharge  a  clear,  transparent  fluid, 
which  continues  rapidly  to  accumulate  as  aliment  is  received  for  diges- 
tion. This  fluid  is  invariably  distinctly  acid.  The  mucus  of  the  stomach 
is  less  fluid  and  more  viscid,  and  sometimes  a  little  saltish,  but  does  not 
possess  the  slightest  character  of  acidity.  On  applying  the  tongue  to  the 
mucous  coat  of  the  stomach  in  its  empty,  unirritated  state,  no  acid  taste 
can  be  perceived.  When  food  or  other  irritant  has  been  applied  to  the 
membrane,  the  acid  taste  is  immediately  perceptible." 

By  irritating  the  stomach  with  a  feather,  a  thermometer  tube  or  a 
rubber  catheter  he  got  several  ounces  of  juice  secreted  and  collected  for 
examination.  The  human  gastric  juice  thus  obtained  was  a  perfectly 
clear,  generally  colorless  solution,  like  so  much  water  in  appearance, 
except  that  it  was  now  and  then  mixed  with  some  bile.  It  had  in  it  a 
little  mucus.  It  was  salty  and  sour  to  the  taste,  turned  purple  cabbage 
red  and  effervesced  with  carbonates.  Some  of  the  juice  was  analyzed  by 
Professor  Silliman,  of  Yale  University,  who  found  that  it  contained  a 
good  deal  of  hydrochloric  acid.  Beaumont  found  that  the  juice  thus 
collected  had  the  power  of  dissolving  meat  put  in  it  when  kept  warm 
outside  the  body,  and  he  thus  confirmed  Spallanzani's  observations  of 
the  chemical  or  solvent  nature  of  the  juice.  The  collection  of  several 
ounces  of  juice  was  accompanied  by  no  other  sensation  than  that  of 
faintness  and  a  sinking  at  the  pit  of  the  stomach.  Among  the  other  very 
interesting  properties  of  this  juice  was  its  power  of  preventing  putre- 
faction. Meat  in  it  did  not  putrefy;  it  had  a  preservative  action,  and 
Beaumont  found  that  applied  to  wounds  it  kept  them  clean  and  fresh, 
helping  them  to  heal  by  first  intention  and  stopping  suppuration. 

He  also  examined  the  time  which  it  took  to  digest  meals:  i.e.,  the 
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time  necessary  for  the  stomach  to  empty  itself  after  a  meal.  He  found 
that  pork  took  longer  to  digest  than  beef,  and  in  general  fatty  food  took 
longer  than  lean.  Thus  after  a  meal  of  mutton  chops  and  potatoes  the 
stomach  was  empty  in  two  hours,  whereas  after  a  hearty  meal  of  pota- 
toes) roast  pork,  vegetables  and  pudding,  it  took  four  or  five  hours  to 
empty  itself.  Among  the  most  valuable  of  Beaumont's  observations  were 
those  on  the  optical  appearance  of  the  mucous  membrane  under  varying 
conditions  of  health,  after  drinking  ardent  spirits  and  coffee,  and  during 
constipation.  He  was  able  to  see  what  effect  drugs  had  on  the  mucosa 
and,  above  all  else,  he  was  able  to  find  out  to  what  extent  the  condition 
of  the  mucosa  could  be  inferred  from  external  symptoms.  Thus  he 
found  that  after  hard  drinking  of  ardent  spirits  the  mucosa  was  inflamed, 
small  ulcers  appeared  in  it  and  it  secreted  a  large  amount  of  mucus, 
but  a  very  small  amount  of  gastric  juice,  and  this  almost  without 
digestive  action.  The  same  conditions  prevailed  in  fever,  so  that  gastric 
digestion  almost  ceased.  In  constipation,  too,  when  the  tongue  was 
coated,  the  mucosa  was  bright  red,  dry  and  secreted  little  juice.  All 
of  these  symptoms  could  be  changed  in  the  latter  case  by  the  use  of  a 
good  cathartic,  such  as  calomel,  the  mucosa  recovering  its  normal  condi- 
tion. Particularly  instructive  was  the  fact  that  the  condition  of  serious 
disturbance  of  the  mucosa  could  not  be  inferred  from  any  outward 
symptoms. 

Beaumont  also  tried  many  other  experiments.  He  introduced  various 
foods,  such  as  vegetables  or  meat  done  up  in  cloth  bags,  into  the  stomach, 
leaving  them  there  for  some  time  and  afterwards  withdrawing  and  exam- 
ining them  to  see  what  substances  would  be  affected  by  the  gastric  diges- 
tion. Beaumont  did  not  observe  any  secretion  of  gastric  juice  in  St. 
Martin  purely  as  the  result  of  smelling  food,  or  tasting  it,  or  from  the 
•  fact  that  it  was  meal  time.  It  secreted  only  when  he  ate  or  when  the 
stomach  was  mechanically  irritated.  He  observed  no  appetite  juice,  in 
other  words. 

It  seems  hardly  probable  that,  had  there  been  such  an  appetite  secre- 
tion, it  would  have  escaped  so  acute  an  observer,  but  apparently  it  did 
not  occur  to  him  to  try  to  see  whether  the  mere  sight  of  food  would 
stimulate  the  secretion.  Pawlow  has  questioned  whether  the  juice  Beau- 
mont got  was  due  to  mechanical  irritation  and  has  suggested  that  it  was 
in  reality  an  appetite  juice  due  to  iiunger,  but  there  is  no  reason  to 
suspect  that  Beaumont's  observations  were  faulty  in  this  particular. 
Pawlow 's  criticism  was  based  chiefly  on  the  behavior  of  the  dog's  stomach. 
Richet  in  another  case  of  gastric  fistula  in  a  human  being  later  showed 
that  it  was  not  necessary  for  the  food  to  enter  the  stomach,  but  that  the 
taking  of  sugar  or  other  foods  into  the  mouth  would  start  the  secretion 
of  juice. 
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Beaumont  also  made  a  suggestion  as  to  the  nature  of  the  stimulus 
leading  to  the  sensation  of  hunger.  lie  suggested  that  the  turgidity  of 
the  gastric  glands  caused  this  sensation,  which,  if  it  he  acute,  is  often 
ascribed  to  the  pit  of  the  stomach.  This  suggestion  remained  the  most 
probable  until  the  recent  obsei'vations  of  Boldyreff,  and  those  of  Can- 
non, and  later  of  Carlson,  that  a  sensation  of  hunger  is  accompanied 
by,  and  these  observers  believe  is  caused  by,  the  rhythmic  contraction 
of  the  empty  stomach. 

Manner  of  obtaining  gastric  juice. — a.  Prom  fistulas  in  human 
hemgs.  Human  gastric  juice  unmixed  with  food  has  been  obtained  since 
Alexis  St.  Martin  from  several  individuals  in  whom,  owing  to  a  blocking 
of  the  oesophagus,  a  fistula  or  artificial  opening  had  been  made  into  the 
stomach  for  the  purpose  of  feeding.  Among  the  commonest  causes  of 
such  strictures  of  the  oesophagus  which  prevent  swallowing  have  been 
the  drinking  of  caustic  liquids,  such  as  strong  acids  or  alkalies,  either 
accidentally  cr  purposely.  It  may  happen  that  the  health  of  such  per- 
sons is  not  very  good,  so  the  composition  of  the  juice  obtained  from  them 
may  not  be  altogether  normal.  An  examination  of  such  cases  shows, 
as  with  St.  Martin,  that  the  stomach  when  empty  is  contracted  and 
contains  no  juice,  but  only  an  alkaline  mucous  secretion.  They  can  when 
hungry  often  cause  the  stomach  to  secrete  by  chewing  food.  This 
appetite  secretion,  as  it  is  called,  has  provided  samples  of  pure  gastric 
juice  of  human  origin  for  examination. 

b.  By  stomach  tube.  Impure  juice  mixed  with  saliva  and  food  rem- 
nants can  be  obtained  from  normal  individuals  either  by  causing  vomit- 
ing or  drawing  off  the  stomach  contents  with  a  stomach  tube  after  eating 
a  meal.  This  is  the  clinical  method  for  determining  whether  the  secre- 
tion is  normal  in  amount  and  quality.  The  test  meal,  as  it  is  called, 
is  taken  in  the  morning  when  the  stomach  is  empty,  only  a  light  supper 
or  none  at  all  having  been  eaten  the  evening  before.  There  are  several 
test  meals.  That  of  Ewald  consists  of  a  buttered  roll  and  a  cup  of  weak 
tea;  another  such  breakfast  consists  of  a  roll  or  a  couple  of  pieces  of 
toast,  a  glass  of  water,  or  a  cup  of  tea,  and  some  bacon.  This  is  thor- 
oughly chewed.  After  three-quarters  of  an  hour  a  stomach  tube,  a 
flexible  rubber  tube,  is  swallowed  and  a  portion  of  the  contents  are 
drawn  out.    (See  page  972  for  method.) 

c.  From  animals  iy  artificial  fistulas.  To  obtain  juice  from  animals, 
the  method  usually  employed  is  to  make  a  gastric  fistula:  i.e.,  an  opening 
is  made  into  the  stomach,  generally  at  the  fundus  end,  and  the  walls 
sewed  into  the  abdominal  walls,  leaving  an  opening  into  the  interior.  If 
the  walls  of  the  stomach  are  brought  out  between  the  muscle  fibers,  the 
pressure  of  these  may  act  as  a  valve  and  prevent  the  escape  of  gastric 
contents.    The  gastric  juice  flows  from  the  cannula  introduced  into  the 
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fistula  when  the  dog  is  teased  with  the  sight  and  smell  of  food  or  when 
he  is  fed  pieces  of  meat.  Such  juice  may  have  saliva  mixed  with  it. 
A  great  step  forward  in  the  study  of  gastric  secretion  was  taken  by 
Pawlow  in  his  introduction  of  the  oesophageal  fistula  and  his  formation 
of  a  small  stomach  pouch  separate  from  the  main  stomach.  In  making  an 
oesophageal  fistula  the  oesophagus  is  divided  and  the  two  ends  are  then 
sutured  to  the  skin.  The  result  is  that  when  a  dog  eats,  the  swallowed 
food  falls  out  of  the  upper  end  of  the  fistula  and  neither  it  nor  the 
saliva  enters  the  stomach.  Meanwhile,  from  the  stomach  fistula  juice 
may  be  drawn  off  if  it  is  secreted. 

1.  Appetite  secretion.  Richet  discovered  in  human  beings  that  it 
was  not  necessary  to  swallow  food  to  arouse  the  stomach  to  activity. 
The  taste  or  smell  of  food  was  sufficient  to  provoke  a  flow.  Pawlow 
found  the  same  facts  for  dogs.  Advantage  may  be  taken  of  this  fact 
to  procure  pure  juice.  It  is  only  necessary  for  hungry  dogs  to  see  or 
smell  solid  food,  or  even  to  hear  some  sound,  such  as  a  special  note,  which 
had  always  been  sounded  as  they  were  about  to  be  fed  and  so  had  become 
associated  with  the  idea  of  feeding,  to  start  the  stomach  secreting.  This 
is  the  appetite  secretion  and  it  begins  after  a  very  definite  latent  period 
of  about  five  minates  if  the  dog  is  hungry.  There  is  no  appetite  secre- 
tion if  the  dog  is  not  hungry. 

2.  Juice  obtained  hy  sham  feeding.-  Another  method  of  getting  the 
juice  is  by  means  of  sham  feeding.  This  provides  large  amounts  of  juice. 
A  dog  with  an  oesophageal  fistula  as  well  as  a  gastric  fistula  is  given  meat 
to  eat.  He  swallows  it,  but  it  falls  out  of  the  opening  in  the  oesophagus 
A  dish  put  under  the  oesophageal  fistula  receives  the  swallowed  food  and 
the  dog  will  eat  it  over  and  over  again.  By  this  means  a  constant  stim- 
ulus is  provided  to  the  taste  buds  in  the  mouth  and  to  the  gums  and  teeth 
and  the  nerves  of  smell.  Under  this  stimulus  the  stomach  secretes  a  con- 
siderable amount  of  juice,  as  may  be  seen  in  the  experiment,  page  344. 
By  this  means  pure  canine  gastric  juice  was  obtained.  It  is  a  clear, 
limpid  liquid,  looking  like  water,  but  having  a  doggy  smell  which  is  dis- 
tasteful to  human  beings.  This  smell  is,  however,  eliminated  by  aerating 
the  juice,  and  such  juice,  acid  and  very  active,  is  now  obtainable  in 
Russia  for  therapeutic  purposes.  The  dogs  kept  for  this  purpose  are 
large  and  healthy.  They  are  fed  two  hours  a  day  in  this  sham  feeding 
and  work  cheerfully  at  producing  gastric  juice.  The  flow  continues 
only  during  the  eating,  and  grows  less  as  the  sham  feeding  proceeds. 

d.  The  stomach  pouch.  By  the  foregoing  method  it  was  possible 
to  obtain  pure  juice  and  to  study  its  secretion  in  the  absence  of  food 
in  the  stomach.  It  was  very  desirable  to  study  also  the  effect  of  having 
food  in  the  stomach  on  the  composition  and  amount  of  the  juice,  and 
particularly  to  see  whether  the  character  of  the  juice  remained  the  same 
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no  matter  what  kind  of  food  was  eaten.    To  do  this  and  yet  get  juice 
free  from  food  admixture,  Pawlow  devised  the  small  separated  stomach 
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Fig.  41. — Manner  of  making  a  Pawlow  pouch.  The  Incision  is  made  along  the  line 
A — B  (1).  The  complete  pouch  is  shown  in  (2)  ;  Its  cavity,  B,  Is  separated  from  the  general 
cavity  of  the  stomach,  V,  by  a  double  layer  of  mucous  membrane  (Pawlow). 

or  stomach  pouch,  which  in  its  processes  completely  mirrors  the  large 
stomach  which  has  the  food  in  it. 

Sham  Feeding  Experiment. 
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The  idea  of  cutting  out  a  part  of  the  stomach  and  sewing  it  into  a 
pouch  discharging  its  secretion  to  the  exterior  was  not  original  with 
Pawlow.  It  had  been  tried  by  Heidenhain  and  by  Klemenciewicz.  They 
made  the  mistake,  however,  of  cutting  clear  through  the  walls  of  the 
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stomach  and  thus  cutting  off  all  the  nerves  to  the  small  pouch.  The 
secretion  they  obtained  was  on  this  account  far  from  normal.  Pawlow 
made  the  pouch  in  another  way  so  as  to  leave  the  nerve  supply  intact. 
The  method  is  illustrated  in  Figure  41. 

The  nerves  of  the  stomach  are  the  two  vagi  which  come  down  the 
oesophagus  and  spread  out,  one  on  the  posterior  and  one  on  the  anterior 
surface  of  the  organ.  They  run  on  the  surface  and  then  plunge  into 
the  muscular  coat  to  get  to  the  mucosa.  There  are,  also,  sympathetic 
nerves  which  come  in  from  the  splanchnic  nerves  from  the  pylorus  end 
of  the  stomach.  To  make  the  small  pouch,  a  V-shaped  cut  is  made 
completely  through  all  the  coats  of  the  stomach  in  the  direction  and 
location  shown  in  the  figure.  The  mucous  membrane  and  the  muscular 
wall  are  now  sewed  together  in  such  a  way  that  a  complete  floor  is  made 
for  the  large  stomach,  so  that  food  passes  normally  through  it  and  into 
the  pylorus.  The  V-shaped  piece  is  now  sewed  into  a  pouch  and  the 
end  of  it  brought  to  the  surface,  passing  through  the  muscles  of  the 
abdominal  wall,  the  muscle  fibers  being  separated  and  not  divided.  They 
thus  press  the  mouth  together  and  act  as  a  sphincter.  This  little  pouch 
has  its  vagus  connections  intact  and  it  is  separated  from  the  large 
stomach  by  a  double  layer  of  mucous  membrane.  If  desired,  a  fistula 
can  E^lso  be  made  into  the  large  stomach.  Various  foods  can  now  be 
allowed  to  enter  the  large  stomach,  and  the  amount  and  character  of  the 
juice  secreted  by  the  small  stomach  under  these  varying  conditions  can 
be  studied.  It  was  found  that  the  secretion  in  the  large  and  small  stom- 
achs began  and  stopped  at  the  same  time,  and  that  the  introduction  of 
a  large  amount  of  food  into  the  large  stomach  caused  the  secretion  of 
a  large  amount  of  juice  in  the  small,  and  that  when  the  amount  of  food 
was  halved,  the  amount  of  secretion  in  the  small  stomach  fell  to  one- 
half.  This  established  the  very  important  fact  that  the  amount  of  juice 
secreted  is  normally  proportioned  to  the  amount  of  food  to  he  digested 
and  that  the  small  stomach  was  a  faithful  image  of  the  secretion  in  the 
large  stomach. 

Character  of  pure  gastric  juice  of  the  dog. — The  pure  gastric  juice 
obtained  from  dogs  or  human  beings,  when  unmixed  with  bile,  is  a  per- 
fectly clear,  limpid,  not  viscid,  colorless  juice.  Its  specific  gravity  lies 
between  1.002  and  1.0059.  It  is  levo-rotatory.  In  a  decimeter  tube 
the  juice  collected  by  Madame  Schumova-Simonowski  rotated  — 0.7- 
—0.73° ;  that  collected  by  Rosemann,  —.109°-  —.168°.  The  freezing  point 
was  -—.490-0.638°.  The  freezing  point  of  the  first  juice  secreted  was 
— 0.643°,  and  after  two  hours  — .628°.  As  the  freezing  point  of  the  blood 
is  generally  ^0.571°,  the  juice  is  generally  hypertonic,  not  hypotonic, 
to  the  blood;  The  secretion  of  the  gastric  juice  raises  the  concentration 
of  the  blood  when  the  juice  is  discharged  to  the  exterior  through  a  fistula. 
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Thus  in  an  experiment  of  Rosemann  the  freezing  point  of  the  blood 
before  secretion  was  — 0.589°  and  after  — 0.600°.  The  dry  residue  is 
0.26-0.653  per  cent.  The  ash  was  0.133  per  cent.  (0.105-0.204  per  cent.). 
The  organic  matter  varied  from  0.176-0.434.  The  ash  contained  iron, 
calcium  and  phosphoric  acid,  and  the  usual  salts  of  blood  serum.  The 
organic  substance  gives  both  the  Millon  and  biuret  test,  although  Madame 
Schumova-Simonowski  stated  that  it  did  not  give  the  biuret  test  when 
it  was  perfectly  fresh,  but  only  after  standing.  Ammonium  chloride  is 
present  only  in  small  amounts.  There  was  no  lactic  acid.  The  acidity 
computed  as  hydrochloric  acid  was  from  0.46-0.58  per  cent.  The  juice 
contained,  as  a  mean,  0.6137  per  cent,  of  chlorine.  Of  this  0.5322  per 
cent,  was  present  in  hydrochloric  acid;  0.0653  per  cent,  was  in  the  ash 
as  chlorides ;  and  the  remainder  was  0.0162  organically  combined.  Since 
the  per  cent,  of  chlorine  in  dog's  blood  is  0.295-0.275  per  cent.,  the 
gastric  juice  is  twice  as  concentrated  in  chlorine  as  the  blood.  During 
secretion,  therefore,  on  one  side  of  the  mucous  membrane  the  concen- 
tration of  the  chlorine  is  0.54-0.64  per  cent ;  on  the  other,  0.41  per  cent, 
in  the  plasma ;  and  in  the  membrane  itself  0.09  per  cent. 

The  hydrogen  ion  concentration  of  pure  human  gastric  juice  from  a 
case  of  stomach  fistula  was  found  by  Dr.  Menten  in  the  author's  labo- 
ratory, using  the  gas-chain  method,  to  be  about  equivalent  to  that  of 
N/10  HCl,  or  even  a  little  more  acid  than  this.  In  the  stomach,  how- 
ever, the  juice  is  generally  mixed  with  food  substances  so  that  its  acidity 
is  lower  than  this.    See  page  368. 

Composition  of  Gasteic  Juice. 

Dog  (Rosemann)  Human  (Bidder  and  Schmidt) 

Water 99.74  -  99.36  Water    99.44 

Dry   residue    0.26  -    0.64  Organic     32 

Organic    0.17  -    0.43  HCl    0.20 

Inorganic     0.10  -   0.21  CaCl    0.0061 

Hydrochloric  acid   0.46  -    0.58  NaCl    0.146 

Chlorine   0.61  KCl    0.055 

Chlorine  in  HCl    0.53  NH  CI   

Chlorine  in  chlorides   . .     0.077  Ca  (PO  )      "> 

3  4    2      I 

Chlorine  in  organic 0.016  Mg  (PO  )     l 0.0125 

Ash   0.127  Fe  PO^  *  '  ) 

Water  sol.  ash    0.120  Human  Appetite  Juice  (Carlson) 

Na     0.025  Sp.  gravity 1007 

K  0.030  Total  acidity   . ,  .       0.45    -  0.50 

CI    0.067  Freezing  point  . .       0.580  -  0.530 

SO3   0.0012  Total  solids   ....       0.48   -  0.61% 

Insol.  ash    0.0023  Organic   0.34   -0.47 

Ca   0.00022  Inorganic    ....       0.11    -0.14 

Mg    0.00022  Free  acidity   ....       0.35    -  0.45 

^2^5    OOOO"  Total   chlorine...       0.49   -0.56% 


tfei  Trace 


NH^   0.051  -  0.074% 
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Amount  of  gastric  juice  secreted. — The  amount  of  juice  secreted 
is  subject  to  great  variations,  depending  on  the  amount  of  food  eaten, 
the  state  of  health  and  so  on.  By  means  of  the  small  stomach  pouch  just 
described  Pawlow  found  that  the  amount  secreted  by  the  small  stomach 
was  directly  proportional  to  the  amount  of  food  eaten.  If  he  doubled 
the  size  of  a  meal,  the  amount  of  juice  was  doubled.  This  proportion- 
ality is  of  course  true  only  within  limits.  It  was  estimated  by  Bidder 
and  Schmidt  that  in  human  beings  2-3  liters  of  gastric  juice  were  secreted 
per  day,  and  this  is  probably  not  far  from  the  truth.  In  an  experiment 
by  Rosemann  the  stomach  of  a  large  dog  weighing  24,100  grams  secreted 
during  a  sham  feeding  in  the  first  two  hours  at  the  rate  of  200-300  c.c. 
per  hour;  it  then  fell  to  100  c.c.  per  hour.  It  was  found  by  Pawlow 
that  when  food  entered  the  stomach  the  secretion  was  larger  than  when 
there  was  only  a  sham  feeding.  We  may,  perhaps,  estimate  that  in  this 
dog  at  least  500  c.c.  of  juice  would  be  secreted  for  the  digestion  of  each 
meal.  If  a  man's  stomach  secretes  at  the  same  rate,  this  would  give 
about  1,500  c.c.  for  the  digestion  of  a  meal. 

In  these  fistula  dogs  the  amount  of  chlorine  and  water  secreted  in 
the  juice  may  form  a  very  considerable  proportion  of  that  contained 
in  the  whole  body.  Thus  in  the  dog  experiment  just  quoted  the  total 
amount  of  juice  secreted  in  the  sham  feeding  in  2%  hours  amounted  to 
one-half  the  total  volume  of  the  blood  in  the  body.  The  secretion  of  this 
amount  of  liquid  caused  great  thirst.  In  various  researches  Rosemann 
found  the  total  chlorine  secreted  in  S'/i  hours  to  be  from  4.4-5.5  grams. 
In  a  dog  weighing  26  kilos  there  are  in  the  blood  about  5.4  grams  of 
chlorine,  so  that  as  Hjueh  chlorine  was  secreted  in  the  gastric  juice  as 
the  total  amount  present  in  the  blood.  Such  a  loss  of  chlorine  would 
almost  certainly  affect  the  activities  of  all  the  cells  of  the  body.  The 
total  chlorine  in  the  body  of  a  dog  of  this  weight  was  estimated  as  20.8 
grams,  so  that  approximately  one-fourth  of  it  was  eliminated  by  the 
gastric  juice  in  three  hours. 

The  gastric  juice  of  human  beings  contains  on  the  average  about  0.3 
per  cent,  of  hydrochloric  acid ;  that  of  dogs  about  0.53  per  cent.  If  a 
liter  or  1,500  c.c.  of  such  juice  is  secreted  in  each  person  for  the  diges- 
tion of  a  meal,  this  would  mean  the  secretion  of  from  three  to  five  grams 
of  hydrochloric  acid  each  meal  time.  Since  this  acid  is  poured  out 
bi'fore  the  secretion  of  the  alkaline  bile  and  pancreatic  juice,  it  causes 
a  reduction  in  the  acidity  of  the  other  juices  of  the  body  and  an  increase 
in  their  alkalinity.  It  produces,  in  other  words,  an  alkaline  tide 
in  the  body  Thus  the  urine  is  always  reduced  in  its  acidity  during 
the  digestion  of  a  meal  and  may  even  become  alkaline.  It  is  not 
impossible  that  this  alkaline  tide  may  be  part  of  the  cause  of  the  sen- 
sation   of   well-being   which   accompanies  the   eating   of   a   meal.     A 
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slight  change  of  alkalinity  of  the  cells  very  materially  affects  their 
activity. 

Variation  of  the  character  of  the  juice  with  the  diet. — ^Among  the 
interesting  facts  found  by  Pawlow  and  his  pupils  by  the  use  of  the  small 
stomach  was  that  the  character  of  the  juice  varied  with  the  character  of 
the  diet.  The  juice  was  most  powerfully  proteolytic  when  the  dog  had 
bread  to  eat  and  weakest  when  fed  milk.  The  figures  on  page  380  illus- 
trate the  variation  of  the  juice.  It  was  also  found  that  a  sudden  increase 
in  the  rate  of  secretion  not  only  increased  the  rate  but  also  the  concen- 
tration of  the  juice,  confirming  a  fact  observed  by  Heidenhain.  The 
explanation  of  the  difference  in  the  activity  of  the  juice  on  these  different 
diets  has  not  been  given.  The  juice  which  is  secreted  at  the  beginning 
of  an  experiment  is  usually  more  active  than  that  after  the  secretion  has 
gone  on  for  a  time,  presumably  owing  to  the  fact  that  during  secretion 
some  of  the  stored  pepsinogen  has  been  exhausted.  Some  of  the  varia- 
tions noted  may  be  due  to  the  fact  that  not  all  the  glands  of  the  stomach 
secrete  at  the  same  time.  It  is  probable  that  the  number  entering  into 
activity  may  vary  with  the  size  of  the  meal ;  some  may  be  at  rest  while 
others  are  secreting.  If  now  by  giving  meat  one  arouses  those  which 
have  been  resting,  it  is  possible  that  their  secretion  would  be  more  con- 
centrated and  more  active  than  the  secretion  which  has  been  derived 
from  the  glands  which  had  hitherto  been  in  activity  and  which  had  been 
partially  exhausted. 

How  is  the  secretion  of  the  juice  produced  and  controlled?  G^- 
tric  hormones. — There  is  no  doubt  that  the  secretion  of  the  gastric  juice 
is  under  the  control  of  nerves,  the  vagi  and  the  splanchnics.  The  stimu- 
lation of  these  nerves  under  proper  conditions  causes  secretion  of  the 
juice.  Secretion  is  greatly  reduced  in  the  dog  after  section  of  the 
nerves.  If  we  ask  the  further  question  of  how  the  nerves  cause  secre- 
tion, we  ask  a  question  not  yet  answered.  There  seems  to  be  evidence 
that  either  owing  to  the  stimulation  of  the  mucosa  by  the  nerves  or  other 
agencies,  i.e.,  the  food,  there  is  produced  in  the  stomach  cells  a  substance 
which  when  injected  into  the  blood  of  another  animal  or  intramuscularly 
causes  the  secretion  in  that  animal  of  gastric  juice.  Such  a  substance 
as  this  is  called  a  hormone,  meaning  "  I  rouse  to  activity  "  (Gr.  hormon, 
I  rouse,  or  set  in  motion).  As  we  shall  see  in  other  cases,  there  is  some 
reason  for  thinking  that  such  substances  are  normally  produced  perhaps 
in  all  cells  under  the  influence  of  nerves  and  it  is  these  substances  which 
directly  stimulate  the  cell  to  activity.  The  work  on  the  gastric  hormones 
is  yet  incomplete,  but  the  observations  of  Edkins  that  such  gastric  hor- 
mones exist  have  been  confirmed  in  the  author's  laboratory  (Keeton  and 
Koch).  These  hormone  substances  in  the  gastric  gland  are  extracted 
from  the  mucosa  by  hot  acid  and  are  hence  probably  substances  of  a 
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basic  nature.  They  are  heat  stable.  The  gastric  hormone  does  not  cause 
secretion  in  the  salivary  glands,  but  only  in  the  stomach.  The  question 
of  the  relation  of  gastrin  to  secretin,  the  active  secretory  hormone  of 
the  intestine,  is  still  uncertain.  They  appear  to  have  many  properties 
in  common.  Gastrin  injected  subcutaneously  into  dogs  having  Pawlow 
pouches  causes  a  copious  secretion  of  typical  gastric  juice  in  the  pouch 
(Keeton  and  Koch).  (See  also  Emsmann,  Tomazewski  and  Ehrmann, 
who  have  studied  gastrin.) 

Digestive  actions  of  gastric  juice. — 1.  Action  on  proteins.  It  was 
found  by  Spall  anzani  that  gastric  juice  exerted  a  solvent  action  on 
meats.  Pieces  of  meat  immersed  in  the  juice  gradually  dissolve  until 
only  a  few  fragments  of  fibers  remain  undigested.  The  cause  of  this 
solvent  action  was  early  studied.-_-I-fr  was  at  first  supposed  that  it  was  due 
to  the  hydrochloric  acid  which  had  been  discovered  in  the  juice  by  Front 
in  1823,  but  experiment  showed  that  pieces  of  meat  immersed  in  solu- 
tions of  hydrochloric  acid  as  strong  a^  that  of  the  gastric  juice  did  not 
dissolve  at  all,  or  at  most  they  dissolved  at  a  rate  so  slow  as  not  to  be 
comparable  to  the  action  of  the  juice.  There  must  be  something  else  in 
the  juice  to  bring  about  this  digestion.  It  was  discovered  by  Schwann, 
one  of  the  founders  of  the  cell  theory,  that  if  the  juice  was  boiled  first 
it  lost  its  digestive  action,  although  its  acidity  remained.  The  active 
principle,  therefore,  is  destroyed  by  heat.  Since  the  juice  contains  a 
good  deal  of  organic  matter  and  this  is  coagulated  by  heat,  it  was  sup- 
posed that  the  active  principle  was  organic  in  nature  and  Schwann  pro- 
posed that  it  be  called  pepsin  (Greek,  pepsis,  digestion).  Pepsin  is, 
hence,  the  active  principle  in  the  juice  which  digests  meat,  or,  more  gen- 
erally, proteins,  in  an  acid  medium.       , 

2.  The  clotting  of  milk. — Another  property  of  the  gastric  juice 
which  was  very  early  discovered  is  that  it  causes  milk  to  coagulate,  or 
clot,  so  that  it  becomes  jelly-like.  Since  {icid  by  itself  produces  a  simi- 
lar physical  change  in  milk,  as  is  shown  in  the  souring  of  milk,  it 
might  be  supposed  that  this  power  of  the  gastric  juice  is  due  to  the  acid 
it  contains ;  but  this  is  not  the  case.  Carefully  neutralized  gastric  juice, 
particularly  that  of  young  animals,  will  still  produce  clotting  if  added 
to  neutral  milk.  The  milk  does  not  change  its  reaction  in  the  process. 
Even  an  aqueous  extract,  neutral  in  reaction,  of  the  calf's  stomach  will 
clot  milk,  although  the  action  is  faster  in  a  faintly  acid  medium.  Per- 
fectly fresh  rennet,  however,  requires  to  be  treated  with  an  acid  before 
it  will  clot  milk.  If  the  gastric  juice  or  these  extracts  are  boiled,  they 
lose  their  power  of  coagulation.  Like  pepsin,  the  active  principle  is  found 
stored  in  the  mucous  membrane.  This  power  of  the  juice  is  accord- 
ingly due  to  an  active  principle  or  enzyme,  and  this  enzyme  is  called 
rennet,  or  rennin,  or  chymosin.  The  mechanism  of  this  clotting  and 
the  question  of  the  identity  or  diiferenee  of  pepsin  and  rennin  will  be  dis- 
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cussed  presently.  Since  this  power  of  clotting  milk  is  most  pronounced 
in  the  stomachs  of  very  young  animals,  it  is  evidently  in  the  nature  of 
an  adaptation  to  milk  as  an  article  of  diet,  and  the  advantages  secured 
by  it  are  discussed  farther  on. 

3.  Action  on  carbohydrates. — Toward  carbohydrates  gastric  juice 
has  a  very  unimportant  action.  Starch  and  dextrins  it  does  not  act 
upon,  but  saccharose  or  cane  sugar,  which  is  the  easiest  of  the  disae- 
charides  to  invert,  is  very  slowly  split  into  levulose  and  glucose  by  the 
hydrogen  ions,  or  the  acid  of  the  stomach.  There  is,  however,  under 
normal  circumstances  when  no  regurgitation  has  taken  place  from  the 
intestine,  no  enzyme  in  the  gastric  juice  capable  of  digesting  carbo- 
hydrates. Lusk  found  that  the  inversion  of  cane  sugar  was  no  more 
rapid  than  could  be  ascribed  to  the  acid  of  the  juice.  Since  lactose  and 
maltose  are  inverted  or  digested  by  acid  much  more  slowly  than  cane 
sugar,  the  action  on  these  sugars  is  evea  less  important  than  that  on 
cane  sugar.  All  three  are  digested  by  enzymes  found  in  the  intestine. 
To  what  extent  cane  sugar  is  inverted  in  the  stomach  will  depend  on 
tiie  length  of  time  it  remains  there  after  free  acid  appears.  This  time 
i.s  normally  so  short  that  probably  little  inversion  occurs.  The  concen- 
tration of  free  hydrogen  ions  at  the  best  is  not  more  than  .08  N,  and  in 
a  mixed  meal  is  less  than  this.    Such  weak  acid  inverts  slowly. 

4.  Action  on  fats. — Gastric  juice  has  quite  marked  powers  of 
digesting  fats  which  are  already  emulsified,  such  as  the  fats  of  milk 
iind  of  yolk  of  egg,  but  it  has  almost  no  power  on  non-emulsified  fats  such 
as  those  in  meat  or  butter.  The  power  of  the  juice  to  digest  emulsified 
fats  was  described  long  ago  by  Ogata  and  confirmed  by  many  observers, 
but  it  was  for  some  reason  long  omitted  from  the  text-books.  It  has 
recently  been  confirmed  by  the  work  of  Volhard  and  his  pupils.  Thus 
the  fats  of  milk  and  yolk  of  eggs  are  split  or  digested  into  fatty  acid 
and  glycerine  to  about  50-80.  per  cent,  in  the  stomach,  whereas  non- 
emulsified  fat  is  split  only  to  the  extent  of  .5-2  per  cent,  in  the  stomach. 
The  greater  action  on  the  fats  of  milk  and  yolk  of  eggs  is  probably  due 
to  the  fact  that  the  area  of  contact  between  fat  and  water  is  much 
greater  owing  to  their  emulsion.  This  power  of  the  gastric  juice  to  split 
fats  is  still  under  investigation.  There  is  no  doubt  that  the  action  is 
due  to  a  fat-splitting  enzyme  in  the  gastric  juice,  or  lipase  as  it  is 
called.  For  some  time  it  was  doubtful  whether  this  lipase  was  secreted 
by  the  stomach,  or  whether  it  had  regurgitated  into  the  stomach  from 
the  intestine,  the  juices  in  the  intestine  containing  much  lipase,  but 
experiment  has  shown  that  lipase  pre-exists  in  the  stomach  mucosa,  and 
also  that  the  stomach  lipase  differs  in  the  optimum  acidity  of  its  digestive 
action  from  that  of  the  intestine  (Davidson). 

5.  Antiseptic  action  of  the  juice. — In  practically  all  of  the  verte- 
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brates  the  secretion  in  the  stomach  is  strongly  acid  with  hydrochloric 
acid.  The  end  secured  in  having  an  acid  rather  than  an  alkaline  reac- 
tion in  this  reservoir  is  presumably  to  cheek  fermentation.  Hydrochloric 
acid  kills  all  forms  of  living  things  except  spores.  Many  animals  swallow 
their  food  alive.  Frogs  eat  each  other,  or  snakes  and  other  living  ani 
mals.  The  tissues  of  these  animals  live  well  enough  in  an  alkaline  or 
neutral  digestive  medium,  but  in  the  strong  acid  of  the  stomach  they 
are  attacked,  killed  and  digested.  But  probably  of  even  greater  impor- 
tance is  the  additional  protection  secured  against  parasites  of  all  kinds. 
Animals  are  constantly  eating  with  their  food  bacteria,  moulds,  protozoa 
or  other  parasites  which  are  killed  by  the  gastric  juice.  Of  the  vast 
numbers  of  bacteria  we  swallow  the  great  majority  are  killed  in  the 
stomach,  and  people  having  a  copious  and  active  gastric  juice  are  less 
liable  to  infection  by  typhoid  and  cholera  than  those  with  less  acid  juice. 
The  digested  strongly  acid  material  called  chyme  as  it  escapes  from  the 
stomach  is  almost  sterile  and  contains  few  living  bacteria.  Any  reduc- 
tion of  the  acidity  is  apt  to  be  followed  by  a  bacterial  or  yeast  fermen- 
tation in  the  stomach  which  may  produce  irritating  organic  acids  and 
gas.  As  long  as  hydrochloric  acid  remains  in  normal  amount  in  the 
stomach,  one  never  finds  more  than  traces  of  lactic,  butyric  or  other 
acids  which  are  produced  by  fermentation,  but  in  the  absence  of  hydro- 
chloric acid  these  generally  appear. 

Action  of  the  juice  on  proteins. — 1.  Pepsin.  Its  origin.  Pepsinogen. 
We  may  now  proceed  to  consider  more  in  detail  the  nature  and  source 
of  the  active  principles  of  peptic  digestion,  namely  the  pepsin  and  the 
hydrochloric  acid,  and  the  character  and  conditions  of  their  action  on 
proteins. 

Pepsin  is  stored  in  the  mucous  membrane  of  the  stomach.  It  was 
found  by  Schwann  that  if  the  mucous  membrane  of  the  pig's  or  dog's 
Btomach,  which  is  alkaline  or  neutral  in  reaction,  is  extracted  with  dilute 
(0.4  per  cent.)  HCl  or  extracted  by  water  and  then  the  water  extract 
mixed  with  acid  to  make  about  0.3  per  cent.,  the  extract  has  digestive 
powers  similar  to  that  of  gastric  juice. 

This  experiment  showed  that  pepsin,  or  a  substance  which  gave  rise 
to  it,  was  stored  in  the  mucosa  of  the  stomach,  but  since  the  aqueous 
extract  of  the  membrane  was  neutral,  it  was  clear  that  the  hydrochloric 
acid  was  not  stored  in  the  mucosa. '  The  pepsin  was  probably  made  in 
the  mucosa  between  meals,  but  the  hydrochloric  acid  must  be  made  only 
at  the  moment  of  secretion.  Further  facts  about  this  pepsin  were  dis- 
covered by  Langley.  He  found  that  it  was  extremely  sensitive  to  alka- 
lies. If,  for  example,  the  juice  be  neutralized  by  sodium  hydrate  or 
carbonate  and  then  made  acid  again,  it  will  be  found  to  have  lost  much 
of  its  activity.    If  it  be  made  plainly  alkaline,  it  is  entirely  inactive 


352  PHYSIOLOGICAL  CHEMISTRY 

when  reacidified,  although  the  reacidification  is  made  at  once.  The 
pepsin  has  been  destroyed  or  rendered  inactive  by  the  alkali.  It  is 
necessary,  if  one  wishes  to  neutralize  the  juice  without  destroying  the 
activity  of  most  of  the  pepsin,  to  add  CaCOj  to  it  and  then  a  very  weak 
alkali,  such  as  sodium  acetate  or  milk  of  lime,  very  cautiously.  Langley 
found  that  if  an  aqueous  extract  be  made  of  the  mucosa  of  the  stomach, 
this  extract  might  be  made  slightly  alkaline  for  a  short  time,  but  would 
still  be  active  if  made  acid  again;  but  if  an  acid  extract  be  made  of 
the  stomach,  this  could  not  be  made  weakly  alkaline  without  perma- 
nently destroying  its  activity.  It  appeared,  then,  that  the  extract  made 
with  water  was  more  resistant  to  the  action  of  alkali  than  the  extract 
made  with  acid.  Langley  interpreted  this  to  mean  that  the  pepsin  did 
not  exist  as  such  in  the  mucous  membrane,  but  that  there  was  an  antece- 
dent and  more  stable  substance  from  which  the  active  pepsin  was  formed 
by  the  action  of  acids.  This  more  resistant  antecedent  substance  he 
called  "  pepsinogen,"  since  it  formed  pepsin  when  acted  on  by  acids. 
Another  evidence  that  the  substance  in  the  mucous  membrane  differs 
from  pepsin  is  the  fact  that  if  carbonic  anhydride  gas  be  passed  through 
a  neutral,  aqueous  extract  of  the  frog's  oesophagus,  which  contains  pep- 
sinogen, most  of  the  pepsinogen  is  destroyed,  but  if  the  extract  is  first 
acidified  and  then  neutralized  and  carbonic  anhydride  passed  through 
it,  it  is  not  destroyed.  Pepsinogen  is,  then,  more  sensitive  to  carbon 
dioxide  and  less  sensitive  to  alkalies  than  pepsin.  It  has  since  been 
shown  that  the  loss  of  activity  of  the  pepsin  is  not  permanent,  as  Lang- 
ley thought,  when  the  juice  is  carefully  neutralized  and  then  made  alka- 
line. The  activity  of  the  pepsin  of  such  juice  may  be  reobtained  if  acid 
is  very  carefully  added  nearly  to  the  neutral  point  and  then  after 
standing  twenty  hours  the  reaction  made  acid.  But  there  is  no  doubt 
of  the  difference  in  resistance  of  pepsin  to  COj  and  alkalies  after  and 
before  it  has  been  treated  with  acid.  If  his  explanation  is  correct,  we 
may  then  assume  that  pepsin  exists  in  an  inactive  state  in  the  mucosa  as 
pepsinogen  and  is  set  free  by  the  acid.  Since  it  is  quite  a  common  thing 
for  the  enzymes  to  be  in  union  in  the  cells  with  some  colloidal  matter, 
the  union  being  far  more  stable  than  the  free  enzyme,  it  is  probable  that 
the  explanation  of  Langley  is  the  true  one.  The  bald  statement  is  often 
made  in  the  literature  that  pepsinogen  and  not  pepsin  exists  in  the 
mucosa,  but  it  is  well  to  remember  that  this  is  as  yet  an  inference  and, 
while  quite  probable,  should  not  be  stated  as  a  fact. 

The  fact  that  pepsinogen  is  so  very  sensitive  to  carbonic  acid  gas, 
whereas  pepsin  is  not  at  all  sensitive  to  it,  is  very  interesting  and  may 
throw  light  on  the  nature  of  the  change  which  occurs  when  pepsinogen 
is  converted  into  pepsin.  The  reaction  may  be  the  carbamino  reaction 
of  Siegfried  (see  page  121).    If  it  is  the  carbamino  reaction,  then  the 
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change  produced  by  acid  in  pepsinogen  by  which  it  is  converted  into 
pepsin  might  be  similar  to  the  conversion  of  creatine  to  creatinine  by 
the  action  of  acids.    The  pepsinogen  might  be  represented  thus: 
R— CHNH  R— CHNH 

2 

CH  — COOH  CH  — C  =  O 

2  2 

Pepsinogen.  Pepsin. 

No  importance  is  to  be  attached  to  the  relative  positions  of  the  carboxyl 
and  amino  groups  in  the  above  formula,  but  only  that  under  the  action 
of  the  acid  an  anhydride  may  be  formed  like  creatinine.  The  carbonic 
acid  in  the  presence  of  a  calcium  salt  would  combine  as  follows  with  the 
pepsinogen,  but  not  with  the  pepsin : ' 

R— CHNH— COO— Ca 

6b. CO— 0 

2 

Carbamino  pepsinogen. 

2.  What  cells  of  the  mucous  membrane  form  the  pepsin f  The  ques- 
tion which  followed  immediately  on  the  discovery  of  the  fact  that  pepsin 
or  its  antecedent,  pepsinogen,  existed  in  the  mucous  membrane  in  note- 
worthy quantities  was  that  of  the  location  of  this  substance.  A  histo- 
logical examination  of  the  mucosa  of  the  stomach  showed  it  to  contain 
a  large  number  of  simple  tubular  glands.  There  are  in  these 
glands  in  the  fundus  end  of  the  stomach  in  mammals  three  kinds  of  cells : 
namely,  mucous  cells  near  the  neck  of  the  gland,  chief  or  adelomorphic 
cells,  and  parietal  or  delomorphic  cells.  The  latter  are  also  called  oxyntic 
cells.  Oxyntic  means  acid,  and  adelomorphic  means  "  of  uncertain 
shape  "  (Gr.  adelos,  uncertain;  morphe,  shape).  In  the  pyloric  end  of 
the  stomach  the  glands  have  no  parietal  cells  and  they  differ  in  some 
other  particulars  from  those  of  the  fundus  end.  The  mucous  cells  secrete 
mucin ;  both  the  parietal  and  chief  cells  contain  granules  presumably  of 
a  protein  nature,  but  the  granules  are  larger  in  the  chief  cells  than  in 
the  parietal,  and  these  two  kinds  of  cells  differ  in  their  affinities  for 
certain  dyes.  The  granules  are  more  abundant  at  certain  times  than  at 
others  and  it  is  believed,  though  it  has  not  been  demonstratively  proved, 
from  analogy  with  other  glands  which  can  be  observed  in  the  living  state, 
that  these  granules,  elaborated  by  the  cell,  are  secreted  or  dissolved  and 
pass  out  from  the  cell  when  the  latter  secretes.  They  are  probably  pro- 
tein in  nature,  judging  from  their  solubilities  and  relation  to  reagents, 

'  The  reaction  would  probably  occur  in  the  absence  of  calcium,  giving  simply 
the  free  carbamic  acid  compound.    If  ammonia  is  present  a  uramido  compound  might 

be  formed. 

R_CH— NH— COOH  R— CH— NH— CO— NH, 

in  —COOH  ,  or  CH„— COOH. 
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and  it  is  natural  to  suppose  that  they  constitute  a  portion  at  least  of  the 
organic  matter  found  in  the  gastric  juice.  Many  have  gone  farther 
than  this  and  called  them  plainly  zymogen  granules  and  assumed  that 
they  represent  so  much  pepsinogen.  They  are  in  fact  ordinarily  called 
ferment  granules,  but  it  must  be  remembered  that  this  is  an  inference, 
and  whether  the  pepsin  is  represented  by  the  granules  or  by  some  sub- 
stances in  solution  in  the  protoplasm  it  is  quite  impossible  to  say  at  the 
present  time,  although  it  is  possible  that  some  of  the  granules  may  con- 
tain, or  be,  pepsin  or  pepsinogen  itself.  There  is  no  question  from  the 
work  of  Harvey  and  Bensley  that  the  secretion  of  the  parietal  cells 
is  alkaline  and  protein  in  character.  These  observers  discovered  an 
intravital  stain,  cyanamine,  which  is  blue  when  acid  and  red  when 
alkaline  and  which  is  taken  up  with  avidity  by  the  secretion  in  the 
fine  canaliculi  of  the  parietal  cells.  The  duct  contents  stain  a  clear 
red  by  this  stain  and  the  blue  is  found  only  close  to  the  neck  of 
the  gland  in  the  lumen  and  in  the  cells  of  the  neck  and  the  cells  of 
the  foveolse.  The  secretion  of  the  chief  cells  is  also  of  an  alkaline 
nature. 

It  has  been  found  that  pepsin  is  secreted  in  frogs  by  some  of  the  cells 
in  the  lower  part  of  the  oesophagus,  and  the  opinion  is  widely  held, 
although  it  cannot  be  said  that  the  evidence  is  satisfactory,  that  pepsin 
is  secreted  mainly  by  the  chief  cells.  Until  there  is  some  microchemical 
test  which  will  enable  a  detection  of  pepsin,  it  is  impossible  to  say  which 
kind  of  cell  secretes  pepsin.  It  is  of  course  little  likely,  but  it  is  by  no 
means  excluded  by  experiment  that  some  might  be  secreted  in  the  mucous 
cells. 

3.  The  nature  of  pepsin.  Curiosity  as  to  the  nature  of  the  digestive 
principle,  pepsin,  is  of  course  very  keen  and  many  attempts  have  been 
made  to  discover  something  of  its  chemical  composition.  It  was  early 
found  that  a  small  amount  of  this  substance  was  able  to  digest  a  very 
large  amount  of  meat,  an  amount  enormously  greater  than  its  own 
weight.  This  at  once  classified  it  with  the  enzymes  or  catalytic  sub- 
stances, for  this  is  their  main  characteristic.  But  while  the  amount  is 
large  it  is  not  unlimited.  If  a  large  piece  of  meat  is  put  into  gastric  juice, 
the  digestion  will  stop  long  before  the  digestion  is  complete,  and  it 
proceeds  if  more  pepsin  is  added.  Moreover,  pepsin  is  itself  unstable, 
and  gastric  juice  even  when  kept  in  the  dark  and  in  the  ice  box  slowly 
loses  its  activity. 

Pepsin  is  colloidal  in  nature,  or  if  not  colloidal  itself  it  is  attached 
to  colloids.  If  gastric  juice  is  placed  in  parchment  paper  tubes  and 
dialyzed,  the  pepsin  stays  in  the  tube  while  acids  and  salts  go  out ;  more- 
over, it  will  be  found  that  when  dialyzed  in  this  way  against  water,  or 
very  weak  acid,  a  precipitate  appears  in  the  tube  and  this  precipitate 
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contains  most  of  the  pepsin.  Under  the  ultra  microscope,  also,  pepsin 
solutions  are  seen  to  contain  actively-moving,  colloidal  particles. 

Unfortunately  very  few  of  the  investigators  who  have  attempted  to 
separate  pepsin  from  the  juice  have  made  any  quantitative  determina- 
tions of  the  activity  of  the  substances  they  have  obtained,  but  have  con- 
tented themselves  with  the  statement  that  the  powder  was  very  active, 
or  digested  a  piece  of  fibrin  in  a  certain  length  of  time.  In  the  absence 
of  decisive,  carefully  carried-out  measurements  of  the  activity  of  the 
powders  called  pepsin,  it  is  impossible  to  know  whether  the  powders 
described  as  pepsin  contained  much  or  little  of  the  active  principle. 

Briicke  made  in  the  phosphoric  acid  extract  of  the  mucosa  an  insoluble 
precipitate  of  Ca3(P04)  2.  This  carried  down  some  pepsin  with  it.  This 
was  dissolved  in  hydrochloric  acid  and  then  an  ether-alcoholic  solutioui 
of  cholesterol  was  poured  into  the  solution.  The  cholesterol  was  pre- 
cipitated and  again  carried  down  some  of  the  pepsin.  The  cholesterol 
was  removed  from  the  precipitate  with  ether,  leaving  the  pepsin  behind. 
The  small  amount  of  powder  thus  obtained  was  of  unknown  activity. 
It  gave  no  xanthoproteic  reaction,  nor  was  it  precipitated  by  tannic 
acid  or  potassium  ferrocyanide  and  acetic  acid. 

Sundberg,  in  1885,  extracted  the  mucosa  with  saturated  sodium- 
chloride  solution  which  prevented  the  solution  of  much  protein.  The 
solution  was  very  powerful,  but  contained  only  a  trace  of  protein.  This 
solution  he  precipitated  with  Ca3(P0i),,  redissolved  in  HCl  and  dia- 
lyzed.  He  states  that  the  solution  was  more  active  than  before,  but  gave 
no  reactions  for  protein.  It  contained  ash  and  nitrogen.  Pekelharing 
in  1896  and  1897  made  an  HCl  extract  of  the  mucosa  and  dialyzed  it. 
A  precipitate  formed  in  the  tube.  This  was  many  times  redissolved  in 
acid  and  precipitated  by  dialysis.  He  finally  obtained  a  precipitate 
which  had  a  powerful  digestive  action.  It  was  a  yellow  powder  giving 
the  albumin  reactions  and  containing  about  1  per  cent.  P^Oj,  some  of 
which  was  soluble  in  alcohol.  It  contained  a  nucleoprotein.  1/100  mg. 
of  this  powder  dissolved  in  .2  per  cent.  HCl  was  able  to  digest  a  piece 
of  fibrin  in  one  hour  and  a  piece  of  coagulated  egg  albumin  2  mm.  thick 
and  1  cm.  long  in  a  few  hours.  The  substance  gave  no  xanthoproteic 
reaction,  but  was  certainly  a  protein  and  he  thought  probably  a  nucleo- 
protein. 

Nencki  and  Sieber  examined  the  natural  pepsin  precipitated  from 
natural  gastric  juice  of  dogs  on  standing  in  the  cold.  This  pepsin  con- 
tained CI,  .475  per  cent. ;  P,  .104  per  cent. ;  Pe,  .16  per  cent,  in  the  dry 
pepsin.  After  washing  with  alcohol  the  ash  was  .399  per  cent. ;  Fe, 
0.115  per  cent. ;  P,  0.059  per  cent. ;  CI,  .188  per  cent,  of  dry  pepsin.  The 
elementary  analysis  was  C,  51.26  per  cent. ;  H,  6.74  per  cent. ;  N,  14.33 
per  cent. ;  S,  1.5  per  cent.    These  are  the  figures  of  a  protein.    It  lost 
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power  on  washing  in  alcohol.  Lecithin  made  about  10  per  cent,  of  the 
pepsin.  They  concluded  that  the  molecule  was  very  complex  and  labile 
and  that  it  contained  protein,  lecithin,  chlorine,  iron,  phosphorus  and 
a  pentose.  These  conclusions  are,  however,  quite  incorrect  for  the  active 
principle.  Pekelharing  subsequently  obtained  a  pepsin  which  was  active, 
but  which  was  free  from  phosphorus  and  contained,  hence,  neither 
nucleic  acid  nor  lecithin,  but  still  contained  protein.  Purified  pepsin 
contains  no  chlorine.  Pepsin  prepared  by  salting  out  from  commercial 
pepsin  by  (NH4)2S04  appears  to  be  a  coagulable  protein. 

It  will  be  clear  from  this  resume  that  practically  nothing  is  known 
of  the  nature  of  the  active  principle  and  that  the  subject  is  badly  in  need 
of  investigation.  It  seems,  on  the  whole,  probable  from  all  its  reactions 
that  the  pepsin  is  either  a  protein  itself  or  united  with  a  protein.  The 
fact  that  it  is  so  easily  extracted  with  acid  and  that  it  is  so  unstable  in 
alkaline  media  indicates  that  it  is  of  a  basic  nature  and  hence  probably 
contains  nitrogen.  Pepsin  is  destroyed  in  a  moist  state  when  heated  to 
57-58°,  which  is  the  temperature  at  which  the  proteins  present  coagulate 
(Langley). 

4.  Differeni  pepsins  exist.  Just  as  each  animal  has  its  own  specific 
proteins  which  resemble  those  of  others  but  which  are  nevertheless  differ- 
ent from  them,  so  there  appear  to  be  different  pepsins.  Bj'  pepsin,  as  a 
group  name,  is  meant  a  proteolytic  enzyme  which  acts  in  a  strongly  acid, 
but  not  in  a  neutral  or  alkaline  medium.  That  there  is  more  than  one 
kind  of  pepsin  is  indicated  by  the  fact  that  the  optimum  concentration 
of  acid  is  not  always  the  same.  For  example,  tliat  of  the  dog  has  an 
optimum  with  a  hydrogen  ion  concentration  of  .05  N,  while  human  pep- 
sin has  its  optimum  at  a  lower  concentration,  namely  .03  N.  Tliey  differ 
also  in  their  resistance  to  heat.  The  pepsin  of  cold-blooded  animals 
works  as  well  at  10°  as  at  40°  C,  wherea,s  that  of  warm-blooded  animals 
works  far  better  at  the  latter  temperature.  They  show  differences,  also, 
in  their  speed  of  digestion  of  different  proteins.  Thus  the  pepsin  of  the 
calf's  stomach  digests  casein  at  a  rapid  rate,  but  coagulated  egg  albumin 
very  much  more  slowly.  The  pepsin  of  the  pig's  stomach  digests  both 
proteins  rapidly. 

5.  Pepsin  in  embryonic  development.  Pepsin  is  present  in  the  gas- 
tric mucosa  of  new-born  cats  and  dogs,  but  this  pepsin  only  begins  to  attack 
coagulated  egg  albumin  toward  the  end  of  the  third  week  of  life.  It 
appears  at  an  earlier  time  in  the  rabbit.  In  children  pepsin  is  already 
present  at  birth  and  casein  is  changed  by  it  to  proteose.  Whether  this 
pepsin  is  identical  with  that  of  adults  is  not  yet  certain.  Casein  is 
digested  with  greater  ease  than  many  other  proteins.  Extract  of  the 
cow's  stomach  has  digestive  power  in  an  acid  solution  from  the  third 
fetal  month.  The  stomachs  of  children  have  less  acid  in  the  juice  they 
secrete  than  is  found  in  adults  and  the  pepsin  in  their  stomachs  works 
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in  more  weakly  acid  media  than  in  adults.  Pepsin  may,  in  fact,  be 
regarded  as  an  enzyme  which  appears  rather  late  in  the  course  of  evo- 
lution and  also  late  in  the  course  of  embryonic  development,  and  it  is 
preceded  by  other  enzymes  of  the  nature  of  ei'epsin  which  are  active  in  a 
weaker  acid.  No  invertebrate  has  been  found  to  have  a  true  pepsin 
active  in  strongly  acid  media  and  inactive  in  neutral  or  alkaline.  The 
proteolytic  enzymes  of  invertebrates  are  usually  of  the  tryptic,  ereptic  or 
autolytic  class.  Some,  however,  are  said  to  be  active  in  feebly  acid  media. 
6.  Conditions  of  activity  of  pepsin.  The  most  important  of  these 
conditions  is  the  acidity  of  the  mixture.  The  most  favorable  concen- 
tration of  acid  is  that  which  is  generallj^  found  in  the  stomach  of  the 
animal  of  which  the  pepsin  is  being  examined.  For  human  beings  it 
is  an  acidity  of  about  0.3  per  cent,  hydrochloric  acid,  or  an  hydrogen 
ion  concentration  of  about  0.03.  ,N.  In  dogs  the  concentration  of  both 
free  acid  and  of  hydrogen  ions  is  greater  and  the  optimum  is  higher: 
namely,  at  about  0.56  per  cent,  hydrochloric  acid,  or  about  0.05  N 
hydrogen  ions.  Other  acids  are  able  to  replace  hydrochloric  acid, 
but  none  are  better,  and  probably  none  quite  so  good  as  the  hydrochloric 
acid  which  is  normally  present.  The  action  of  the  acid  involves  not 
only  the  hydrogen  ion,  but  also  the  anion,  since  when  various  acids  are 
taken  with  the  same  hydrogen  ion  concentration  it  is  not  found  that 
all  the  acids  aid  the  pepsin  equally  well.  The  sulphate  ion  appears  to  be 
particularly  deterrent.  Perhaps  it  acts  on  the  protein  to  prevent  its 
ready  solution.  It  appears  that  pepsin  unites  with  protein  which  is 
being  digested  and  advantage  may  be  taken  of  this  fact  to  separate  pepsin 
from  a  solution.  If  fibrin  or  elastin  is  immersed  in  a  slightly  acid  solu- 
tion containing  pepsin,  the  pepsin  will  stick  to  the  protein  and  when 
the  fibrin  or  elastin  is  taken  out  of  the  solution  pepsin  goes  with  it.  If, 
then,  the  elastin  is  thoroughly  washed  with  water  to  get  rid  of  all 
adherent  substances  and  then  brought  into  hydrochloric  acid  of  the  right 
concentration,  the  pepsin  attacks  and  digests  the  protein.  The  course 
of  the  digestion  may  be  followed  very  easily  by  the  polariscope,  since 
the  products  of  proteolytic  digestion  are  optically  active  and  it  is  only 
necessary  to  filter  off  some  of  the  solution  from  time  to  time  and  exam- 
ine the  progressive  change  in  the  rotatory  power  of  the  solution.  The 
rate  of  solution  may  be  followed,  also,  by  means  of  the  ninhydrin,  or 
other  delicate  reaction  for  the  presence  of  amino-acids  or  other  poly- 
peptides in  the  solution.  Free  acid  is  not  necessary  for  the  action  of 
the  pepsin.  If  a  protein  is  first  soaked  in  acid  so  that  it  combines  with 
the  acid  and  is  then  brought  into  a  neutral  solution  of  pepsin,  it  will 
be  found  that  pepsin  will  digest  the  protein,  although  the  reaction  of 
the  solution  when  tested  with  congo  red  shows  no  free  acid  present.  In 
fact,  it  is  probably  not  the  concentration  of  the  hydrogen  ions  which 
is  important  in  the  digestion,  but  the  combined  acid.     It  is  the  acid 
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which  is  combined  with  the  protein  and  pepsin  which  enables  the  pepsin 
to  act.  Neither  pepsin  nor  hydrochloric  acid  will  digest  rapidly  except 
in  the  presence  of  the  other. 

The  optimum  H  ion  concentration  is  difficult  to  determine.  It  lies 
between  1.7X10~^  N  and  3X10~^.  When  the  concentration  of  H  ions 
falls  to  10~^  N,  Michaelis  states  that  the  digestion  is  already  bad,  and  at 
NX  10^  it  almost  ceases.  It  is  probable  that  the  optimum  will  be  found 
to  differ  with  different  pepsins,  since  in  a  baby's  stomach  the  digestion 
goes  on  with  a  much  weaker  acidity  than  this. 

7.  Law  of  peptic  activity.  The  question  may  now  be  asked  what 
relation,  if  any,  exists  between  the  amount  of  pepsin,  the  amount  of 
digestive  products  and  the  time  of  the  digestion.  What  is  the  relation 
between  the  rate  of  digestion  and  the  quantity  of  pepsin?  If  the  quan- 
tity of  pepsin  in  unit  volume  be  doubled,  will  the  rate  of  digestion  be 
doubled,  or  will  it  increase  more  or  less  than  this?  One  reason  for 
finding  out  any  such  proportion  between  rate  and  amount  of  pepsin  is 
that  it  may  enable  us  to  compute  the  amount  of  pepsin  present,  or  the 
relative  amount  compared  with  some  standard,  by  measuring  the  rate 
of  digestion.  By  the  rate  of  digestion  is  meant  the  amount  of  protein 
digested  divided  by  the  time  in  minutes  or  hours  during  which  the 
digestion  has  proceeded.  This  gives  the  average  rate  of  digestion  per 
minute  or  hour  during  the  period  of  observation. 

It  happens  that  we  can  only  measure  differences  in  the  amount  of 
digestion  after  an  hour  or  more  interval.  The  rate  may  not  remain 
constant  during  this  time.  It  is,  therefore,  much  more  convenient  to 
take  a  very  short  interval  of  time,  an  interval  so  short  that  the  rate 
does  remain  practically  constant  throughout  it.  This  time  which  is 
relatively  very  minute  we  represent  ordinarily  by  the  symbol  dt.  Dur- 
ing this  interval  of  time  the  amount  digested,  let  us  say  of  coagulated 
albumin,  is  a  very  small  amount  and  it  is  represented  by  the  symbol  dx. 
The  rate  of  digestion  for  this  small  time  interval  is,  then,  the  quantity 
digested  divided  by  the  time,  or  dx/dt.  We  can  make  various  guesses 
concerning  the  relation  of  this  velocity  of  digestion,  dx/dt,  to  the  con- 
centration of  the  enzyme.  The  simplest  guess  is  that  the  rate  is  propor- 
tional to  the  amount  of  the  ferment  present,  or  that  da;/(2t=KC  tCs- 
Where  K  is  a  constant  of  proportion  to  be  determined  by  experiment, 
and  Cj  and  C^  are  respectively  the  concentration  of  the  ferment  in  unit 
volume  and  the  concentration  of  the  protein  or  substrate.  If  C,  remains 
constant,  the  velocity  should  be  constant  also,  provided  of  course  that 
C,  does  not  change.  If,  however,  Cs  is  changing,  that  is  if  there  is  less 
and  less  protein  left  undigested,  then  the  velocity  should  of  course  stead- 
ily diminish  as  C  diminishes.  Let  us  suppose,  for  example,  that  this 
is  the  case.    If  a  is  the  concentration  of  the  protein  at  the  start  and  x 
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is  the  amount  digested  during  the  interval  t,  then  a — x  is  the  concentra- 
tion at  the  end  of  the  time  t.  The  equation  becomes  then  dx/dt-=KC 
(a — x).  By  integrating  this  expression  we  sum  up  all  the  amounts 
digested  in  the  successive  intervals  which  have  elapsed  since  the  begin- 
ning of  the  digestion  and  that  enables  us  to  compare  the  actual  digestion 
as  measured  with  that  computed  in  this  way.  Integrating,  or  summing 
the  expression,  we  have,  log  (a/ (a — x) )  =KC£  t.  If  on  the  other  hand  Ct 
remains  constant,  we  should  have  x,  the  amount  digested,  =KCtt.  That 
is,  the  amount  digested  should  be  proportioned  to  the  time  t. 

One  of  the  most  useful  methods  of  measuring  the  rate  of  digestion  is 
that  of  Mett's  tubes,  which  has  already  been  described  (p.  331).  The 
length  of  the  column  of  coagulated  egg  albumin  digested  away  from  the 
end  of  the  tube  is  carefully  measured.  This  method  is  certainly  far  from 
ideal.  The  cross-section  of  the  protein  exposed  to  be  acted  upon  by  the 
pepsin  remains  approximately  constant  in  this  method,  so  that  this  sub- 
strate is  constant ;  but  the  concentration  of  the  ferment  does  not  remain 
constant.  The  fragments  of  protein  which  go  into  solution  are  not  fully 
digested.  They  combine  with  and  neutralize  in  this  manner  some  of  the 
pepsin,  so  that  the  concentration  of  the  pepsin  immediately  at  the  end 
of  the  cylinder  of  protein  is  reduced.  They  also  combine  with  the  acid 
and  reduce  the  concentration  of  the  acid  at  this  point,  and  in  both  these 
ways  cheek  the  rate  to  a  maximum.  Nevertheless,  by  this  method  a 
certain  relation  has  been  found  to  exist  between  rate  and  amount  of 
ferment:  namely,  the  amount  of  coagulated  protein  digested  is  propor- 
tional to  the  square  root  of  the  concentration  of  enzyme,  x=tKVC{ 
This  is  known  as  the  law  of  Schiitz  and  Borrissow.  The  time  is  taken 
always  as  24  hours.  It  expresses  only  a  relation  within  very  narrow 
and  special  conditions,  but  it  is  a  useful  method  none  the  less.  This 
relation  between  rate  of  digestion  and  enzyme  concentration  is  not  fol- 
lowed if  the  conditions  are  changed.  For  example.  Gross  has  measured 
the  amount  of  pepsin  by  the  rate  of  conversion  of  casein  into  caseoses 
which  are  not  precipitated  by  acids.  In  this  method  the  casein  and  the 
enzyme  are  both  in  solution,  but  the  casein  is  changing  its  quantity  rap- 
idly. He  measured  the  time  it  took  various  concentrations  of  pepsin 
to  convert  all  the  casein  into  caseoses  and  he  found  that  if  he  doubled 
the  amount  of  pepsin  he  halved  the  time.  This  corresponds  to  our  first 
equation  log  (a/(a — x))=KCjt.  For  in  this  case  the  concentration  of 
the  casein  at  the  start,  a,  and  the  concentration  at  the  time  t,  or  (a — x), 
are  always  taken  the  same  and  are  constant,  so  that  we  have  simply  log 
(a/ (a — ^x) )  =Constant=KCf  t.  That  is,  the  concentration  of  the  fer- 
ment multiplied  by  the  time  is  a  constant.  If,  therefore,  the  ferment  is 
doubled,  the  time  will  be  halved.  A  very  similar  law  has  been  found 
to  hold  also  for  the  liquefaction  of  gelatin  by  various  proteolytic 
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enzymes  of  bacterial  and  other  origins  by  Jordan.  The  time  required  for 
liquefaction  is  inversely  proportional  to  the  concentration  of  the  enzyme 
present. 

Among  other  simple  but  not  very  accurate  methods  devised  for  the 
study  of  the  rate  of  digestion  are  various  colorimetric  methods.  These 
generally  involve  the  setting  free  of  some  dye  from  fibrin  by  digestion. 
Carmine  and  acid  fuehsin  are  sometimes  used.  The  amount  of  digestion 
is  estimated  by  the  color  of  the  solution.  Fibrin  may  be  brought  into 
a  slightly  acid  (acetic  acid)  solution  of  acid  fuehsin  in  which  it  stains 
an  intense  red.  The  color  is  fixed  more  firmly  by  heating  to  80°  C.  A 
small  piece  of  colored  fibrin  is  placed  in  5-10  c.c.  of  the  juice  to  be 
examined  and  the  rate  of  digestion  is  determined  by  the  deepening  of 
the  color  of  the  solution.  For  two  reasons  this  method  is  not  accurate. 
In  the  first  place,  it  is  impossible  to  get  two  pieces  of  fibrin  of  exactly 
the  same  surface  of  contact  between  it  and  the  enzyme  solution.  And, 
in  the  second  place,  the  combining  power  of  the  fibrin  for  congo  red 
or  any  other  color  increases  as  digestion  proceeds  and  more  molecules 
are  set  free.  One  has  thus  a  varying  relation  between  the  amount  of 
color  and  the  amount  of  fibrin  in  the  solution. 

8.  Products  of  the  peptic  digestion  of  proteins.  The  action  of  the 
gastric  juice  is  to  dissolve  the  proteins  partially  or  wholly.  To  bring 
this  to  pass  a  chemical  change  is  produced  in  the  protein.  If  fibrin  is 
dissolved  in  gastric  juice,  the  substance  in  solution  is  no  longer  fibrin. 
It  has  been  changed  to  a  mixture  of  derived  proteins  called  meta-protein 
and  proteoses  by  the  action  of  the  juice.  Whether  amino-acids  and  di- 
and  tri-peptides  are  produced  at  the  same  time  or  not  has  been  the  subject 
of  much  controversy,  owing  in  part  to  the  fact  that  the  digestion  has  at 
times  been  carried  out  with  pure  juice  and  at  times  by  extracts  of  the 
mucous  membrane.  In  these  extracts  there  are  present  sometimes  other 
enzymes  than  pepsin.  The  digestion  of  a  protein  by  pepsin  hydrochloric 
acid  is  in  its  main  features  as  follows:  If  a  mass  of  fibrin  is  dissolved 
in  gastric  juice,  there  remains  a  small  undissolved  residue  which  is  sup- 
posed to  represent  nuclein  of  white  blood  cells  entangled  in  the  fibrin, 
or  a  lecitho-protein  (Wooldridge).  From  this  it  appears  that  gastric 
juice  will  not  dissolve  nuclein  or  some  leeithoproteins.  If  the  clear 
filtrate  from  any  such  undissolved  digestion  residue  is  neutralized  care- 
fully with  NaOH  or  NaHCOa,  there  is  generally  precipitated  at  or  near 
the  neutral  point,  if  the  digestion  has  not  lasted  long,  a  more  or  less 
copious  flocculent  precipitate  which  will  redissolve  if  more  alkali  is 
added.  This  substance  (1)  is  a  meta-protein  known  as  syntonin  or  acid 
albumin.  The  greater  part  of  the  digested  fibrin  remains  in  solution 
even  at  the  neutral  point.    The  solution  gives  a  violet-red  biuret  test. 

If  the  solution  freed  from  the  syntonin  is  half  saturated  with 


DIGESTION    IN   THE   STOMACH  361 

ammonium  sulphate,  a  white,  flocculent  or  sticky  precipitate  separates 
out,  which  often  clings  to  a  glass  rod  or  sticks  to  the  side  of  the  beaker. 
This  substance  (2)  is  known  as  primary,  or  proto-proteose  or  protal- 
humose.  If  more  ammonium  sulphate  is  added,  another  precipitate 
begins  to  form  and  at  complete  saturation  of  the  warm  solution  there 
separates  a  second  substance,  or  rather  a  mixture  of  substances  (3) 
which  are  known  as  deutero,  or  secondary  proteoses  or  albumoses.  These 
two  fractions,  2  and  3,  make  by  far  the  greater  part  of  the  weight  of  the 
original  fibrin,  and  the  process  of  digestion  evidently  consists  in  con- 
verting the  protein  into  acid  albumin,  proto-  and  deutero-aliumose.  It 
will  be  found  by  the  examination  of  the  digested  mixture  from  which 
the  albumoses  have  been  separated  by  ammonium  sulphate  that  it  still 
gives  a  good  biuret  test.  The  separation  of  these  biuret-giving,  pro- 
teolytic products  which  are  soluble  in  saturated  ammonium  sulphate  is 
a  matter  of  some  difficulty.  They  are  all  called  peptones  (4).  Whether 
some  amino-acids  or  di-  and  tri-peptides  are  produced,  or  not,  is  still  a 
matter  of  dispute,  but  probably  they  are  not  set  free  by  the  pepsin,  even 
though  they  may  appear  in  the  digestive  mixtures.  It  is,  perhaps,  more 
probable  that  they  are  the  result  of  the  action  of  the  ereptic  protease, 
sometimes  and  perhaps  always  present.  There  is  a  general  agreement, 
therefore,  that  by^  peptic  digestion  acid  albumin,  proteoses  and  peptones 
are  formed. 

We  should  not  leave  this  part  of  the  subject,  however,  without  a 
reference  to  the  very  careful  work  of  Zuntz  on  the  extent  of  peptic 
decomposition  of  proteins,  since  his  results  raise  many  questions  of  inter- 
pretation of  which  the  solution  may  be  of  great  value.  Zuntz  found  that 
protein  fragments  of  small  size,  precipitated  by  phosphotungstic  acid 
and  not  giving  the  biuret  test,  were  formed  very  early  in  the  course  of 
digestion. 

a.  The  proteoses  or  albumoses.  The  proteoses  or  albumoses  are  a 
groap  of  derived  proteins.  There  are  three  divisions  of  the  group : 
namely,  the  primary  proteoses,  including  the  proto-proteoses  and  hetero- 
proteoses,  and  the  secondary,  or  deutero-proteoses.  The  primary  pro- 
teoses are  precipitated  by  half  saturation  of  their  solutions  by  ammonium 
sulphate.  Proto-proteose  is  soluble  both  in  hot  and  cold  water  and  dilute 
salt  solution.  The  hetero-proteoses,  while  not  coagulated  by  heat,  undergo 
a  precipitation  when  heated,  but  the  precipitate  redissolves  readily  in 
a  little  acid  or  alkali.  The  hetero-proteoses  are  insoluble  in  water,  but 
soluble  in  dilute  salt  solutions.  The  secondary  proteoses  are  only  pre- 
cipitated by  full  saturation.  It  is  probable  that  each  of  these  groups 
is  a  mixture  of  many  different  fragments  of  the  protein  molecule.  They 
can  be  further  fractioned  by  ammonium  sulphate,  but  we  need  not  go 
into  that  matter  at  this  place. 
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It  is  found  that  the  different  proteoses  differ  in  the  kind  and  amount  of 
the  amino-acids  that  they  contain.  They  diifer  also  from  each  other 
depending  on  the  protein  from  which  they  come,  the  deutero-gelatose 
from  gelatin  being  different  from  the  deutero-caseose  from  casein.  The 
protalbumoses  differ  from  the  deutero-albumoses,  also,  in  their  reaction 
to  other  precipitating  reagents  than  ammonium  sulphate.  Thus  potas- 
sium ferrocyanide  and  acetic  acid  precipitate  the  proto,  but  not  the 
deutero-albumose ;  copper  sulphate  will  precipitate  the  former,  but  not 
the  latter,  and  other  differences  have  been  noted  by  Kutscher.  It  is 
probable,  from  his  results,  that  the  latter  have  more  of  the  basic  amino- 
acids  in  them  than  the  former  and  that  the  protalbumose  is  more  acid 
than  the  deutero-albumose. 

9.  Character  of  the  Unkings  in  the  protein  molecule  attacked  iy 
pepsin.  Although  it  ia  uncertain  whether  some  small  amounts  of  amino- 
acids  are  or  are  not  set  free  by  the  prolonged  action  of  pepsin  hydro- 
chloric acid,  there  is  no  doubt  that  the  action  is  incomparably  more  rapid 
in  the  first  stages  of  digestion  by  which  the  protein  is  split  into  albumoses 
and  peptones  than  in  the  further  decomposition  of  these  substances. 
Another  very  significant  fact  is  that  no  artificial  polypeptides  have  yet 
been  made  which  can  be  digested  by  pepsin,  although  many  are  digested 
by  erepsin  and  trypsin.  Moreover,  pepsin  has  no  action  at  all  on  certain 
proteins  which  are  easily  digested  by  trypsin  and  erepsin.  It  has  no 
action  on  the  protamines,  salmin  and  clupein.  In  this  case  we  have 
linkings  between  the  basic  amino-acids  and  proline,  serine  and  valine 
wiiich  pepsin  cannot  break.  Since  it  will  not  act  either  on  any  of  the 
artificial  polypeptides,  it  seems  either  that  pepsin  must  act  only  on  some 
special  aiiiiuo-acid  linkings,  or  else  that  there  are  in  the  protein  molecule 
linkings  uniting  the  albumoses  of  a  different  nature  than  amino-acid 
linkings.  It  may  be  remarked  in  this  connection,  however,  that  while  in 
the  course  of  prolonged  peptic  digestion  the  number  of  free  amino 
groups  undoubtedly  increases,  as  is  shown  presently,  yet  it  is  still  doubt- 
ful whether  the  early  rapid  digestion  leading  to  the  formation  of 
albumoses  is  accompanied  by  any  increase  in  free  amino  groups.  This 
would  indicate  that  if  the  later  digestion  is  really  due  to  the  pepsin  and 
not  to  some  admixed  enzyme  of  an  ereptie  nature,  like  that,  for  example, 
of  the  saliva,  that  the  pepsin  must  have  acted  on  some  amino-linkihgs. 
The  further  investigation  of  this  problem  will  possibly  throw  light  on  the 
synthesis  of  albumoses  to  make  complex  proteins.  In  any  case  the  action 
of  pepsin  shows  that  the  possibility  that  the  protein  molecule  is  not  a 
single  long  chain  of  amino-acids,  but  may  be  composed  of  larger  groups 
of  two,  three  or  a  larger  number  of  amnio  acids,  just  as  starch  is  com- 
posed of  a  number  of  maltose  groups,  cannot  be  disregarded.  The  protein 
digestion  is  thus  apparently  similar  to  that  of  the  polysaccharides.  By 
digestion  of  the  polysaccharide,  starch,  a  number  of  dextrin  groups  are 
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first  formed,  and  these  are  subsequently  transformed  into  monosac- 
charides. This  is  accomplished  by  two  or  three  ferments :  amylase,  which 
attacks  the  starch  and  carries  it  over  into  dextrin;  dextrinase,  which 
attacks  the  dextrin  and  carries  it  to  maltose;  and  maltase,  converting 
maltose  to  glucose.  Amylase,  dextrinase  and  maltase  correspond  in  a 
general  way  with  the  three  proteolytic  enzymes  pepsin,  trypsin  and 
erepsin.  That  the  pepsin  hydroehlroic  acid  decomposes  by  hydrolysis  is 
shown  by  the  investigations  of  Chittenden  and  Kiihne.  If  a  protein 
is  analyzed  before  and  after  digestion,  it  is  found  that  the  amount  of 
hydrogen  and  oxygen  in  the  split  products  is  much  greater  than  in  the 
original  protein.  The  total  weight,  also,  of  the  solid  protein  left  on 
evaporation  is  increased,  showing  that  the  elements  of  water  are  taken  on. 
During  the  course  of  prolonged  peptic  digestion  there  is  a  breaking 
of  amino-carboxyl  linkings  so  that  the  number  of  free,  that  is  unsubsti- 
tuted,  amino  groups  greatly  increases.  This  inference  is  drawn  from 
two  facts :  first,  the  capacity  of  the  digestive  products  of  combining  with 
formaldehyde  steadily  increases,  as  is  shown  by  the  Sorensen  titration; 
and,  second,  coincident  with  this  is  a  steady  increase  in  the  power  of 
combining  with  acid,  as  is  shown  by  the  steady  fall  in  the  amount  of 
uncombined  or  free  hydrochloric  acid  as  determined  by  the  Giinzberg 
reagent.    The  following  experiments  illustrate  these  facts: 

100  c.c  1%  gluten  in  N/IOHCI  plus  50  c.c  1%  Parke-Davis  pepsin  in  N/lOHCl 
in  the  thermostat  at  38° 

Free  HCl  Foiiiiol 

Titration  (Giinzberg)  titration 

At  once S8»  0 

After    4    days    84  12 

After   12   days    77  17 

*  The  figures  represent  c.c.  of  N/10  NaOH  necessary  to  neutralize  100  c.c.  of  the 

mixture.     100  c.c,  for  example,  contains  88  c.c.  free  N/10  HCl.     On  tlu>  addition  of 

formol  the  acidity  increases  equivalent  to  6  c.c.  N/10  acid,  pnenol-phthalein  being 

the  indicator. 

50  CO.  saturated  gluten  solution  in  N/JO  HCl  plus  50  c.c.  1%  Parke-Davis  pepsin 

in  N/10  HCl  in  thermostat. 
Titration 

At  once 91  13 

After    4    days    84  21 

The  experiments  show  that  the  increase  in  the  formol  titration  is 
almost  equal  to  the  decrease  in  the  free  acid.  This  fact  is  also  brought 
out  in  the  following  experiments  which  give  also  the  change  in  the 
titration  by  eongo  red:  „..    , 

acirlity  Congo  Giinzberg  Formol 

Titration  "Free  HCl  acidity  acidity  titration 

At  once 72  88  16  18 

After  2  hours  64  86  22  25 

1  day  56  86  30  32 

"  60  days 29  89  60  58 

"  135  days 20  88  68  67 
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The  Congo  titration  remains  practically  constant,  since  this  gives  both 
free  and  combined  acid ;  and  the  difference  between  Giinzberg  and  congo 
acidity  represents  the  amount  of  hydrochloric  acid  which  has  been  bound 
by  the  amino  groups  set  free.  It  will  be  seen  that  this  number  is  almost 
the  same  as  that  of  the  f  ormol  titration  which  titrates  the  number  of  such 
amino  groups  which  have  been  set  free  in  another  way. 

These  experiments  show  very  clearly  that  whatever  the  special  link- 
ings  may  be  which  are  broken  by  the  pepsin,  or  other  enzymes  in  the 
commercial  pepsin,  that  they  involve  amino  groups.  It  will  be  seen, 
too,  that  the  free  acidity  decreases  markedly,  and  since  the  activity  of 
the  pepsin  is  dependent  on  the  acidity  this  factor  of  diminishing  acidity 
will  probably  alter  the  rate  of  digestion.  In  any  experiment  in  which 
the  activity  of  the  pepsin  itself  is  to  be  studied  the  acidity  should  be  kept 
constant. 

Such  a  substance  as  Witte's  peptone,  which  is  in  reality  largely  a 
mixture  of  albumoses,  is  still  capable  of  partial  digestion  by  pepsin,  as 
is  shown  in  the  following  experiment : 

50  c.c.  4%  Witte's  peptone  plus  50  c.e.   1%  Parke-Davis  pepsin  in  N/10  HCl 

plus  25  c.c.  water  at  38°  C. 

Free  acidity        Free  and  combined 
Titration  (Gunzberg)  (Cougo  red)  Formol 

At  once 15  38  >  24 

After  2  days 9  37  29 

After  9  days  —10  29  42 

There  is  a  noticeable  increase  in  the  free  amino  groups,  as  shown  by 

the  rise  in  the  formalin  and  decrease  in  the  Gunzberg  acidity. 

If  the  formation  of  other  products  than  peptones  and  albumoses 

recorded  by  Zuntz  is  really  due  to  pepsin,  the  following  scheme  may 

perhaps  indicate  the  course  of  peptic  digestion  of  a  simple  protein. 

Simple  protein  digested  by  pepsin  HCl. 

! 

I  I  • 

Syntouiii  Tripeptide 

J 

Proto-proteose  Tripeptide 

J 

Proto-proteose  Tripeptide 

I 

Deutero-proteose  Tripeptide 


Beutero-proteose  Tripeptide 

J 

Peptone  Tripeptide 
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10.  Energy  changes  in  digestion.  Peptic  digestion  does  not  involve 
a  noticeable  loss  of  ensrgy,  a  matter  of  great  importance  for  the  organ- 
ism, since  it  indicates  that  neither  the  synthesis  nor  the  decomposition 
of  the  proteins  from  the  amino-acids  involves  much  energy  dissipation. 

If  the  heat  produced  by  burning  a  certain  weight  of  the  protein  before 
digestion  is  compared  vrith  that  produced,  by  burning  the  same  weight  of 
the  digested  products,  allowing  for  the  increase  of  weight  due  to  the 
water  added  by  hydrolysis,  the  difference  is  negligible.  Energy  is  not 
lost,  then,  by  the  hydrolytic  decomposition  of  the  proteins,  or  the  loss 
is  extremely  little,  nor  is  energy  required  for  their  synthesis  by 
dehydration. 

11.  Fate  of  the  pepsin.  What  becomes  of  the  pepsin  which  is 
secreted  by  the  stomach  and  finds  its  way  into  the  intestine?  Is  it 
destroyed  there  by  the  action  of  the  bacteria  and  enzymes  of  the  small 
and  large  intestine?  or  is  it  reabsorbed?  and,  if  it  is  reabsorbed,  what 
becomes  of  it?  Is  it  picked  out  from  the  blood  by  the  stomach  mucosa 
and  used  over  again  or  is  it  taken  up  and  destroyed  by  the  blood  or 
body  cells? 

These  are  questions  to  which  only  most  imperfect  answers  can  be 
given.  In  fact,  it  is  not  known  what  becomes  of  most  of  the  pepsin  pass- 
ing \vi1h  tlie  food r  into  the  intestine.  It  was  long  thoufrht  that  by  the 
action  of  the  bile,  duodenal  and  pancreatic  secretions,  all  of  which  are 
alkaline,  it  would  be  destroyed  and  that  its  action  would  cease  on 
entering  the  intestine  and  the  pepsin  itself  be  perhaps  digested.  This  is 
perhaps  the  fate  of  most  of  it.  But  it  has  been  found  that  the  reaction 
of  the  chyme  in  the  upper  part  of  the  intestine  remains  weakly  acid 
sornefiiues  clear  to  the  large  intestine,  at  other  times  only  a  short  distance 
below  the  pylorus,  but  in  any  case  the  neutralization  gives  very  little  or 
no  free  alkali.  Recent  experiments  by  Abderhalden  and  Meyer  have 
shown  that  active  pepsin  is  to  be  found  in  the  intestinal  contents  of  the 
dog's  duodenum,  jejunnm  and  ileum.  By  mixing  these  contents  with 
elastin  to  which  the  enzyme  sticks  and  then  placing  the  elastin  in  hydro- 
chloi-ic  acid  solution,  the  elastin  was  found  to  be  digested,  proving  tlie 
pix'scnce  of  active  pepsin  throughout  the  canal.  There  can  be  little 
doubt  that  the  peptic  digestion  does  not  cease  as  soon  as  the  chyme  passes 
into  the  intestine,  but  continues  for  some  time,  and  that  the  pepsin  is  not 
killed  at  once,  at  any  rate,  by  trypsin  and  erepsin. 

The  further  fate  of  this  pepsin  is  not  known.  Very  little  active  pep- 
sin is  found  in  the  feces.  There  is  little  doubt  that  some  of  it  is  absorbed, 
for  the  blood  always  contains  some  anti-pepsin,  a  fact  which  proves  that 
pepsin  has  found  entrance  to  the  blood  either  from  the  peptic  glands 
of  the  stomach  or  from  the  alimentary  canal.  More  probably  it  enters 
from  the  latter.    Pepsin  is  found,  also,  in  small  amounts  in  the  urine, 
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which  proves  that  some  of  it  is  circulating  in  the  blood.  These  facts 
make  it  possible  that  there  may  be  a  circulation  of  pepsin  analogous  to 
the  circulation  of  the  bile,  the  pepsin  being  in  part  reabsorbed,  carried 
to  the  stomach  and  there  picked-  out  and  resecreted.  The  conditions  of 
this  resecretion  are  of  course  much  less  favorable  than  for  the  analogous 
circulation  of  the  bile,  since  before  reaching  the  stomach  the  blood  from 
the  intestine  must  pass  through  many  other  organs,  all  of  which  may  act 
upon  the  pepsin.  How  extensive  and  whether  or  not  there  is  such 
a  circulation  of  the  pepsin  cannot  at  present  be  said  and  the  question 
should  be  investigated.  While  it  is  not  impossible  that  a  larger  propor- 
tion of  the  pepsin  which  is  secreted  in  the  stomach  may  be  reabsorbed 
in  the  intestine  than  is  at  present  believed,  the  probability  is  that  most 
of  the  pepsin  is  destroyed  in  the  intestine  either  by  the  other  digestive 
enzymes  or  by  the  bacteria.  The  whole  question  is  badly  in  need  of 
further  investigation. 

Hydrochloric  acid.  Methods  of  its  quantitative  determination. — 
The  activity  of  the  pepsin  depends  on  the  acidity  of  the  juice.  It 
becomes,  therefore,  important  from  a  clinical  point  of  view  to  determine 
what  the  amount  of  acid  is  in  the  juice  and  whether  it  is  hydrochloric 
or  some  other  acid.  Generally  the  secretions  of  the  hydrochloric  acid  ajid 
the  pepsin  run  closely  parallel  to  each  other,  so  that  if  the  juice  is  weak 
in  pepsin  it  is  also  weak  in  hydrochloric  acid.  In  hyperacidity  there 
is  usually  a  hyperpeptic  activity  also.  There  may,  however,  be  aehlor- 
hydria,  that  is  an  absence  of  hydrochloric  acid,  with  some  peptic  action. 
The  close  parallelism  of  the  secretions  of  these  two  substances  may  mean 
that  they  come  from  the  same  cells  or  are  even  formed  together  in  one 
action.  The  acid  is  generally  lacking  in  carcinoma  of  the  stomach,  and 
this  is  a  fact  of  considerable  diagnostic  importance.  It  is  desirable  to 
have,  therefore,  methods  for  the  easy  and  accurate  determination  of 
the  stomach  acid.  The  examination  is  usually  made  in  the  following 
way: 

In  the  morning  when  no  meal,  or  but  a  light  one,  has  been  eaten  the 
evening  before,  and  the  stomach  has,  therefore,  been  resting  for  12 
hours  and  should  be  empty,  a  test  breakfast  is  eaten  of  either  a  roll  and 
a  cup  of  weak  tea,  or  five  Albert  or  other  crackers  (biscuits)  well  chewed. 
After  45  minutes  the  patient  either  vomits,  or  a  stomach  tube  is  swal- 
lowed and  a  sample  of  the  gastric  juice  is  drawn  for  examination.  It  is 
wise  not  to  be  content  with  a  single  sample,  but  to  examine  the  contents 
on  more  than  one  occasion,  since  the  acidity  of  the  contents  is  not  always 
the  same  and  it  may  happen  that  the  material  withdrawn  has  not  been 
thoroughly  mixed  with  the  juice.    See  page  973  for  further  directions. 

A  few  c.c.  of  the  filtered  juice  is  titrated  with  N/10  NaOH,  using 
phenol-phthalein  as  an  indicator.    This  indicator  is  so  delicate  that  it 
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will  detect  all  acids,  even  very  weak  organic  acids,  and  that  also  which 
is  temporarily  comhined  with  the  protein.  Hence  this  is  the  maximum 
acidity  which  can  be  present.  The  number  of  c.e.  of  N/10  NaOH  neces- 
sary to  neutralize  100  c.c.  of  the  unflltered  contents  is  called  the  total 
acidity. 

If  this  number  turns  out  to  be  normal,  and  human  normal  gastric 
contents  should  be  sufficiently  acid  so  that  100  c.c.  will  require  about 
74  C.C.  to  90  c.c,  or  even  100  c.c.  at  the  end  of  the  digestion  period,  of 
the  N/10  alkali,  the  next  process  is  to  discover  whether  the  acid  is 
hydrochloric  acid  or  not,  or  at  least  to  see  whether  the  hydrochloric 
acid  is  present  in  a  free  state.  This  is  best  determined  by  Giinzberg's 
reagent  or  by  Topfer's.  The  latter  introduced  dimethylamino-azo- 
benzene  as  an  indicator  for  free  hydrochloric  acid,  since  it  only  changes 
color  when  the  concentration  of  hydrogen  ions  is  at  least  NX  10""^.  Any 
organic  acid  occurring  in  the  stomach  would  need  to  be  present  in  very 
high  concentration,  0.5  per  cent,  or  more,  to  produce  this  concentration. 
This  indicator  is  pink  when  acid  and  yellow  when  alkaline.  If  now 
10  c.e.  of  filtered  juice  are  taken  and  a  drop  or  two  of  the  indicator 
solution  added  and  then  titrated  with  N/10  NaOH,  the  result,  if  the 
contents  are  normal,  should  give  a  figure  of  from  40  to  75  c.c,  depending 
on  the  period  at  which  the  juice  is  taken.  It  is  highest  just  before  the 
stomach  is  emptied.  The  Giinzberg  reagent  should  also  be  used  as 
described  on  page  368.  An  accurate  determination  of  the  number  of 
hydrogen  ions  in  the  juice,  and  this  is  the  only  true  test  of  its  actual 
activity  or  avidity,  can  best  be  made  at  the  present  time  by  means  of  the 
gas-chain  method  explained  on  page  540.  This  method  is  too  difficult 
for  clinical  work.  A  substitute  for  it  may  be  found  in  the  indicator 
method  as  shown  on  page  976.  A  bright  green  color  on  the  addition  of 
a  drop  of  gentian  violet  solution  shows  a  H  ion  of  .06 — .1  N  or  above. 
The  actual  acidity  of  the  juice  as  determined  by  this  method  varies 
greatly  in  different  conditions.  In  the  fasting  stomach  Tangl  obtained, 
by  drawing  some  of  the  contents  with  a  sound  10-12  hours  after  the  last 
meal  at  8  a.m.,  from  2-25  c.c.  All  13  samples,  with  one  exception,  were 
acid  to  litmus.  Only  one  was  alkaline.  The  concentration  of  hydrogen 
ions  in  gram  equivalents  per  liter  were:  .035;  .022;  .0001;  .00042 ;12X 
10—^ ;  .085 ;  .013 ;  .029.  The  acidity  of  normal  gastric  contents  should  be 
about  .035.  The  acidity  ran  between  10~^  and  7X10~^  N  hydrogen  ions. 
The  optimum  concentration  of  hydrogen  ions  for  the  digestion  of  pro- 
teins by  pepsin  was  found  by  Sorensen's  gas-chain  method  to  be  0.020- 
0.060  N.  Christiansen  found  the  optimum  for  human  juice  to  be 
020-.033 ;  for  the  pig,  0.052 ;  and  for  the  dog,  0.053  N. 

While  the  direct  determination  of  the  hydrogen  ion  concentration 
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is  thus  too  difficult  for  clinical  use,  except  in  a  well-equipped  laboratory, 
a  very  close  approximation  may  be  made  by  the  use  of  the  Giinzberg 
reagent.  This  reagent  consists  of  a  mixture  of  phloroglucin,  2  grams; 
vanillin,  I  gram;  alcohol,  100  c.c.  The  reagent  should  be  kept  well 
protected  from  the  light.  One  drop  of  the  reagent  is  placed  on  a  white 
porcelain  plate,  or  evaporating  dish,  and  dried  cautiously  over  the  flame, 
or  better  on  the  water  bath.  Then  add  one  drop  of  the  juice  to  be 
tested  to  the  clear  yellow  spot  left  by  the  evaporation  and  warm  again 
carefully.  If  hydrochloric  acid  is  present  in  the  free  state,  a  red  color 
develops  on  heating.  If  it  is  heated  too  much,  it  will  be  brown  and  the 
test  must  be  repeated.  By  diluting  the  gastric  juice  a  limit  will  be  found 
which  just  gives  the  reaction.  This  limit  contains  0.0004  NHCl.  The 
red  color  is  due  to  the  production  of  a  red  crystalline  substance, 
CooHjsOg,  which  is  formed  by  the  union  of  two  molecules  of  phloro- 
glucin, CeHgOs,  and  one  molecule  of  vanillin,  CgHgOg,  with  the  elimina- 
tion of  water.  If  acid  is  tested  in  the  cold  with  this  reagent,  it  will  be 
found  to  react  only  with  NHCl;  weaker  acid  gives  no  color.  A  more 
convenient  method  is  given  on  page  976. 

The  following  table  illustrates  the  findings  of  a  large  number  of 
cases  after  a  test  breakfast  (Ewald's).  The  figures  in  all  except  the 
first  column  represent  the  number  of  c.c.  of  N/10  NaOH  necessary  to 
neutralize  100  c.c.  of  the  gastric  contents  when  the  different  indicators 
are  used.  The  Giinzberg  figures  are  not  determined  by  direct  titration, 
but  in  the  manner  indicated,  i.e.,  by  dilution.  They  express  the  amount 
of  free  hydrochloric  acid  there  is  in  100  c.c.  of  juice.  The  figure  20 
under  Giinzberg  means  that  100  c.c.  of  this  juice  contained  20  c.c.  of 
free  N/10  NCI.  The  juice  was  probably  drawn  about  45  minutes  after 
eating. 


No.  of 
exper. 

^H  by  gas 
chain 

''HCI  com- 
puted from 

'^Hand 

expressed 

as  titration 

number. 

^'hCI  cor- 
rected lor 
dissociation 

Gflnzberg 

T8pfer 

Congo 

Litmns 

Phenol- 
pbthalein 

1. 

.0003 

.033 

.004 

.036 

.004 

.018 

.022, 

,025 

.056 

.040 

.062 

.036 

.0003 

.042 

0 
33 

4 
36 

4 
IS 
22 
25 
56 
40 
62 
36 

0 
42 

0 
34 

4 
38 

4 
19 
23 
26 
5S 
42 
67 
38 

0 
44' 

4 
41 
23 
62 
17 
38 
38 
44 
68 
59 
77 
59 
13 
59 

"60 " ' 

' '  82  ' 
67 
83 
64 
21 
70 

20 

2. 

66 

3. 

47 
85 
33 

4. 

5. 

Trace 
10-15 
15-20 
20-25 
42-48 
40-45 

66 

44 
0 

39 

6. 

52 

7. 
8. 

51 

9. 
10. 
20. 

64 
64 

88 
78 
93 

29. 
32. 
39. 

46 
0 

78 
44 
80 

, 
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It  will  be  seen  from  the  foregoing  table  that  the  free  HCl  as  deter- 
mined by  GUnzberg's  reagent  is  very  close  to  the  actual  concentration 
of  the  hydrogen  ions  as  determined  by  the  gas-chain  method.  Congo  red 
gives  always  much  more  than  the  free  hydrochloric  acid  and  dimethyl- 
amino-azo-benzene  (Topfer)  somewhat  more.  If  the  concentration  of 
the  hydrogen  ions  is  low,  however,  Giinzberg  used  in  this  way  gives  too 
low  results.    Pure,  human  appetite  juice  contains  .12  N  H  ions. 

In  the  case  of  pure  gastric  juice,  when  there  is  no  admixture  of 
stomach  contents,  congo  red  gives  results  more  in  harmony  with  the 
hydrogen  ion  titration.  For  then  there  is  no  admixture  of  food  to  bind 
some  of  the  acid  of  the  gastric  juice.  This  fact  is  showii  in  the  follow- 
ing determinations  of  various  samples  of  gastric  juice  from  a  case  of 
hypersecretion : 


No.  of 
sample 

%  by  gas 
chain 

<JhC1  cor- 
rected for 
dissociation 

Giinzberg 

Congo 
red 

Pbenol- 
phthalein 

1. 

.035 

37 

38 

42 

47 

2. 

.035 

37 

33 

45 

55 

3. 

.037 

39 

43 

54 

62 

4. 

.022 

23 

25 

.30 

38 

5. 

10-' 

0 

0 

0 

4 

6. 

.035 

37 

33 

44 

57 

7. 

.0073 

77 

77 

83 

88 

8. 

.056 

59 

58 

64 

71 

With  pure  gastric  juice  there  is  not  a  very  great  difference  between 
phenol-phthalein  titration  and  that  by  Giinzberg;  in  other  words,  there 
is  very  little  difference  between  the  free  hydrochloric  acid  and  the  total 
acid,  for  in  such  juice  when  it  is  normal  there  is  almost  no  lactic  or 
organic  acid  and  most  of  the  acid  is  free  and  not  bound  to  the  organic 
matter  in  the  juice.  But  as  the  protein  admixture  in  the  juice  increases, 
or  when  by  fermentation  organic  acids  may  be  formed  from  the  carbo- 
hydrates, then  the  difference  between  the  two  titrations  may  be  very 
large.  This  fact  is  brought  out  if  we  compare  the  titrations  of  the 
stomach  contents,  first,  of  the  pure  juice,  then  of  the  contents  after  an 
Ewald  test  breakfast,  which  contains  very  little  protein,  and  then  after 
Bourget's  breakfast  which  has  more  meat  in  it. 
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Titration  Nuaibehs. 

Gfinzberg's  reagent         Congo  paper  Phenolplithalein 

Pure  gastric   juice    25  30  35 

After  Ewald'a  breakfast  ....     25  45  65 

After  Bourget's  breakfast  ...     25  75  125 


How  much  acidity  of  the  juice  may  vary  after  various  meals  and  at 
different  times  is  .shown  by  the  following  figures : 

Sample  drawn                        p  rnmro  Phenol 

Breakfast                     hours  after  Cji  ions          ^HOl  Gflnzberg      ^°^¥°  ^"halein 

eating  *^ 

1.  250  grs.  oatmeal  soup  ..     31/2  .032            34  3fi            64            91 

50  grs.  meat 
4  pieces  white  bread 

2.  250  grs.  oatmeal  soup  . .     2  .008  8  8  41  67 
100  grs.  meat 

4  pieces  Bread 

3.  250  grs.    soup     3  .021  22  13  100  190 

100  grs.  meat 

2  pieces  bread 

4.  250  grs.  soup  2%  .062  67  71  91  117 

100  grs.  meat 

2  pieces  bread 

5.  250  grs.   bouillon    2  .0007  1         —24  30  90 

100  grs.  meat 

2  pieces  bread 


In  the  last  experiment  there  was  no  free  hydrochloric  acid  as  shown 
by  Gunzberg ;  indeed,  to  get  a  positive  Giinzberg  test  it  was  necessary  to 
add  hydrochloric  acid  in  considerable  amounts,  but  nevertheless  there 
was  a  normal  total  acidity  and  a  normal  acidity  to  congo  paper. 

The  following  table  shows  the  number  of  c.c.  of  N/10  NaOH  required 
to  titrate  100  c.c.  of  unfiltered  stomach  contents  after  an  Ewald  test 
breakfast  when  various  indicators  were  used : 


Indicator  c.  c.  N/IO  Na(iH 

Tropaeolin    12  -  19  1 

Methyl  violet 15  -  25  [    ^'"^  P"'"*  'ndeflmte. 

GOnzberg 26 

Boas 25 

Dimethyl-amino-azo-benzene  36  -  38 

Methyl  orange  41-43 

Congo  paper  43 

Alizarin  49-51 

Rosolic  acid 51-53 

Litmus  paper   56 

Phenol-phthalein     65 
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Variation  of  hydrochloric  acid  in  disease. — The  determination  of 
the  secretion  of  hydrochloric  acid  is  of  considerable  importance  in  the 
diagnosis  of  stomach  disease.  Thus  in  cancer  of  the  stomach  particularly, 
but  also  at  times  when  the  cancer  is  in  some  other  part  of  the  body,  there 
is  often  a  great  diminution  of  the  secretion  of  hydrochloric  acid  or  its 
complete  suppression.  On  the  other  hand,  in  ulcer  of  the  stomach  and 
in  particular  when  the  ulcer  is  in  the  pylorus,  or  duodenum,  there  is  gen- 
erally found  hyperacidity.  It  may  happen,  however,  that  when  an  ulcer 
has  a  cancer  grafted  on  it  the  secretion  may  be  normal.  In  various 
neuroses  the  acidity  and  the  pepsin  content  may  be  increased  above  the 
normal.  In  general,  carnivorous  animals  have  a  more  acid  secretion  than 
herbivorous,  and  a  meat  diet  is  supposed  to  increase  the  acidity ;  although 
no  very  convincing  evidence  of  variations  of  acidity  with  diet  has  been 
found. 

Theory  of  titration  of  stomach  contents  by  indicators, — All  the  Indicators 
employed  for  the  titration  of  acids  or  alkalies  are  either  acids  or  bases.  Thus 
phenol-phthalein  and  congo  red  are  acids.  Dimethyl-amino-azo-benzene  is  a  base. 
The  color  change  is  due  probably  to  a  rearrangement  of  the  molecule  to  a  colored 
form,  usually  a  quinonoid,  when  in  the  salt  form.  This  rearrangement  is  probably 
due  to  the  dissociation  of  the  molecule,  the  undissociated  molecule  not  rearranging. 
Since  the  indicators  are  acids  or  bases  of  different  avidities,  that  is  since  they  have 
different  amounts  of  dissociation,  some  are  weaker  than  others.  Accordingly  some 
are  able  to  form  salts  in  sufficient  amounts  to  give  a  perceptible  color  in  the  presence 
of  more  acid  than  are  others  which  are  weaker.  Thus  congo  red  is  a  fairly  strong 
acid  and  is  able  to  take  some  of  the  base  to  itself  and  make  a  colored  salt  in  the 
presence  of  some  free  acid,  whereas  phenol-phthalein  is  so  weak  an  acid  and  its  salts 
dissociate  so  much  hydrolytically  that  it  will  only  give  an  alkaline  reaction,  that 
is  form  enough  salt  to  be  seen,  when  there  is  quite  a  good  deal  of  alkali  present. 
Dimethyl-amino-azo-benzene  is  so  weak  a  base  that  enough  of  the  salt  is  present  to 
give  a  red  color  only  in  the  presence  of  a  strong  acid  The  concentration  of  hydrogen 
ions  at  which  the  various  indicators  change  their  reactions  is  shown  in  the  following 
table  (see  also  page  54G)  : 

Cq  ions,  at  which  the 

indicator  changes. 
(Normal  divided  by  10 
raised  to  the  power  in- 
Indicator  dicated  by  the  following 

fignres.    Oouiro  red 

o 

changes  between  N/10 
and  N/10^  H  ion) 

Tropaeolin   00    1.4-2.6 

Methyl  violet  0.1-3.2 

Dimetliyl-amino-azo-benzene   2.9  -  4.0 

Methyl  orange  3.1  -  4.4 

Congo  red  3     -  5 

Alizarin  ■   5.5-6.8 

Litmus  paper 7 

Neutral  red   6.8-8.0 

Rosolic    acid    6.9-8.0 

Phenol-phthalein   S.3  -  10.0 
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Giinzberg's  reagent. — The  property  of  giving  a  red  color  under  the  conditions 
of  the  Gilnzberg  reaction  is  not  peculiar  to  hydrochloric  acid,  since  sulphuric,  nitric, 
phosphoric  and  boric  acid  give  it  also.  Of  these  acids  phosphoric  and  boric  are 
weak  acids,  boric  being  very  weak.  But  boric  acid  has  the  property  of  uniting  by 
one  of  its  hydroxyls  with  sugar  and  becoming  thereby  a  much  stronger  acid,  and  it 
is  possible  that  phosphoric  acid  has  this  same  power  less  developed,  since  as  the 
existence  of  phytin  shows  it  has  the  property  of  combining  with  the  hydroxyls  of 
aromatic  alcohols  such  as  phloroglucin.  Both  these  acids  probably  unite  with  the 
phloroglucin  to  make  esters  and  their  acidity  is  probably  thereby  much  increased. 
Phosphoric  acid  is,  for  example,  a  much  weaker  acid  than  formic,  which  does  not 
give  the  reaction.  Oxalic,  citric  and  tartaric  acids  give  a  positive  reaction;  succinic, 
propionic,  lactic,  acetic,  butyric,  benzoic,  formic  and  phthalie  are  negative.  No  mono- 
carboxylic  fatty  acid  is  known  which  is  positive,  but  if  there  is  more  than  one 
carboxyl  present  then  it  may  be  positive.  Hydrochloric  acid  N/2500  still  gives  a 
noticeable  reaction.  It  is  clear  that  the  reaction  does  not  depend  upon  the  number 
of  hydrogen  ions  alone.  For  example,  a  mixture  of  glycocoU  and  hydrochloric  acid 
having  a  concentration  of  hydrogen  ions  of  N  x  10-186,  or  roughly  .OIN,  is  just 
positive;  while  free  hydrochloric  acid  N/2500  or  N  x  10-3.4  is  positive.  Christiansen 
concludes  that  the  reaction  depends  on  the  nature  of  the  acid,  and  not  on  the  H  ion 
concentration.  The  probability  is,  however,  that  when  glycocoll  and  hydrochloric 
acid  are  evaporated  more  and  more  of  the  acid  is  bound  as  the  concentration  in- 
creases. Consequently  the  ion  concentration  at  the  end  may  be  far  less  than  that 
indicated  in  the  foregoing  figures.  Giinzberg's  reagent  is  certainly  the  most  useful 
indicator  for  the  determination  of  the  free  hydrochloric  acid. 

Origin  of  the  hydrochloric  acid. — ^What  is  the  origin  of  this  hydro- 
chloric acid?  How  shall  we  picture  the  processes  by  which  this  acid 
in  a  concentration  fatal  to  all  animal  cells,  if  once  it  enters  them,  is 
secreted  by  living  matter  from  an  alkaline  fluid  like  the  blood?  In  what 
part  of  the  stomach  is  it  formed  and  by  what  glands  or  cells?  These 
are  questions  which  are  not  yet  solved.  The  problem  is  a  difficult  one. 
The  acid,  unlike  pepsinogen,  is  not  stored  in  the  cells  of  the  stomach 
mucosa,  for  the  aqueous  extract  of  the  mucosa  is  neutral,  not  acid,  in 
reaction,  and  the  mucosa  contains  only  a  small  amount  of  chlorine, 
although  two  or  three  times  as  much  as  most  of  the  other  tissues  of  the 
body.  Not  only  is  the  hydrochloric  acid  not  stored,  but  neither  are  the 
chlorides  stored  or  an  organic  chlorine  compound,  except  in  small 
amounts.  The  per  cent,  of  chlorine  in  different  tissues  computed  on  the 
wet  weight  was  found  as  follows  by  Nencki  and  Sehumova-Simonowski : 

Panniculus  adiposus  .....    0.076 

Stomach  mucosa   0.093 

Liver    0.026 

Bone  marrow  0.034 

Muscle 0.033 

Kidney  fat   0.032 

Bones     0.033 

Intestinal  mucosa 0.040 
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The  chlorine  content  of  the  mucosa  is,  therefore,  somewhat  greater 
than  that  of  other  tissues.  But,  owing  to  the  small  weight  of  the  mucosa, 
the  amount  of  chlorine  stored  is  but  a  very  small  fraction  of  that 
excreted. 

The  hydrochloric  acid  is  secreted  chiefly  by  the  fundus  end  of  the 
stomach.     The  pyloric  secretion  is  certainly  less  acid  than  the  fundus 
secretion.    It  is  found,  too,  that  the  fundus  mucosa  has  a  little  more 
chlorine  in  it  than  the  pyloric  mucosa. 
Cl  Content  op  Fundtjs  and  Pylobio  Mucosa.    In  Feb  Cent,  of  the  Dbt  Weight. 


stomach  Contents 

Per  cent,  chlorine  in  dry  weight  of  i  if  sue 

Animal 

Fnndus 

Pylorns 

Difference 

Sis 
Pig 

Dog 
Dog 

Sis 
Pig 

0.87 
0.62 
0.72 
0.75 
0.59 
0.60 
0.83 

0.67 
0.59 
0.68 
0.44 
0.50 
0.50 
0.62 

0.20 

Strongly  acid 

Empiy.    Weak  acid  . . 
Strongly  acid   

Empty.     Weak  acid  . . 

0.03 
0.04 
0.31 
0.09 
0.10 
0.21 

The  fundus  has,  then,  more  chlorine  than  the  pylorus.  The  water  con- 
tent is  about  85  per  cent,  in  each. 

The  attempt  was  made  by  Heidenhain  to  determine  whether  the  acid 
was  formed  in  the  pyloric  or  fundus  part  of  the  stomach  by  making 
a  pouch  of  a  portion  of  the  stomach  in  each  region.  He  found  that  the 
pouch  at  the  fundus  end  was  weakly  acid  and  that  at  the  pyloric  end 
was  alkaline.  This  experiment,  however,  is  open  to  the  criticism  that 
the  nerves  were  cut  and  the  secretion  consequently  not  normal.  The 
pouch  made  by  the  Pawlow  method  takes  in  more  of  the  fundus  part  of 
the  stomach  and  it  always  secretes  a  strongly  acid  secretion.  There  is 
no  doubt,  therefore,  that  the  secretion  of  this  part  of  the  stomach  is  cer- 
tainly acid.  Since  in  the  mammalian  stomach  there  is  a  marked  differ- 
ence between  the  character  of  the  cells  in  the  glands  of  the  two  regions, 
in  that  the  so-called  delomorphic,  or  parietal,  or  oxyntic  cells  are  found 
in  lihe  glands  of  the  fundus  part  of  the  stomach  but  not  in  the  pyloric 
portion,  the  conclusion  was  drawn  that  the  acid  was  secreted  by  these 
cells  and  they  were  named  oxyntic  (meaning  '  acid  ')  cells  in  conse- 
quence. Many  attempts  have  been  made  to  discover  some  direct  evi- 
dence that  these  cells  secrete  the  acid,  but  the  final  result  of  such  attempts 
has  been  to  show  beyond  doubt  that  they  do  not  secrete  acid,  but  have  an 
alkaline  secretion. 

Claude  Bernard  was  one  of  the  first  who  attempted  to  get  some 
direct  evidence  of  the  place  of  formation  of  the  hydrochloric  acid.    He 
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injected  into  one  vein  of  a  dog  potassium  ferrocyanide  and  into  another 
the  lactate  of  iron.  When  these  two  reagents  are  brought  together 
outside  of  the  body,  it  is  only  in  the  presence  of  acid  that  they  react  to 
make  a  blue  precipitate  of  Prussian  blue.  On  killing  animals  after 
such  an  injection,  he  found  the  blue  color  only  in  the  lumen  of  the 
stomach,  and  in  the  necks  of  the  glands,  but  not  in  the  mucous  mem- 
brane. He  concluded  that  the  mucosa  was  alkaline  in  reaction  and  that 
the  acid  was  formed  only  after  excretion.  Poster  suggested  that  it  was 
formed  as  an  organic  compound  which  after  secretion  decomposed,  set- 
ting free  the  acid.  All  attempts  to  show  the  existence  of  such  a  com- 
pound in  the  mucosa  have  so  far  been  fruitless.  Fitzgerald  recently 
repeated  the  work  of  Bernard,  with  the  result  that  she  found  some  of 
the  parietal  cells  stained  blue  by  the  Prussian  blue,  but  in  general  the 
color  was  in  the  lumen  of  the  neck  of  the  gland  and  in  the  stomach  itself. 
Her  results  were  interpreted  to  mean  that  the  secretion  of  the  parietal 
cells  was  acid.  It  has  recently  been  shown  by  Harvey  and  Bensley  that 
these  conclusions  are  incorrect.  A  few  of  the  parietal  cells  may  take 
the  stain,  but  the  vast  majority  do  not.  Moreover,  cells  of  the  liver, 
and  other  tissues,  may  also  stain  and  the  blue  deposit  may  be  found  in 
the  lymph  and  blood  where  there  is  no  possibility  of  the  fonnation  of 
acid.  It  is,  therefore,  clear  that  this  method  gives  no  reliable  indica- 
tions of  the  reaction  of  a  cell  or  a  tissue. 

Macallum  attempted  to  follow  the  matter  further  by  means  of  a 
study  of  the  distribution  of  the  chlorine  in  the  cells.  By  precipitating 
the  chlorides  with  a  solution  of  silver  nitrate  in  dilute  nitric  acid  and 
then  reducing  the  silver  chloride  by  exposing  the  section  to  the  light, 
he  was  able  to  detect  the  presence  of  chlorine  in  cells.  This  method  is 
open  to  the  serious  objection  that  perhaps  other  substances  than  chloride 
may  fix  the  silver.  Nevertheless,  the  method  is  better  than  none  at 
all  and  enables  a  study  of  the  silver-fixing  elements  of  the  cells.  He 
found  that  both  parietal  and  chief  cells  gave  a  strong  reaction  for 
chlorides,  but  that  the  parietal  cells  had  the  stronger  reaction  and  he 
interpreted  this  finding  as  favorable  to  the  view  that  the  parietal  cells 
secreted  the  acid.  A  repetition  of  this  work  by  Lopez-Suarez  gave  the 
contrary  result,  that  there  was  more  chlorine  in  the  chief  cells  and  that 
the  parietal  cells  were  practically  free  from  chlorine.  That  the  acid 
is  not  formed  by  the  parietal  cells,  but  only  in  the  neck  of  the  gland 
and  possibly  in  the  lumen  itself,  is  shown  by  the  work  of  "Harvey  and 
Bensley.  They  found  that  cyanamine.  which  is  blue  when  acid  and  red 
when  alkaline,  stains  the  secretion  of  the  parietal  cells  an  intense  red 
in  the  living  state.  The  secretion  of  these  cells  is  not  HCl,  but  it  is 
full  of  organic  matter.  The  secretion  of  the  whole  of  a  fundus  gland  is 
slightly  alkaline  or  neulral  until  the  foveola  is  reached.    The  gland  con- 


DrOESTION   IN  THE  STOMACH  375 

tents  in  the  foveola  stain  a  blue  color,  indicating  acid.  Prom  these 
observations  it  may  be  concluded  that  the  acid  is  not  secreted  by  the 
cells  of  the  stomach  at  all,  but  is  probably  formed  in  the  fovea  by  the 
reabsorption  of  some  basic  constituent,  leaving  the  acid  outside. 

We  may  perhaps  picture  the  formation  of  the  acid  of  the  gastric 
juice  as  follows:  It  is  not  formed  in  the  cells,  but  in  the  cavity  of  the 
stomach  and  in  the  fovea  of  the  glands.  The  cells  lining  the  mucous 
membrane  are  non-permeable  to  it.  It  is  possible  that  the  chlorine  is 
secreted  as  ammonium  chloride,  or  the  chloride  of  some  other  weak 
base.  It  might  also  be  secreted  as  an  ester.  When  in  the  cavity  of  the 
stomach,  perhaps  as  it  passes  along  the  lumen  of  the  gland,  or  at  any 
rate  in  the  neck  of  the  gland,  a  hydrolytic  or  other  dissociation  takes 
place,  setting  free  hydrochloric  acid. 

NH  Cl  +  H  Q-;— '.  NH  OH  +  HCl 

4  '         2  4  ' 

Absorbed. 
Either  by  some  kind  of  selective  absorption  or  adsorption  the  NH^OH  is 
removed  by  the  cells  of  the  neck  of  the  gland,  leaving  the  HCI  behind. 
Such  processes  of  an  unknown  nature,  called  selective  adsorption,  are 
believed  to  occur;  but  to  fall  back  on  this  terminology  here  is  in  the 
nature  of  a  subterfuge,  since  it  simply  puts  the  mystery  under  a  new 
name.  Possibly  by  a  chemical  reaction  the  ammonia  is  absorbed  and 
converted  into  uramido  compounds  or  carbamic  compounds  in  the  cell, 
keeping  the  pressure  of  the  ammonia  ion  in  the  cell  nearly  zero.  In 
every  solution  of  NH4CI  there  are  NH^  and  OH  ions,  and  it  is  known  that 
undissociated  NH^OH  or  NH3  penetrates  cells  readily. 

It  may  be  urged  in  favor  of  this  hypothesis  that  it  is  supported  by 
all  the  direct  evidence  which  we  have.  A  similar  formation  of  hydro- 
chloric acid  in  just  this  manner  occurs  elsewhere  in  nature.  Thus  if 
the  mould,  penieillium,  is  grown  in  a  medium  containing  ammonium 
chloride  it  absorbs  the  ammonia,  leaving  the  hydrochloric  acid  outside. 
This  is  just  the  mechanism  supposed  in  the  foregoing  theory  for  the 
stomach.  Furthermore,  the  mucosa  of  the  stomach  contains  more 
ammonia  than  any  other  tissue  of  the  body.  There  are,  for  example, 
40-52  mgs.  in  a  hundred  grams  of  stomach  mucosa;  whereas  arterial 
blood  contains  about  1  mg.  per  100  grams.  The  theory  accounts,  too, 
for  the  fact  that  the  most  acid  juice  is  found  in  carnivora  and  in 
omnivora  on  a  protein  diet,  a  diet  which  by  the  deaminization  of  amino- 
acids  sets  free  large  amounts  of  ammonia.  The  theory  has,  theerfore, 
much  in  its  favor.  The  only  great  difficulty  is  the  small  degree  of 
hydrolysis  of  ammonium  chloride.  The  theory  needs  further  confirma- 
tion before  it  can  be  wholly  satisfactory.  The  fact  that  the  mucous 
membrane  or  the  cells  of  the  mucosa,  as  long  as  they  are  alive  and  in 
good  condition,  have  a  resistance  to  the  entrance  of  the  acid  cannot  be 
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doubted,  since  otherwise  the  acid  would  be  neutralized  by  reabsorption. 
This  impermeability  is,  however,  of  a  very  limited  kind,  and  if  the  cell 
is  weakened  by  disease  or  by  partial  occlusion  of  the  arteries,  or  by 
great  anemia,  its  resistance  may  be  so  lowered  that  the  acid  penetrates 
and  digestion  of  the  stomach  wall  begins.  Particularly  hyperacidity 
is  dangerous,  because  the  limit  of  resistance  of  the  cells  may  be  sur- 
passed. The  absorption  of  the  base  leaving  the  acid  may  be  something 
similar  to  the  precipitation  of  an  alkaloid  by  Lloyd's  reagent  (hydro- 
silicate  of  alumina).  This  reagent  if  added  to  a  solution  of  strychnine 
sulphate  or  other  alkaloidal  salt  precipitates  with  itself  the  alkaloid 
leaving  the  acid  in  solution. 

There  have  been  two  or  three  other  suggestions  of  the  nature  of  the 
process  of  the  secretion  of  the  acid  which  should  be  noted,  although  they 
are  probably  incorrect.  The  first  is  that  of  Maly,  according  to  which 
by  a  double  decomposition  of  the  acid  carbonates  and  alkaline  phos- 
phates and  the  chlorides  some  hydrochloric  acid  is  formed  in  the  cells 
of  the  stomach  and  the  acid  is  then,  in  some  unknown  way,  discharged 
in  one  direction  and  the  alkali  in  the  other.  This  seems  highly  improb- 
able. In  the  first  place,  there  is  no  evidence  that  acid  is  formed  in  the 
cells.  In  the  second  place,  the  amount  of  free  acid  thus  formed  would 
be  extremely  small,  because  the  avidity  of  hydrochloric  acid  is  so  much 
greater  than  the  very  weak  carbonic  acid.  Hydrochloric  acid  being 
stronger  would  take  the  sodium  from  the  carbonate,  not  the  other  way 
around.  In  the  third  place,  it  explains  one  miracle  by  supposing  a 
greater  one  in  the  separation  of  the  free  acid  from  an  alkaline  cell. 
Koppe  has  also  made  a  suggestion  that  the  hydrogen  ions  of  the  blood 
wander  through  the  membrane  and  are  exchanged  for  sodium  ions 
which  come  in.  The  membrane  is  supposed  to  be  non-permeable  for 
negative  ions  like  chlorine.  The  difficulty  here  is  also  to  understand 
how  such  a  membrane  could  be  constructed,  and  the  extremely  small 
numbers  .of  hydrogen  ions  in  the  blood.  To  get  the  acidity  of  the  gastric 
juice  as  fast  as  it  is  secreted  would  be  impossible.  The  explanation  has 
the  one  merit  of  making  the  place  of  formation  in  the  interior  of 
the  stomach  rather  than  in  the  cells  thereof.  Otherwise  it  is  no  ad- 
vance. As  a  matter  of  fact,  the  juice  is  secreted  from  the  glands 
with  full  acidity  and  even  in  the  absence  of  sodium  chloride  in  the 
stomach. 

One  of  the  results  of  this  acid  secretion  in  the  stomach  is  to  render 
the  whole  blood  and  tissues  of  the  body  more  alkaline,  and  this  pro- 
foundly affects  their  metabolism.  The  sodium  of  the  sodium  chloride 
which  has  undergone  decomposition  finds  its  way  into  the  blood  as  the 
alkaline  phosphate  or  carbonate.  The  urine  may  even  become  alkaline 
during  the  eating  of  a  meal  and  always  its  acidity  is  reduced.    The 
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change  of  alkalinity  of  the  tissues  increases  the  oxidation  of  the  tissues 
and  is  responsible  in  part  for  the  increased  metabolism  and  heat  pro- 
duction during  digestion,  observed  by  Lavoisier.  It  may  very  easily 
be  a  factor  in  the  feeling  of  well-being  following  eating.  Its  impor- 
tance for  the  body  as  a  whole  is  generally  overlooked. 

Rennin  and  its  action. — Gastric  juice,  or  the  aqueous  infusion  of  the 
calf's  stomach  or  of  any  other  suckling  mammal,  clots  milk.  The  essen- 
tial fact  in  this  clotting  is  that  a  soluble  protein,  casein  (caseinogen,  as 
the  English  call  it),  is  transformed  to  an  insoluble  form  called  paracasein 
(English  casein).  The  paracasein  is  so  concentrated  that  it  does  not 
flock  out  of  the  solution  as  insoluble  precipitates  generally  do,  but  it 
remains  distributed  all  through  the  milk,  and  the  water,  with  the  fat,  is 
held  or  entangled  between  the  particles  of  paracasein  so  that  a  gel  is 
formed.  The  substance  in  the  gastric  juice  which  causes  this  change  in 
the  casein  is  the  rennin,  or  chymosin.  If  a  little  sodium  oxalate  or  any 
other  substance  which  precipitates  calcium  be  added  to  milk,  the  milk 
will  not  clot  on  the  subsequent  addition  of  rennin.  Calcium  as  well 
as  rennin  is,  therefore,  necessary  to  the  clotting  of  milk.  If  after  the 
addition  of  the  oxalate  and  the  rennin  one  waits  for  about  half  an  hour 
or  even  a  shorter  period  and  then  boils  the  milk  so  as  to  kill  the  rennin, 
the  milk  is  still  fluid,  but  if  one  now  adds  calcium  chloride  or  some 
other  calcium  salt  to  the  milk  so  that  there  is  more  than  enough  to  com- 
bine with  the  oxalate,  then  clotting  comes  on  at  once.  Prom  this  experi- 
ment it  is  clear'  that  although  in  the  absence  of  calcium  no  clotting  has 
taken  place,  yet  the  rennin  must  nevertheless  have  acted  on  the  casein 
arCd  changed  it  so  that,  even  in  the  absence  of  rennin,  as  soon  as  calcium 
is  added  the  milk  clots.  Hammarsten  found,  also,  that  when  milk  clots 
and  the  whey  or  fluid  portion  is  separated  from  the  clot,  a  new  protein, 
an  albumose  called  whey  aliumose,  appears  in  the  whey.  When  milk 
clots,  therefore,  casein  disappears  and  two  new  proteins  appear,  whey 
albumose  and  paracasein,  the  latter  of  which  is  found  as  a  calcium 
compound  in  the  clot ;  the  former  in  the  whey.  Since  a  pure  casein  solu- 
tion acts  ill  the  same  manner,  we  may  recapitulate  all  of  these  facts  in 
the  following  explanation:  Rennin  splits  casein  into  whey  albumose  (?) 
and  paracasein,  the  paracasein  thus  formed  is  much  less  soluble  than 
the  casein  as  is  shown  by  the  fact  that  it  is  much  more  easily  precipi- 
tated by  acids,  and  its  colloidal  particles  are  of  larger  size.  The  para- 
casein forms  with  calcium  an  insoluble  calcium  salt,  calcium  paracasein- 
ate,  and  this  precipitate  clots  the  milk.  The  molecular  weight  of  casein, 
according  to  Van  Slyke,  is  about  8,500,  that  of  paracasein  about  4,500. 
He  believes  that  rennin  splits  casein  into  two  molecules  of  paracasein. 

The  action  of  rennin  appears,  therefore,  to  be  nothing  more  than 
the  early  stages  of  digestion  or  hydrolysis  of  the  casein  molecule.    Casein 
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clots  when  digested,  for  the  reason  that  one  of  the  early  meta-protein 
hydrolytie  products  forms  with  calcium  an  insoluble  compound.  The 
action  of  rennin  thus  appears  to  be  simply  the  action  of  a  proteolytic 
ferment,  and  it  is  an  interesting  fact  that  all  proteolytic  enzymes  appear 
to  act  similarly,  although  they  differ  considerably  in  their  power.  Thu<! 
not  only  does  the  gastric  juice  clot  milk,  but  so  will  pancreatic  juice, 
the  juice  of  the  intestine,  the  juice  of  the  pineapple,  of  the  cocoanut,  the 
secretions  of  many  bacteria  and  the  extracts  of  some  crucif erse.  In  fact, 
wherever  in  nature  one  finds  a  proteolytic  enzyme  there  one  finds  also 
a  milk-clotting  enzyme.  It  may  be  concluded  from  this  either  that 
the  enzyme,  rennin,  is  very  widespread  in  nature,  constantly  accom- 
panying proteolytic  enzymes;  or  that  the  clotting  of  casein  solutions  is 
an  indirect  result  of  the  proteolytic  cleavage  of  the  molecules  of  casein. 
The  latter  conclusion  seems  the  more  probable. 

The  foregoing  conclusion  does  not  mean,  however,  that  rennin  and 
pepsin  are  identical.  This  is  a  matter  in  dispute  at  the  present  time 
and  a  brief  examination  of  the  facts  in  the  case  will  be  worth  while. 

If  it  were  possible  to  obtain  a  solution  which  had  peptic  but  no 
clotting  action,  or  vice  versa,  it  might  be  inferred  that  the  two  sub- 
stances were  different.  Hammarsten  found  that  it  is  indeed  possible  to 
prepare  solutions  which  have  one  but  not  the  other  action.  By  heating 
pepsin  solutions  for  several  hours  at  40°  C.  they  lose  their  rennin  but 
not  their  pepsin  action;  if  precipitated  by  lead  acetate  or  magnesium 
carbonate,  pepsin  is  completely  precipitated,  but  a  part  at  least  of  the 
rennin  still  remains  in  the  solution.  The  most  striking  fact  indicative 
of  a  difference  between  these  two  ferments  is  that  peptic  digestion  takes 
place  only  in  acid  solution,  whereas  rennin  coagulation  wiU  occur  in 
neutral  or  amphoteric  solution.  These  facts  all  look  as  if  the  ferments 
were  two  different  substances.  There  is  no  doubt,  however,  that  pepsin 
has  a  coagulating  action  on  milk.  Thus  Hammarsten  tried  the  following 
experiment :  A  pepsin  solution,  which  had  been  heated  48  hours  at  40°  C. 
to  make  its  rennin  action  very  weak,  after  neutralization  coagulated 
milk  only  after  6  hours  and  10  minutes  when  added  in  the  proportion 
of  1:5.  By  the  addition  of  HCl  the  neutral  solution  was  brought  to 
an  acidity  of  .1  per  cent.  HCl  and  it  coagulated  now  in  12  minutes.  A 
control  showed  that  this  coagulation  was  not  due  to  the  acid.  Another 
solution  of  rennin,  which  according  to  Hammarsten  was  pepsin-free, 
was  diluted  with  water  so  that  it  coagulated  milk  only  after  45  minutes ; 
it  was  then  made  acid  to  .1  per  cent.  HCl  and  it  coagulated  after  20 
minutes.  The  addition  of  acid,  therefore,  accelerated  the  action  of  the 
solution  which  contained  much  pepsin  but  little  rennin  far  more  than 
it  did  the  solution  containing  rennin  but  no  pepsin.  The  clotting  in  the 
first  juice  must,  therefore,  have  been  due  to  the  pepsin. 
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Experiments  similar  to  these  have  been  carried  out  by  Schmidt- 
Nielssen.  He  heated  an  acid  extract  of  calves'  mucosa  so  long  at  40°  C. 
that  on  neutralizing  it  with  n/10  NaOH  the  neutral  fluid  added  to 
milk  in  the  proportion  of  1 :5  coagulated  the  milk  only  after  4-6  hours 
at  38°.  This  solution  he  called  A.  Another  portion  of  the  same  extract 
was  not  heated,  but  was  diluted  with  water  and  neutralized  with 
n/10  NaOH  until  it  had  a  rennin  action  approximately  equal  to  solu- 
tion A.  These  two  solutions,  A  and  B,  when  neutral  had,  then,  the  same 
coagulating  action  and  presumably  had  the  same  content  of  rennin.  If 
now  there  is  only  one  ferment  in  the  juice,  then  if  acid  is  added  to 
each  of  these  solutions  they  ought  to  be  affected  to  the  same  degree  and 
they  should  have  the  same  action  on  milk  and  fibrin.  The  results  were 
as  follows : 

Solution  A.    Warmed.  Solution  B.    Not  warmed. 

Time  for  coagulation  Time  for  coagulation. 

1.  Neutral    milk    370  minutes  355  mir.utea 

Acid  milk    3         "  215 

Fibrin   digestion    3  hours  80  hours 

2.  Neutral    milk     420  minutes  360  minutes 

Acid  milk    18        "  250 

Fibrin   digestion    3-4  hours  80  hours. 

It  is  clear  from  these  experiments  that,  although  solution  B  had  a 
little  stronger  action  in  the  neutral  solution  and  so  presumably  con- 
tained more  rennin,  yet  the  addition  of  acid  affected  the  two  solutions 
to  very  different  degrees,  A  being  enormously  accelerated  by  the  acid 
both  in  its  coagulative  and  in  its  digestive  power;  whereas  B  was  only 
slightly  accelerated  by  the  acid  and' had  a  very  weak  digestive  power. 
The  heating  must  have  destroyed  most  of  the  rennin  (or  changed  it  to 
pepsin)  and  the  coagulation  in  the  acid  solution  must  hence  be  due  in 
chief  measure  to  the  pepsin,  which  is  thus  shown  to  have  a  clotting 
action.  It  has  this  clotting  action  only  in  an  acid  medium.  There  seems 
to  be  no  escape  from  Schmidt-Nielssen's  conclusion  that  the  two  fer- 
ments are  not  identical,  or  as  he  says,  "  that  enzyme  which  coagulates 
neutral  milk,  ehymosin,  cannot  be  identical  with  pepsin." 

A  difference  between  the  ferments  is  also  shown  by  the  time  law 
of  the  coagulation.  Thus  for  rennin  in  neutral  solution  the  product 
of  the  time  of  coagulation  by  the  ferment  concentration  is  a  constant; 
if  one  adds  half  the  quantity  of  rennin,  the  time  of  coagulation  is 
double,  or  Cj  t=:K.  C  ,  is  the  concentration  of  the  ferment.  Schmidt- 
Nielssen  found  that  the  coagulation  time  in  acid  milk  did  not  follow 
this  simple  proportionality  law,  as  may  be  seen  in  the  following 
experiment : 


Milk  containing 
4  per  cent.  HCl. 

Infusion 
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C'oog.  time- 
minutes 

CfT 

10  c.e. 
10  c.e. 
10  c.e. 

2 

1 
.5 

0 
I 
1.5 

1 
.3 
.25 

9.5 
35 
300 

9.5 

17.5 
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An  experiment  showing  the  effect  of  acid  in  accelerating  the  clotting 
action  of  the  pepsin-rich,  rennin-poor  solution  is  the  following : 


HCl  In  milk-enzyme  mixture— 

Coagulation  time- 

per  cent. 

minutes 

0.42 

3.5 

0.25 

10 

0.17 

42 

0.08 

280 

0.00 

Not  determined 

Other  points  of  difference  between  the  enzymes  have  been  pointed 
out  by  Bang.  Further  evidence  that  there  are  at  least  two  different 
enzymes  is  the  fact  that  the  infusion  of  calf's  stomach  has  a  powerful 
clotting  action,  but  a  weak  digestive  action  on  egg  white;  whereas  the 
infusion  of  the  pig's  stomach  has  a  powerful  digestive  but  a  weaker 
clotting  action. 

This  view  of  the  difference  of  the  two  enzymes  does  not  stand  unop- 
posed. Pawlow  and  his  pupils  have  established  many  facts  which  they 
have  interpreted  to  mean  that  the  two  ferments  are  the  same.  Pawlow 
at  first  calls  attention  to  the  fact,  so  extremely  significant,  that  one 
always  finds  a  clotting  action  wherever  one  finds  a  proteolytic  enzyme. 
This  is  true  even  in  the  case  of  plant  enzymes  which  could  never  have 
been  elaborated  to  act  upon  milk.  This,  he  maintains,  shows  that  all 
proteolytic  enzymes  coagulate  milk  and,  vice  versa,  the  coagulation  of 
milk  is  caused  by  a  proteolytic  enzyme,  a  conclusion  which  has  been 
supported  by  the  discovery  of  the  character  of  the  change  in  the  casein 
accompanying  clotting.  They  were  unable  to  prepare  rennin  solutions 
which  were  free  from  proteolytic  power  and  pepsin  solutions  which 
were  free  from  a  rennin  action.  Pawlow  and  Parastchuk  experimented 
with  gastric  juice  of  an  adult  dog  obtained  by  sham  feeding.  They 
found  that  bread  juice  has  a  stronger  milk-clotting  action  as  well  as  a 
stronger  proteolytic  action.  One  of  their  experiments  consisted  in  taking 
three  samples  of  juice:  1,  milk  juice;  2,  meat;  and,  3,  bread  juice. 
These  at  the  start  had  very  different  proteolytic  actions.  By  dilution 
they  were  made  of  equal  pepsin  content  and  then  they  were  tested  to 
see  whethei-  iliey  were  now  equal  in  clotting  power.  The  experiment  was 
as  follouis; 
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It  will  be  noticed  that  the  bread  juice  coagulates  in  the  shortest  time 
and  is  the  most  powerful  digestant,  and  the  milk  juice  is  the  weakest. 
To  show  that  when  they  have  the  same  peptic  content  the  coagulation 
time  is  the  same,  a  sample  of  each  kind  of  juice  was  taken  and  the 
amount  of  pepsin  made  the  same  in  each  by  dilution,  according  to  the 
law  of  Schiitz  and  Borissow  by  which  the  amount  of  pepsin  is  propor- 
tional to  the  square  of  the  egg  albumin  digested  in  a  Mett's  tube.  At 
the  start  the  bread  juice  digested  5.8  mm.,  the  meat  2.8  and  the  milk 
2.0  mm.  of  egg  albumin  in  the  same  time.  The  pepsin  in  these  samples 
was  then  in  the  proportion  of  the  squares,  or  33.64 :7.84 :4.0.  By  dilution 
with  acid  they  were  made  equal  in  pepsin  and  acid.  Equal  amounts 
of  the  juices  then  coagulated  milk  respectively  in  190  minutes,  190 
minutes  and  195  minutes.  It  will  be  observed  that  this  is  in  an  acid 
solution.  It  was  found,  also,  that  when  the  juice  was  kept  in  a  thermo- 
stat it  lost  both  actions  at  the  same  rate  and  both  disappeared  at  the 
same  time.  Moreover,  on  heating  five  minutes  at  varying  temperatures 
from  15°  to  62°,  the  coagulation  power  and  the  pepsin  action  fell 
together,  and  bpth  disappeared  at  the  same  temperature,  namely  with 
five  minutes'  heating  at  62°  C. 

Although  these  experiments  were  interpreted  by  their  authors  as 
being  in  opposition  to  those  of  Hammarsten,  they  are  in  reality  not  so. 
Hammarsten's  work  was  done  on  the  neutral  infusions  of  calf's  stomach 
and  the  clotting  of  neutral  milk  was  studied.  What  Pawlow  and 
Parastchuk  have  really  shown  is  that  in  dog's  gastric  juice  pepsin  has 
a  rennin  action;  and,  probably,  that  in  the  stomach  of  an  adult  dog 
gastric  juice  contains  no  specific  rennin  enzyme,  the  rennin  effect  being 
due  to  pepsin. 

The  experiments  prove  that  in  the  stomachs  of  calves  there  is  present 
in  addition  to  pepsin  an  enzyme  which  will  clot  milk  in  neutral  solution, 
and  this  enzyme  was  the  one  originally  called  rennin  or  chymosin. 

The  conclusion  seems  justified  that  the  coagulation  of  milk  is  not 
a  specific  function  of  any  single  enzyme,  but  that  it  is  a  general  prop- 
erty of  all  proteolytic  ferments.  The  clotting  is  due  to  the  fact  that 
one  of  the  first  products  of  the  decomposition  of  the  casein  forms  an 
insoluble  calcium  compound  which  sets  or  gels.  In  the  mucosa  of  the 
stomach  there  may  be,  and  no  doubt  are,  more  than  one  proteolytic 
enzyme.  There  can  hardly  be  a  doubt  that  the  mucosa  of  the  stomach 
does  produce  different  proteolytic  enzymes  in  different  portions  of  the 
stomach.  The  fundus  glands  produce  pepsin,  that  is  an  enzyme  active 
only  in  an  acid  medium  and  easily  destroyed  by  slight  alkalinity.  The 
pyloric  extract,  on  the  other  hand,  is  known  to  furnish  an  extract  which 
is  active  not  only  in  an  acid  medium  but  also  in  a  neutral  medium.  It 
must,  therefore,  contain  proteolytic  enzymes  more  allied  to  trypsin  and 
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erepsin.  It  is  not  strange,  therefore,  that  more  than  a  single  proteolytic 
enzyme  should  exist  in  the  gastric  juice  and  be  present  in  varying  pro- 
portions at  different  ages.  It  has  been  observed,  indeed,  that  in  the 
course  of  development  ereptic  enzymes  which  act  on  certain  native  pro- 
teins and  albumoses  appear  in  the  tissues  before  pepsin,  which  is  the 
specific  enzyme  of  the  stomach.  A  /?-albumosease  (erepsin)  has  bee?) 
found  in  gastric  juice. 

The  facts  clearly  indicate  that  the  coagulation  of  milk  in  a  neutral 
solution,  a  power  particularly  developed  in  the  stomachs  of  suckling 
animals  such  as  the  calf,  is  due  to  a  particular  proteolytic  enzyme  of 
the  ereptic  type  active  in  neutral  or  very  faintly  acid  solution.  This 
particular  ereptic  ferment  is  rennin  (chymosin).  But  in  the  adull 
stomach,  particularly  of  carnivora,  the  amount  of  this  enzyme  is  greatly 
reduced,  or  it  may  be  absent,  and  the  clotting  of  acid  milk  by  the  gastric 
juice  of  these  animals  is  a  result  chiefly  or  entirely  of  the  activity  of 
pepsin.  The  clotting  of  milk  is,  then,  no  test  for  the  presence  of  a 
specific  ferment  for  casein,  and,  since  other  ferments  than  pepsin  clot 
milk,  the  use  of  the  time  of  clotting  as  a  test  for  pepsin  in  gastric  con- 
tents is  entirely  unwarranted.  It  is  extremely  significant  in  this  con- 
nection that  erepsin  and  ereptic  ferments,  although  they  do  not  nor- 
mally digest  native  proteins,  but  only  albumoses,  do  attack  and  digest 
casein,  and  that  casein  is  one  of  the  most  unstable  and  easily  hydrolyzed 
proteins  known. 

The  question  may  be  asked  whether  anything  is  gained  by  having 
in  the  stomachs  of  the  new-born  an  enzyme  which  will  clot  and  digest 
milk  in  a  neutral  or  very  faintly  acid  medium.  The  answer  to  this 
question  is  not  difficult,  for  the  advantages  are  obvious.  The  mucous 
membrane  of  a  child's  stomach  is  extremely  delicate;  it  is  very  thin 
and  so  sensitive  that  it  cannot  bear  even  the  firm  clot  of  cow's  milk. 
It  cannot  stand  much  acid.  Milk  is  a  liquid  and  liquids  normally  pass 
quickly  through  the  stomach  into  the  intestine.  By  having  a  proteolsrtic 
enzyme  acting  in  a  neutral  or  amphoteric  medium  on  casein  the  milk  is 
clotted  in  the  stomach,  even  when  the  secretion  is  only  faintly  acid.  The 
fluid  portions  are  passed  on,  but  the  curds  are  held  for  digestion  by  the 
rennin  and,  as  acidity  develops,  by  the  pepsin  also. 

Salivary  and  intestinal  digestion  in  the  stomach. — The  food  while 
in  the  stomach  is  acted  upon  not  only  by  the  juices  secreted  by  this  organ. 
Saliva  swallowed  with  the  food  continues  to  act ;  and  there  is,  at  times, 
a  regurgitation  of  digestive  juices  from  the  intestine  so  extensive  that 
the  stomach  digestion  may  partake  largely  of  the  type  of  intestinal 
digestion. 

The  saliva  continues  to  act  in  the  fundus  end  of  the  stomach  for  a 
period  longer  or  shorter,  depending  on  the  size  and  character  of  the 
meal  and  the  amount  of  gastric  juice.    The  center  of  tlie  mnss  of  food 
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in  the  fundus  end  of  the  stomach  does  not  become  sufficiently  acid  to 
stop  ptyalin  action  for  about  an  hour,  on  the  average,  after  the  food  is 
eaten  (see  page  335).  During  this  time  ptyalin  is  active  and  we  now 
know  that  starch  digestion  can  proceed  well  toward  its  end  in  the 
stomach.  Moreover,  we  have  always  the  action  of  the  bacteria.  These 
are  killed  for  the  most  part  when  the  juice  is  acid,  but  in  hypochlorhy- 
dria,  or  when  the  motility  of  the  stomach  is  depressed,  the  activity  of 
the  bacteria  may  be  a  source  of  much  discomfort.  By  the  fermentation 
by  bacilli  of  a  lactic  acid  type,  or  the  butyric  acid  bacillus,  or  various 
sarcinas,  lactic,  butyric  or  acetic  acids  may  be  formed,  and  large  quanti- 
ties of  hydrogen,  or  carbonic  acid  gas  evolved.  A  sufficient  amount  of 
gastric  juice  to  produce  rapid  acidity  will  prevent  this  bacterial  growth. 
Hence,  if  much  hydrochloric  acid  is  formed,  there  is  little  lactic  acid 
produced. 

Still  another  factor  enters  into  the  gastric  digestion:  namely,  the 
regurgitation  of  bile,  pancreatic  and  duodenal  juice  into  the  stomach. 
This  ordinarily  occurs  to  a  relatively  slight  extent,  but  under  certain 
conditions  it  may  result  in  the  digestion  becoming  of  a  real  intestinal 
nature.  This  fact,  discovered  by  Boldyreff,  has  been  taken  advantage 
of  by  him  for  obtaining  pancreatic  juice  for  clinical  examination.  The 
presence  of  bile  was  observed  in  the  stomach  of  Alexis  St.  Martin,  but 
it  does  not  seem  to  have  occurred  to  physiologists  that  the  pancreatic 
juice  might  come  also.  Boldyreff  found  that  the  presence  of  fat,  and 
particularly  fat  with  fatty  acid  in  it,  caused  this  regurgitation.  Also,  if 
the  stomach  is  more  than  normally  acid,  there  is  a  pouring-in  of  large 
quantities  of  intestinal  juice  to  neutralize  the  hyperacidity. 

Summary  of  gastric  digestion. — The  empty  stomach  is  normally 
contracted  on  itself  and  its  cavity  obliterated  so  that  its  walls  are  in 
contact.  Under  these  conditions  the  mucous  membrane  is  white,  or  a 
pale  pink,  thrown  into  folds,  or  rugse,  and  the  surface  is  covered  with 
a  thin  layer  of  mucus  either  alkaline,  or  neutral,  or  very  faintly  acid 
iu  reaction.  When  one  is  hungry  the  smell,  or  sight,  or  the  taste  of 
food  is  sufficient  to  start  the  secretion,  so  that  before  a  meal  is  eaten 
there  may  be  some  gastric  juice  present  in  the  stomach.  This  juice  is 
acid  in  reaction,  due  to  the  presence  in  it  of  hydrochloric  acid,  and  it 
has  a  strong  solvent  action  on  proteins,  due  to  the  presence  of  an  enzyme 
called  pepsin.  When  food  is  eaten  the  stomach  slowly  relaxes  as  the 
food  is  swallowed  and  thus  adapts  itself  to  the  size  of  the  meal  which 
has  been  eaten.  The  food  at  first  accumulates  in  the  fundus  end  of  the 
stomach  in  a  large  bolus,  which  retains  a  very  faint  acid  or  neutral  reac- 
tion in  its  interior  for  a  considerable  period  and  in  this  bolus  salivary 
digestion   continues  some  time. 

As  soon  as  food  enters  the  stomach,  or  even  before  it  enters,  the 
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stomach  begins  to  pour  out  the  strongly  acid  secretion  of  the  gastric 
glands.  This  juice  attacks  the  exterior  of  this  mass  of  food  and  slowly 
softens,  digests  and  liquefies  the  peripheral  portions  of  it.  At  the  same 
time  movements  of  the  stomach  begin  and  increase  gradually  in  intensity. 
These  movements  are  in  the  nature  of  peristaltic  constrictions,  which 
appear  at  about  the  junction  of  the  pyloric  and  fundus  regions  of  the 
stomach  and  then  travel  slowly  toward  the  pylorus.  By  means  of  these 
movements  some  of  the  partially  digested,  softened  portions  of  the 
periphery  of  the  bolus  of  food  are  broken  from  the  main  portion  and 
thoroughly  mixed  with  the  digestive  juices. 

At  first  when  the  peristaltic  wave  reaches  the  pylorus  the  latter  does 
not  open,  but  the  wave  is  reflected  back  again  toward  the  fundus  end 
of  the  stomach,  thus  carrying  the  portions  of  the  food  back  with  it.  By 
the  combined  action  of  the  movements  and  the  solvent  action  of  the 
juice,  the  mass  of  food  is  slowly  reduced  to  a  state  of  fine  subdivision 
and  solution  in  an  acid  medium  and  this  mixture  of  foods  partly  in  sus- 
pension and  partly  in  solution  is  called  chyme.  Gradually,  as  the  free 
acidity  of  the  juice  increases,  the  vigor  of  the  movements  increases.  As 
the  peristaltic  waves  reach  the  pylorus  the  latter  relaxes  a  little  and 
some  of  the  more  fluid  portions  of  the  chyme  are  thus  squirted  into  the 
intestine,  where  they  cause  the  secretion  of  the  juices  of  this  part  of 
the  canal  in  the  manner  shortly  to  be  described.  In  this  manner  the 
stomach  slowly  empties  itself  and  the  food  is  passed  little  by  little  toward 
and  through  the  pylorus.  It  happens  at  times  that  larger  masses  are 
carried  along  in  the  peristaltic  wave,  but  when  these  masses  strike  the 
pylorus  the  latter  closes  down  upon  them  and  does  not  let  them  pass. 

The  various  foodstuffs  are  acted  upon  in  such  a  way  by  the  gastric 
juice  and  the  saliva  that  when  the  contents  leave  the  stomach  the  proteins 
have  been  reduced  for  the  greater  part  to  the  state  of  acid  nlbnmin  and 
proteoses.  Some  polypeptides,  tri-  and  di-peptides  are  also  in  the  chyme. 
Some  protein  particles  have  not  been  digested,  however,  and  meat  fibers, 
as  such,  may  pass  the  pylorus  to  be  acted  upon  and  digested  in  the  intes- 
tine. The  nucleins  are  not  digested.  The  fats,  if  already  saponified,  have 
been  in  large  part  already  converted  by  the  lipase  of  the  stomach  into 
fatty  acids  and  glycerol,  but  the  fats  which  are  not  emulsified,  such  as 
the  fat  of  meat,  are  passed  through  the  pylorus  still  as  neutral  fat.  The 
starches  have  been  in  large  measure  digested  by  the  amylase  of  the  saliva 
and  changed  to  dextrins  and  maltose,  so  that  in  the  chyme  both  of  these 
are  found ;  and  some  of  the  cane  sugar,  if  that  has  been  eaten,  has  been 
inverted  by  the  action  of  the  acid  of  the  juice  and  converted  into  glucose 
and  levulose,  but  most  of  the  carbohydrates  are  passed  on  into  the  intes- 
tine only  partially  digested,  to  await  their  final  digestion  in  that  organ. 

The  bacteria  and  parasites  swallowed  by  the  individual  have  been 
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for  the  most  part  killed  by  the  acid  of  the  juice,  so  that  the  strongly 
acid  chyme  is  nearly  or  quite  sterile. 

The  study  of  the  origin  of  the  pepsin  and  hydrochloric  acid,  which 
are  the  principal  active  constituents  of  the  juice,  has  shown  that  the 
pepsin  is  formed  in  the  cells  of  the  glands  of  the  stomach  and  particu- 
larly the  cells  of  the  fundus  region.  It  exists  in  the  cell  presumably  in 
an  inactive  form  called  pepsinogen,  and  is  made  active  by  the  action 
of  the  acid  of  the  juice.  What  cells  form  the  pepsin  is  still  uncertain. 
The  origin  of  the  hydrochloric  acid  is  still  very  obscure.  It  is  formed 
from  the  chlorides  of  the  blood  and  by  the  fundus  part  of  the  stomach. 
The  probability  is  that  it  is  formed  in  the  neck  of  the  gastric  glands, 
and  perhaps  all  along  the  surface  of  the  mucous  membrane,  by  the  reab- 
sorption  (selective  adsorption?)  of  the  basic  part  of  the  chloride  (which 
is  possibly  ammonia)  leaving  the  acid  on  the  outside.  The  stomach  wall 
is  impervious  to  acid.  It  is  certain  that  the  acid  is  not  formed  by  the 
parietal  cells,  as  was  at  one  time  believed,  but  for  which  there  never 
was  any  good,  direct  evidence.  The  formation  of  the  acid  is  a  problem 
of  great  iinportance  which  must  be  left  to  the  future  to  solve. 

The  acidity  of  the  juice  formed  is  subject  to  wide  variation  in  disease, 
and  the  determination  of  the  amount  and  character  of  the  acid  is  of 
diagnostic  value  in  some  stomach  disorders..  The  methods  for  the  inves- 
tigation of  this  acidity  have  already  been  described.  In  carcinoma  of 
the  stomach  the  acidity  is  generally  below  normal  or  absent;  in  ulcer 
the  acidity  is  generally  above  normal. 

The  resistance  of  the  stomach  to  self-digestion  is  due  to  the  fact  that 
the  acid  is  not  able  to  penetrate  the  living  protoplast  of  the  cells  of  the 
membrane ;  but  when  they  are  dead  or  when  their  resistance  is  reduced, 
it  does  so  penetrate  and  then  the  pepsin  digests  the  dead  organ.  The 
cells  contain,  also,  a  substance  which  checks  peptic  action,  an  anti- 
ferment. 

Not  all  of  the  products  of  digestion  pass  out  into  the  pylorus.  An 
unknown  proportion,  but  probably  a  small  proportion,  of  the  food  is 
absorbed  directly  by  the  stomach,  according  to  the  most  recent 
investigation. 
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CHAPTER  X, 

DIGESTION  IN  THE  INTESTINE. 

Duodenal  secretion. — The  discharge  of  acid  chyme  into  the  intes- 
tine causes  the  secretion  of  duodenal  juice.  We  have  now  to  inquire  how 
it  causes  it  and  what  are  the  properties  and  uses  of  the  juice  thus  poured 
out.  This  brings  us  to  one  of  the  most  interesting  of  the  unsolved  prob- 
lems of  physiology :  namely,  the  true  functions  of  the  duodenum. 

The  duodenum  (Latin,  duodeni,  twelve  each),  or  the  twelve-finger 
intestine,  as  the  Germans  call  it  (Zwolffinger  Darm),  because  it  is  about 
eleven  inches  or  twelve  finger  breadths  in  length,  is  that  part  of  the 
intestine  extending  from  the  pylorus  to  the  jejunum,  or  the  empty  intes- 
tine, and  it  receives  the  two  very  important  secretions  of  the  liver  and 
the  pancreas  as  well  as  its  own  peculiar  one.  It  is  lined  throughout  with 
a  mucous  membrane  which  contains  a  large  number  of  small  glands,  the 
-  glands  of  Brunner. 

The  mechanism  of  secretion  of  these  glands  has  not  been  sufficiently 
studied,  but  they  pour  into  the  duodenum  a  large  amount  of  a  strongly 
alkaline,  albuminous  juice.  The  alkalinity  of  the  juice  is  due  to  car- 
bonates and  it  effervesces  strongly  on  the  addition  of  acid.  It  has  by 
itself  very  weak  digestive  powers.  It  contains  some  invertin,  so  that 
it  will  invert  cane  sugar;  and  some  erepsin;.but  its  main  function  is  to 
increase  the  power  of,  or  to  work  in  conjunction  with,  pancreatic  juice 
'  and  bile. 

The  quantity  of  duodenal  juice  secreted  normally  in  man  cannot  be 
staled,  but  from  a  duodenal  fistula  of  a  loop  cut  off  from  the  intestine 
Mill!  the  stomach  an  extraordinarily  large  amount  of  a  clear,  colorless, 
oMcaline  (H  ion  content  about  2XlO~*  N)  strongly  albuminous  fluid  is 
ilischarged.  In  a  dog  weighing  5  kilos,  50  c.c.  were  secreted  in  120  min- 
iiU-s.  It  does  not  seem  possible,  or  probable,  that  the  secretion  can  under 
normal  circumstances  be  as  large  as  this. 

Enterokinase. — The  duodenal  juice  is  remarkable  because  of  a  sub- 
si  ance  in  it  called  enterokmase,  meaning  literally  the  active  substance 
of  the  intestine,  which  has  the  property,  when  mixed  with  pancreatic 
juice,  of  enormously  increasing  the  action  of  the  latter  on  proteins.  If, 
for  example,  three  samples  are  prepared  in  three  test-tubes,  one  of  pure 
pancreatic  juice,  one  of  pure  duodenal  juice  and  one  of  a  mixture  of 
equal  parts  of  duodenal  and  pancreatic  juice,  and  a  piece  of  fibrin  or 
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other  protein  is  introduced  into  each  til  the  three,  the  mixture  digests 
the  protein  at  once,  while  the  pure  juice  in  each  case  leaves  it  almost 
unaffected. 

Enterokinase  is  found  in  the  mucous  membrane  of  the  duodenum  and 
may  be  extracted  with  dilute  bicarbonate  solution.  It  is  destroyed  by 
heating.  It  is  found  in  the  intestines  of  all  the  vertebrates.  In  the  dog- 
fish (Elasmobranch),  Mustelus  canis,  one  finds  none  of  it  in  the  stomach 
mucosa,  but  it  is  found  all  along  the  intestine  mucosa  nearly  to  the 
rectum,  but  the  larger  quantities  are  found  in  the  upper  part.  It  is 
supposed  to  act  by  converting  an  inactive  trypsinogen'in  the  pancreatic 
juice  into  active  trypsin,  but  the  evidence  of  this  is  still  uncertain, 
although  this  interpretation  is  probable.  It  is  claimed  by  some  that 
enterokinase,  or  substances  of  a  similar  property,  are  found  in  leucocytes 
and  other  cells,  but  this  is  denied  by  Bayliss  and  Starling.  It  is  cer- 
tainly found  nowhere  else  in  the  dogfish  than  in  the  mucous  membrane 
of  the  intestine.  A  small  amount  of  enterokinase  is  able  to  increase  the 
digestive  activity  of  the  pancreatic  juice  on  proteins  very  strongly,  and 
for  this  reason  it  is  thought  to  be  a  ferment  itself. 

Other  enzymes  in  duodenal  juice. — Besides  containing  enterokinase, 
the  duodenal  juice  is  important  in  digestion  on  account  of  its  alkaline 
reaction,  by  which  it  aids  in  the  neutralization  of  the  acid  chyme  coming 
from  the  stomach,  and  because  of  the  carbohydrate  enzymes  invertin, 
maltose  and  lactase  it  contains,  which  give  it  a  powerful  action  on  the 
disaccharides  cane  sugar,  maltose  and  lactose,  converting  these  to  mono- 
saccharides. 

Other  functions  of  the  duodenum. — There  are  also  certain  facts 
about  the  juice  which  are  well  deserving  of  farther  investigation.  It 
seems  to  be  necessary  to  life.  Dogs  live  for  long  periods  if  the  bile  and 
pancreatic  juice  are  diveftBd  from  the  body  by  fistulas;  but  if  the 
duodenal  juice  is  compMely  diverted  to  the  outside,  they  rarely  live 
more  than  48  hours.  If,  for  example,  a  ligature  is  placed  about  the 
pylorus,  so  that  duodenal  juice  cannot  go  back  into  the  stomach,  and 
the  duodenum  is  cut  away  from  the  intestine  about  six  inches  from 
the  pylorus,  a  gastro-enterostomy  being  made  so  that  the  food  can  pass 
from  the  stomach  to  the  intestine,  and  if  the  duodenal  sac  thus  made 
is  drained  to  the  exterior  by  a  fistula,  or  if  the  duodenum  be  taken  out 
entirely,  no  serious  symptoms  show  themselves  for  24  or  36  hours,  but 
very  shortly  afterwards  the  dogs  die.  If,  however,  the  duodenum  is  left 
in  connection  with  the  pylorus,  being  cut  off  at  its  lower  end,  so  that 
the  juice  can  get  back  into  the  stomach  and  so  into  the  intestine ;  or  if, 
after  tying  both  ends  of  the  duodenum,  a  rubber  tube  Is  connected  with 
the  duodenum  and  the  jejunum  so  tihat  the  juice  can  pass  along  it,  no 
serious  results  follo^v  the  operation.    Indeed,  extirpation  of  the  firs* 
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six  inches  of  the  dog's  duodenum  is  almost  invariably  fatal  in  the  ex- 
periments reported.  Similar  fatal  results  have  been  reported  in  human 
beings  following  resection  of  the  duodenum.  The  cause  of  death  is  still 
obscure.  Whether  it  is  due  to  the  rapid  secretion  of  some  necessary 
substance  through  the  duodenum  to  the  exterior;  or  whether  it  is  due 
to  the  duodenum  making  something  which  is  necessary  to  the  function- 
ing of  the  gut  lower  down,  or  whether  it  is  due  to  some  other  cause,  is 
quite  unknown.  An  experiment  has  recently  been  reported  in  which  the 
duodenum  was  removed  from  a  dog  after  implantation  of  the  gall  and 
pancreatic  ducts  into  the  jejunum  and  this  dog  survived.     (Moorhead.) 

Excretory  function  of  duodenum. — The  duodenal  juice  may  have 
in  it  not  only  its  normal  constituents,  but  many  substances  are  excreted 
here.  Thus  sugars  of  various  kinds  put  directly  into  the  blood  are 
excreted  into  the  duodenum  and  reabsorbed  farther  down.  This  fact 
makes  the  interpretation  of  metabolism  experiments  in  which  sugars  are 
injected  directly  into  the  blood  very  difficult,  because  one  cannot  easily 
tell  whether  the  sugar  is  used  directly,  or  only  indirectly  after  its  excre- 
tion and  reabsorption.  So,  also,  morphine  is  excreted  here,  and  potas- 
sium ferrocyanide  and  many  metals  when  they  are  injected  subcutane- 
ously,  or  intravenously ;  indeed,  this  part  of  the  intestine  is  an  important 
excretory  organ,  which  functions  especially  in  cases  of  renal  in- 
sufficience. 

Pancreatic  juice. — Closely  applied  to  the  duodenum,  or  lying  in 
the  mesentery  by  its  side,  is  the  pancreatic  gland,  a  digestive  organ  of 
the  first  importance  which  pours  its  secretion  into  the  duodenum  through 
two  main  ducts,  the  duct  of  Wirsung  and  the  duct  of  Santorini.  There 
may  be,  also,  subsidiary  duets  between  these  two.  The  latter  of  these 
ducts  opens  in  human  beings  about  four  inches  (9-10  ems.)  below  the 
pylorus ;  the  former,  in  common  with  the  bile  duct,  about  five  and  three- 
fourths  inches  below  the  pylorus. 

The  pancreas,  like  the  other  digestive  glands,  does  not  secrete  con- 
stantly, but  only  intermittently  when  its  secretion  is  needed.  Its  strongly 
alkaline  secretion  gushes  forth,  together  with  the  bile  and  the  duodenal 
juice,  when  the  acid  chyme  is  squirted  through  the  pylorus  into  the 
intestine,  and  it  is  continued  until  the  acidity  of  this  chyme  is 
neutralized. 

Composition  of  human  pancreatic  juice. — Human  pancreatic  juice 
has  been  obtained  from  artificial  pancreatic  fistulas.  The  juice  is  alka- 
line to  litmus,  due  to  the  presence  in  it  of  sodium  carbonate;  it  is  as 
clear  as  water  and  coagulates  on- heating.  The  pancreatic  juice  of  the 
dog  obtained  on  stimulating  the  vagi  or  by  the  action  of  pilocarpine 
may  contain  so  much  protein  that  when  heated  it  forms  a  solid  coagulum. 
The  freezing  point  of  human  pancreatic  juice  is  above  that  of  the  blood : 
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i.e..  — 0.42°  to  — 0.49°.  To  neutralize  it,  using  litmus  as  an  indicator, 
by  titration  it  requires  for  1  c.e.  of  juice  0.1-0.15  c.c  of  N/10  HCl.  The 
neutralized  juice  becomes  turbid  at  47°  C.  and  coagulates  between  57° 
and  59°  ( Wohlgemuth).  It  is  precipitated  by  an  equal  volume  of  satu- 
rated ammonium  sulphate.  The  following  is  the  composition  of  the 
juice  examined  by  Glaesner  and  Wohlgemuth : 

Water    

Solids    

Coagulable  protein   

Nitrogen   

Alcohol  soluble  substances   

Specific  gravity 1007.5 

Ash: 

K    1.10%         01    50.75 

Na    ....  36.65  80^,    ....  2.05 

Traces  of  Ca,  Mg,  Fe,  SiO^.  CO^j  0.11% 

This  is  the  secretion  from  a  permanent  fistula.  The  secretion  of  the 
first  juice  secreted  from  the  dog's  pancreas  on  opening  the  duct  is  far 
more  concentrated  than  this.  It  may  contain  nearly  10  per  cent,  of 
solids,  9  per  cent,  being  organic  matter.  The  concentration  of  hydroxyl 
ions  in  dog's  pancreatic  juice  is  equal  to  N/10,000  (Foa). 

Control  of  the  secretion  of  the  pancreas. — How  the  secretion  of  the 
pancreas  is  controlled  brings  us  to  one  of  the  most  interesting  of  recently 
discovered  facts  concerning  the  chemical  messengers  of  the  body.  To 
understand  what  follows  we  must  have  some  knowledge  of  the  structure, 
blood  and  nerve  supply  of  this  vital  organ. 

It  is  a  relatively  small  organ  weighing  in  the  human  adult  about 
87  grams.  It  is  a  tubular  gland,  the  secreting  cells  being  in  acini  and 
they  are  filled,  or  more  than  half  filled,  with  granules  which  during 
secretion  disappear  from  the  cells  and  are  replaced  by  a  clear  non- 
granular protoplasm  containing  mitochondria.  Figure  42.  The  gland 
in  the  guinea  pig  and  rabbit  is  very  thin  and  spread  out  in  the  mesentery ; 
and  with  a  little  care  a  loop  of  the  intescine  containing  the  organ  in 
the  mesentery  may  be  so  placed  on  a  microscope  stage  that  the  gland  may 
be  watched  secreting  in  the  living  state.  The  blood  may  be  seen  circu- 
lating about  the  base  of  the  cells  and  the  granules  are  clearly  visible  near 
the  lumen.  No  structure  could  be  seen  by  the  author  in  the  bases  of 
these  cells,  but  only  a  clear  protoplasm,  and  the  granules  could  not  be 
seen  to  move  in  the  cell  itself.  On  stimulation  of  the  vagus  nerve  the 
bases  of  the  cells  seemed  to  be  a  little  more  indented  between  the  cells, 
but  no  other  change  was  visible.  Mitochondria  may,  however,  be  seen 
in  the  base  of  the  living  cell  when  appropriate  methods  are  used. 

The  blood  supply  is  from  the  pancreatic  artery  and  the  blood  returns 
by  the  pancreatic  vein  into  the  mesenteric  and  ultimately  into  the  portal 
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vein,  so  that  the  blood  after  passing  through  the  pancreas  goes  through 
the  liver.  There  is  a  double  nerve  supply,  fibers  coming  both  from  the 
vagi  nerves,  sometimes  from  one  more  than  the  other,  and  from  the 
splanchnics.  Stimulation  of  these  nerves  under  certain  conditions  causes 
secretion  from  the  pancreas.  With  this  preliminary  statement  we  may 
approach  the  problem  of  how  the  presence  of  chyme  ir  the  intestine 
causes  the  pancreas  to  secrete. 

Secretin. — Since  most  organs  are  controlled  by  nerves,  one  naturally 
thinks  of  a  nervous  reflex.     The  acid  chyme  may  be  supposed  either 


\ 


Fig.  42, — Section  of  pancreas  of  mouse.     Osmium  bichromate   (Mathews). 

directly,  or  indirectly  by  changes  it  induces  in  the  mucosa,  to  stimulate 
sensory  nerve  ends.  Everyone  knows  how  acids  will  stimulate  such 
endings  or  such  nerves  in  the  skin  and  they  may  act  in  the  same  manner 
in  the  intestine.  Such  impulses  may  ascend  the  vagi  nerves  to  the  brain 
and  be  reflected  back  over  the  vagi,  or  splanchnics,  or  both,  causing  a 
dilation  of  blood  vessels  in  the  organ  and  a  secretion  of  its  stored  juice. 
This  explanation  appeared  quite  satisfactory  until  it  was  discovered 
that  after  all  nerves  going  to  the  pancreas  were  cut,  putting  acid  into 
the  duodenum  still  caused  secretion  from  the  gland.  The  first  interpre- 
tation of  this  unexpected  result  was  that  there  must  be  a  local  reflex 
mechanism;  that  the  impulses  did  not  need  go  to  the  brain,  but  were 
reflected  through  a  local  ganglion  and  so  to  the  nerves  of  the  organ.  It 
is  very  difficult,  if  not  impossible,  to  prove  that  this  is  not  the  case,  but 
it  was  very  soon  found  that  certainly  another  inechanism  different  from 
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this  was  called  into  play.  Bayliss  and  Starling  discovered  that  an  acid 
infusion  of  the  mucous  membrane  of  the  duodenum  and  the  intestine 
when  neutralized  and  injected  into  the  blood  caused  secretion  from  the 
pancreas  and  liver,  whereas  acid  infusions  of  other  organs  of  the  body 
had  no  such  action.  There  was  no  doubt  that  a  substance  existed  in 
the  mucous  membrane  of  the  intestine,  duodenum  and  jejunum,  which 
could  be  extracted  by  boiling  dilute  acid,  which  was  not  protein  or 
coagulable,  which  was  soluble  in  alcohol,  and  which  caused,  when  injected 
into  the  blood,  secretion  of  the  pancreas  and  liver.  It  caused,  also,  a 
marked  fall  of  blood  pressure  and  a  diminution  of  coagulability  of  the 
blood,  although  these  effects  may  be  due  to  another  substance  than  that 
causing  secretion.  This  substance,  stimulating  secretion,  they  called 
"secretin"  because  of  its  action  on  the  pancreas.  This  discovery  sug- 
gested at  once  the  possibility  that  the  presence  of  acid  chyme  in  the 
intestine  sets  free  secretin  in  the  mucosa ;  and  that  some  of  this  secretin 
gets  into  the  blood  and  makes  the  pancreas  secrete. 

The  fact  that  such  a  substance  exists  in  the  mucosa  does  not  neces- 
sarily mean  that  the  substance  is  actively  engaged  in  the  normal  secre- 
tion. To  prove  this  it  was  necessary  to  prove  that  blood  from  animals 
actively  secreting  pancreatic  juice  really  contained  enough  secretin  to 
cause  secretion.  This  proof  was  obtained  by  making  a  cross  circulation 
in  two  dogs,  by  anastomosing  the  arteries  with  the  veins.  Cannulas 
were  put  in  the  pancreatic  ducts  of  both  dogs  and  then  acid  was  placed 
in  the  duodenum  of  one  dog.  Under  these  circumstances  both  pan- 
creases secreted.  This  experiment  shows  that  secretin  actually  enters 
the  blood  when  acid  is  put  in  the  duodenum  and  that  the  amount  is 
sufQcient  to  cause  the  pancreas  to  secrete.  Bayliss  and  Starling  propose 
to  call  such  chemical  messengers  as  secretin,  which  arouse  other  organs 
of  the  body,  "  hormones,"  from  the  Greek,  hormon,  "  I  rouse  to  activ- 
ity." Adrenalin  is  another  hormone  which  in  some  particulars  resem- 
bles secretin.  It  is  probable  that  this  secretin  came  from  the  duodenal 
mucosa  of  dog  No.  1,  but  the  possibility  is  not  excluded  that  it  arase  in 
the  pancreas  of  this  dog  when  the  latter  was  acted  upon  by  nervous 
stimuli  and  after  causing  secretion  in  this  organ  passed  to  the  blood  and 
aroused,  then,  the  second  pancreas  to  secrete. 

It  has  been  incorrectly  inferred  by  some  authors  that  this  discovery 
means  that  the  nervous  system  is  not  concerned  in  the  secretion  of  the 
pancreas,  but  this  is  of  course  not  true.  It  is  unlikely  that  the  nervous 
mechanism  plays  no  part  in  the  secretion.  .The  existence  of  this  mechan- 
ism can  be  proved  by  directly  stimulating  the  nerves,  causing  thereby 
a  copious  secretion.  Of  course  in  this  case,  just  as  with  the  supra-renals 
and  splanchnics  (page  778),  it  is  vei'y  difficult  to  pi'ove  that  the  secretion 
accompanying  vagi  stimulation  is  not  due  to  the  nerves  acting  on  the 
duodenum  or  stomach  so  as  to  cause  secretion  of  secretin,  which  then 
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indirectly  arouses  the  pancreas.  A  certain  argument  from  analogy  may 
be  made  for  this  conclusion.  For  example,  it  is  known  that  when  the 
sympathetic  is  cut  and  degenerates,  organs  supplied  by  this  nerve 
become  more  than  usually  sensitive  to  the  actiou  of  adrenalin,  so  that 
after  division  of  the  cervical  sympathetic  on  one  siae  the  pupil  of  the 
eye  on  that  side  will  dilate  after  amounts  of  adrenalin  have  been 
injected  too  small  to  affect  the  normal  pupil.  The  pancreas  shows  a 
somewhat  similar  action.  The  vagus  does  not,  in  normal  circumstances, 
cause  secretion  from  the  pancreas  when  it  is  stimulated,  but  if  it  is 
cut  first  and  then  stimulated  after  degenerating  for  two  or  three  days, 
it  often  does  cause  a  secretion  on  stimulation.  It  might  be,  therefore, 
that  the  gland  after  division  of  the  vagus  became  hypersensitive  to 
secretin.  But  while  it  is  possible  that  the  vagus  causes  secretion  only 
indirectly  in  that  it  arouses  the  duodenum  to  secrete  secretin,  there  is 
as  yet  no  evidence  that  this  is  the  case,  and  the  analogy  with  adrenalin 
would  indicate  that  secretin  is  probably  acting  to  reinforce  a  nervous 
mechanism  rather  than  to  supplant  it.  There  are  several  differences 
between  the  secretion  due  to  secretin  and  that  due  to  stimulation  of 
the  vagus.  One  is  that,  if  the  first  dose  of  secretin  injected  is  large,  very 
little  subsequent  secretion  is  produced  by  subsequent  doses.  Nothing 
of  this  sort  happens  on  stimulating  the  vagi.  These  cause  secretion, 
under  favorable  circumstances,  as  often  as  they  are  stimulated  and  the 
secretion  is  copious.  In  this  respect  secretin  resembles  adrenalin,  which 
in  any  but  very  small  doses  produces  little  effect  on  the  second  or  third 
injection.  Secretin  causes  secretion  after  atropin  has  paralyzed  the 
gland  so  that  nerve  stimulation  no  longer  causes  secretin.  The  character 
of  the  secretion  is  different  in  the  two  cases  also,  the  secretin  secretion 
being  more  dilute  with  less  organic  matter  than  that  obtained  on  nerve 
stimulation.  In  view  of  these  facts,  while  no  definite  conclusions  can  be 
drawn  without  further  investigations,  it  seems  more  probable  that  both 
chemical  and  nervous  mechanisms  are  involved  in  the  secretion  of  the 
pancreas  and  that  part  of  the  result  of  introducing  acid  chyme  into 
the  duodenum  is  due  to  a  nervous  reflex  through  the  vagi,  and  part 
to  the  production  of  secretin  by  the  direct  action  of  the  acid  on  the 
mucosa.  There  is,  indeed,  a  remote  possibility  which  has  not  been 
investigated  so  far  as  the  author  knows,  namely,  that  secretin  may  pro- 
duce its  secretion  from  a  different  tissue  of  the  gland  than  that  of  the 
nerve  stimulation.  There  are  two  tissues  in  the  gland,  duct  tissue  and 
secreting  acinary  tissue.  The  cells  of  these  tissues  are  different  in  their 
physical  appearance  and  they  react  differently  when  the  ducts  are 
plugged.  If  a  fat  with  high  melting  point  is  injected  into  the  ducts, 
thus  plugging  them,  the  acinary  tissue  degenerates,  but  the  duct  tissue 
remains,  so  that  the  pancreas  becomes,  as  Bernard  says,  like  a  tree 
without  its  leaves,  all  the  small  ducts  and  ductules  standing  out  vnth 
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all  the  acinary  cells  gone  (Figure  63,  page  786) .    It  is  not  known  whether 
the  duct  tissue  contributes  to  the  secretion  and,  if  so,  what  constituents. 

Secretin;  chemical  nature. — The  chemical  nature  of  secretin  is  still 
unknown.  An  acid  extract  of  the  mucosa  contains,  according  to  Dale. 
/J-imidazolylethyl  amine,  a  substance  derived  from  histidine  by  split- 
ting off  carbon  dioxide  as  follows: 

HC— NH\  HC— NH\ 

II  /OH  II  ^CH 

6—S  C— N    '^ 

I  I 

CH,  CT 

CHNHj  GHjNH^ 

I  ^-imidazoljlethyl 

COOH  amine. 

Histidine.  Histamine. 

According  to  some  /3-imidazolylethyl  amine  is  identical  with  vaso- 
dilatin.  It  causes,  certainly,  a  fall  of  blood  pressure  and  a  lowered 
coagulation  of  the  blood,  but  this  identity  is  denied  by  others.  Whether 
secretin  will  act  in  the  absence  of  any  depressor  substance  in  the  extract 
is  still  uncertain,  so  that  secretin  and  vasodilatin  or  imidazolylethyl  amine 
are  possibly  not  identical.  Secretin  is  stable  in  acid  solution,  but  readily 
oxidizes  in  neutral  or  alkaline  solution  and  is  destroyed.  These  are 
resemblances  to  adrenalin,  which  is  apparently  a  body  of  the  same  kind : 
that  is,  a  basic  substance  possibly  derived  from  some  amino-acid  by  the 
splitting  off  of  carboxyl.  It  is  not  the  only  substance  causing  secretion 
of  the  pancreas.  Thus  pilocarpine  has  such  an  action  and  so  also  has 
Witte's  peptone  and  curarin.  It  is  asserted  by  Popielski  that  other 
tissues  than  the  intestine  will  also  yield  extracts,  vasodilatin,  to  acids 
which,  when  neutralized,  will  cause  secretion  of  the  pancreas  on  injec- 
tion. It  may  be  mentioned  in  this  connection  that,  according  to  the 
author's  observations,  adrenalin  causes  secretion  of  the  salivary  glands, 
but  not  of  the  pancreas.  Secretin  may  be  extracted  from  the  mucosa 
of  the  upper  part  of  the  intestine,  after  the  mucosa  has  been  hardened  in 
HgClj,  by  boiling,  rejecting  the  filtrate,  extracting  the  residue  with 
2  per  cent,  acetic  acid  containing  1  per  cent,  of  HgClj  and  precipitating 
the  filtrate  by  the  addition  of  NaOH  nearly  to  the  neutral  point.  The 
white  flocculent  precipitate  is  treated  with  HaS,  filtered,  the  filtrate 
boiled  to  free  from  HaS.    The  filtrate  is  very  active  (Dale  and  Laidlaw) , 

Digestive  functions  of  the  pancreas.  Action  on  fats. — The  greater 
part  of  our  knowledge  of  the  fundamental  facts  of  the  digestive  action 
of  the  pancreas  we  owe  to  the  great  French  physiologist,  Claude  Ber- 
nard, whose  Memoire  sur  le  pancreas  is  one  of  the  classics  of  physi- 
ology. Bernard  undertook  an  investigation  into  the  comparative 
physiology  of  digestion.  His  own  words  on  the  discovery  of  the  actioif 
of  the  pancreas  are  as  follows : 
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"  During  the  winter  of  the  year  1846  I  studied  the  digestion  of 
different  alimentary  substances  in  different  carnivorous  and  herbivorous 
animals.  Having  fed  fatty  substances  to  dogs  and  to  rabbits,  I  followed 
the  physical  or  chemical  changes  fitting  them  for  absorption  that  the 
different  substances  underwent  in  different  parts  of  the  alimentary  canal. 
I  perceived,  in  opening  the  intestines  of  animals,  that  in  dogs  the  fatty 
substances  were  emulsified  and  absorbed  by  the  lacteals  from  the  com- 
mencement of  the  intestine  and  nearly  from  the  pylorus ;  while  in  rab- 
bits the  phenomena  became  evident  only  very  much  farther  down  at  a 
distance  of  30  to  50  cms.  from  the  pylorus,  depending  on  the  size  of  the 
animal.  Struck  by  this  difference,  I  sought  with  care  to  see  if  there 
was  not  some  constant,  particular,  anatomical  difference  in  this  region 
between  the  two  species.  I  determined  in  fact  that  in  the  dog  the  two 
pancreatic  ducts  opened  very  high  up  in  the  intestine,  at  the  commence- 
ment of  the  duodenum,  in  the  neighborhood  of  the  choledochal  canal; 
while  in  the  rabbit,  on  the  contrary,  the  principal  pancreatic  duct  opened 
much  lower  than  the  bile  duct  and  precisely  at  that  point  where  I  had 
seen  that  the  emulsification  of  fatty  matters  commenced  with  great 
intensity.  By  this  coincidence  I  was  very  naturally  led  to  infer  that 
the  pancreatic  secretion  must  have  the  property  of  so  altering  fats  as 
to  make  them  absorbable. 

"  It  remained  to  test  this  hypothesis  by  experiments  with  the  secre- 
tion of  the  pancreas.  To  this  end  1  began  experiments  to  obtain  pan- 
creatic juice  and  I  was  able  to  determine  that  the  liquid  possesses  in 
truth  the  special  property  of  emulsifying  instantaneously  the  fats  and 
of  acting  upon  them  chemically  in  a  very  remarkable  manner. ' ' 

Bernard  found  that  pancreatic  juice  added  to  neutral  olive  oil  formed 
almost  instantaneously  a  permanent  emulsion,  the  oil  not  separating  as 
a  layer ;  and  that,  if  extract  of  litmus  were  added,  the  solution  could  be 
seen  to  have  become  distinctly  acid.  This  acidity  was  due  to  the  fatty 
acids  which  were  set  free  from  the  neutral  fats.  The  first  property  then 
to  be  noticed  of  pancreatic  juice  is  that  it  splits  and  emulsifies  fats.  This 
property  it  loses  if  boiled  first.  It  is  due  to  an  organic  substance  of  an 
unknown  nature  contained  in  the  juice  which  is  called  steapsin;  and 
since  it  splits  fats  it  is  one  of  the  group  of  fat-splitting  enzymes  called 
lipases,  or  lipolytic  enzymes.  The  steapsin  of  the  pancreas  is  the  chief, 
or  most  important,  enzyme  in  the  digestion  of  fats.  By  it  the  neutral 
fats  are  split  into  glycerol  and  fatty  acid  by  hydrolysis  according  to 
the  following  equation: 

C,H,03 (C,^H^^O) ^  +  3H  O  +  Steapsin  =  C^H„0^ (C,  H,^^ ^.SH^O.St  = 

Intennediate  hypothetical  stage. 
CHO   +30    H    0-f Steapsin. 
Glycerol.         Stearic  acid. 
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Steapsin.  Origin. — The  steapsin  found  in  the  juice  is  formed  and 
stored  in  the  tissue  of  the  gland  from  which  it  is  secreted.  If  a  little 
piece  of  fresh  pancreas  is  placed  in  a  feebly  alkaline  NaHCOg  emulsion 
of  olive  oil  containing  blue  litmus,  it  will  be  seen  under  the  microscope 
that  very  quickly  the  piece  of  tissue  becomes  surrounded  by  a  red 
aureole  or  halo,  due  to  the  fatty  acid  set  free  from  the  fat.  The  piece  of 
tissue  may  be  put  mto  a  fat  emulsion  in  gelatin  colored  as  above.  The 
lipase  causes  the  gelatin  to  turn  red.  Pancreatic  tissue  differs  from  all 
other  tissues  in  this  property.  The  lipase  may  be  extracted  from  the 
gland  by  glycerine  or  by  water,  but  one  of  the  best  ways  is  by  the 
use  of  60  per  cent,  alcohol.  The  fresh  gland  shaken  with  alcohol  of 
this  concentration  gives  a  maximum  yield  of  lipase.  It  is  probable  that 
the  steapsin  is  formed  in  the  pancreas  itself.  It  is  supposed  to  be  formed 
by  the  acinary  cells,  but  decisive  experiments  in  this  regard  do  not  seem 
to  have  been  carried  out. 

Conditions  of  action  of  steapsin. — Pancreatic  juice  works  usually 
in  the  presence  of  bile  and  it  is  not  surprising,  therefore,  that  it  has 
been  found  that  the  addition  of  bile  greatly  increases  the  rate  of  split- 
ting of  fats  by  pancreatic  steapsin.  The  following  experiments  show 
this  fact :  The  figures  give  the  e.c.  of  N/10  NaOH  required  to  neutralize 
the  fatty  acid  formed  by  the  steapsin  from  the  neutral  fat  with  and 
without  bile.  The  results  also  show  the  relative  activity  of  glycerol 
extracts  filtered  or  not  filtered,  or  of  the  filter  residue,  and  of  suspensions 
of  the  gland.  The  extract  was  made  by  allowing  glycerol  to  stand 
14  days  on  pigs'  pancreas.    The  filtration  was  through  paper. 

C.c.  of  N/IO  NaOH  required  to  neutralize  equal  mixtures  of  oil  and  pancreatic 
extracts. 

Without  bile  With  bile 

Gland  suspension    10.9  c.c.  21.7  c.c. 

1st  filtrate    7.4  18.0 

Clear    filtrate     6.9  14.5 

Filter  residue  14.2  32.5 

In  the  presence  of  bile  the  amount  of  fatty  acid  formed  was  nearly 
doubled.  The  steapsin  does  not  easily  pass  through  a  porcelain  filter, 
at  least  the  first  filtrates  are  very  poor  in  lipase.  This  is  called  an 
adsorption  of  the  lipase  by  the  filter.  The  filter  soon  becomes  saturated, 
however,  and  thereafter  the  filtrate  has  a  normal  concentration  of  lipase. 
This  is  shown  in  the  following  experiment:  A  glycerol  extract  was 
made  by  extracting  an  alcohol-ether  extracted  pancreas  with  glycerol 
for  1-3  days.  100  c.c.  glycerol  was  added  to  1  gram  of  dried  pancreas. 
This  was  filtered  through  paper  until  clear.  The  acidity  was  tested  by 
taking  5  c.c.  of  the  glycerol  extract.  5  c.c.  of  a  1  per  cent,  solution  of 
Platner's  bile  and  .5  e.c.  of  olive  oil,  which  were  shaken  and  left  for  20 
hours.    Then  the  acidity  was  determined  by  titrating  with  N/10  NaOH 
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with  plienolphthalein  as  indicator.    The  c.c.  of  NaOK  required  were  tiu' 
following: 

1.  Filtered  rapidly  through  paper   , 34.1  c.c. 

2.  1st  filtrate  through  Chamberlain  filter   2.0 

.S.  2d  "  "  "  "       11.5 

4.  3d  "  "  "  "       32.5 

That  the  lipase  of  the  pancreas  differs  from  some  other  lipases  in 
shown  by  the  fact  (discovered  by  Rosenheim  and  Shaw  Mackenzie) 
that  it  attacks  normal  glycerides  very  much  better  than  the  lighter, 
normal  ethyl  butyrate.  It  is  apparently  made  of  two  parts.  If  it  be 
filtered  through  paper,  it  is  said  that  the  filtrate  is  inactive  and  the 
part  on  the  filter  paper  is  inactive.  If  they  are  reunited  they  become 
active.  The  eo-enzyme  is  heat  resistant,  dialyzable,  not  soluble  in  alcohol 
or  ether  and  its  activity  is  lost  on  incineration.  Sodium  chelate  acti- 
vates the  inactive  enzyme.  Glycerylphosphorie  acid  has  also  a  remark- 
able action  in  activating,  and  this  may  account  for  the  results  of  Hew- 
lett, who  ascribed  such  powers  to  lecithin. 

Steapsin  is  not  extracted  by  glycerine  diluted  with  water  from  the 
pancreas  which  has  previously  been  extracted  by  alcohol  and  ether  and 
dried. 

Inorganic  salts  do  not  increase,  but  instead  they  always  decrease  lipase 
activity,  unless  soaps  are  present  in  sufSeient  quantities  to  inhibit  the 
steapsin.  If  this  is  the  ease,  the  addition  of  salt  may  appear  to  stimulate 
the  action  (Hanisek).  The  action  is  very  dependent  on  the  degree  of  al- 
kalinity ;  the  digestion  goes  best  in  a  solution  very  faintly  alkaline  with  a 
hydrogen  ion  content  of  NX10~^,  it  is  very  poor  in  weak  acid  or  stronger 
alkali.  Cholesterol  diminishes  the  action  and  the  addition  of  hemolytic 
substances,  such  as  the  saponins,  hastens  the  action  of  the  lipase. 

The  favoring  action  of  bile  on  the  steapsin  is  not  explained.  It  will 
be  shown  when  discussing  the  bile  that  it  is  the  bile  salts  which  aid  the 
lipase.  One  explanation  of  the  manner  of  their  action  is  that  by  the 
addition  of  these  salts,  which  are  the  salts  of  weak  acids,  the  change  in 
acidity  is  reduced,  the  bile  acting  the  part  of  a  buffer  so  called,  a  sub- 
stance like  glycocoll  which  prevents  any  large  change  in  the  concentra- 
tion of  hydrogen  ions.  Were  this  the  whole  explanation  of  the  action 
of  bile  acids,  however,  sodium  acetate  or  sodium  phosphate  or  glycocoll 
should  act  as  well,  since  they  have  the  same  power  of  controlling  acidity. 
But  they  do  not  accelerate  lipase.  Bile  also  acts  by  aiding  the  emulsifi- 
cation  of  the  fat  in  the  manner  described  under  Bile,  page  412.  By  this 
means  the  surface  of  contact  between  the  fat  and  water  is  greatly 
increased,  which  has  the  effect  of  increasing  the  concentration  of  the 
fat.  Lipase  is  certainly  soluble  in  water  containing  glycerol  and  it 
either  dissolves  in  the  fat  or  unites  with  it,  concentrating  itself  in  the 
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layer  of  separation  of  fat  and  water.  It  probably  dissolves  in  the  fat, 
since  some  may  be  extracted  from  the  pancreas  by  ethyl  butyrate.  The 
Twitchell  process  of  hydrolysis  of  fats  in  soap  manufacture  makes  use 
of  a  sulfuric  fatty  acid  which  acts  much  as  an  artificial  lipose. 

Steapsin ;  its  manner  of  action. — Steapsin,  like  most  or  all  enzymes, 
becomes  more  resistant  to  heat,  light  and  other  reagents,  in  th^presence 
of  fat,  its  substrate.  It  may  be  inferred  from  this,  and  by  the  fact  that 
fat  will  extract  or  shake  it  from  water,  that  steapsin  unites  with  neutral 
fat.  The  most  probable  point  of  union  is  with  the  double-bonded  oxygen 
by  means  of  the  reserve  or  extra  valences  on  the  oxygen,  as  the  oxygen 
of  most  esters  is  quadrivalent.     This  union  protects  the  steapsin  from 

H  O  =1  Enzyme 

H-cIj-O— cj-  ( CH^ ) ,  — CH^ 
H— (i— 0— C—  ( CH^ )  jg— CH3 

1      *i 

n—6-o-c-  ( CH^ )  j,-cH^ 

Neutral  fat-enzyme  compound. 

toxic  influences.  It  leads  to  the  breaking  of  the  bond  between  glycerol 
and  fat  and  the  entrance  of  water.  The  action  is  hence  an  hydrolysis. 
Lipase  is  very  sensitive  to  acid  and  if  a  fresh  pancreas  is  extracted  with 
water  or  salt  and  then  treated  with  acid  (Pg=5.3)  the  lipase  is  de- 
stroyed, while  the  trypsin  is  most  stable. 

Action  of  pancreatic  juice  on  carbohydrates. — ^Pancreatic  juice, 
besides  its  emulsifying  and  splitting  action  on  fats,  has  a  very  powerful 
starch-dissolving  action.  It  has  an  amylolytic  power.  An  aqueous  or 
salt  extract  of  the  fresh  pancreas  of  any  vertebrate  when  added  to  a 
starch  solution  causes  an  almost  instantaneous  clearing  of  the  solution. 
Instead  of  being  opalescent,  the  starch  becomes  quite  transparent ;  there 
is  a  marked  fall  in  viscosity;  and,  if  the  solution  is  tested  by  Fehling's 
solution,  it  is  found  to  have  acquired  a  strong  reducing  actioji,  due  to 
the  appearance  of  maltose.  This  action  of  the  juice  is  lost  if  it  is  boiled ; 
and  a  very  small  amount  of  the  juice  is  able  at  ordinary  temperatures 
to  dissolve  and  digest  a  large  amount  of  starch.  We  say,  therefore, 
that  the  juice  contains  a  catalytic  agent,  or  enzyme,  which  converts 
starch  into  maltose.    The  enzyme  is  called  "  amylopsin." 

Pancreatic  juice  is  thus  in  most  carnivora,  in  which  the  saliva  has 
very  little  amylolytic  power,  the  most  important  agent  for  the  digestion 
of  starch,  or  of  glycogen  in  their  food.  The  course  of  the  digestion  is 
much  the  same  as  in  the  case  of  ptyalin,  but  differs  from  it  in  certain 
particulars.  The  digestion  goes  best  in  both  cases  in  very  weak  acid 
and  the  optimum  temperature  is  about  the  same  in  each.     Bile  and 
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duodenal  juice  appear  to  affect  the  amylolytic  action  of  the  juice  very 
little,  or  not  at  all.  The  starch  is  converted  into  various  dextrins,  and 
these  finally  into  maltose.  Pancreatic  amylopsin  differs  from  ptyalin 
in  the  fact  that  with  amylopsin  the  conversion  of  the  starch  into 
dextrin  goes  at  a  rate  relatively  greater  than  with  ptyalin  and  the  reduc- 
ing sugar  appears  more  slowly  than  with  ptyalin.  In  fact,  extracts 
of  the  pancreas  are  sometimes  found  which  convert  starch  into  soluble 
starch  and  dextrin  with  great  speed,  but  which  have  little  or  no  sac- 
charifying power.  For  these  reasons  many  observers  are  convinced  that 
there  are  at  least  two  different  enzymes  in  amylopsin  and  perhaps  in 
ptyalin,  one  an  amylase  which  converts  starch  into  dextrin,  and  one  or 
more  dextrinases  which  convert  dextrin  into  maltose.  These  two  enzymes 
are  generally  associated,  but  it  may  happen  that  they  may  exist  sepa- 
rately or  the  dextrinase  may  be  destroyed  wholly  or  partly,  leaving  the 
other  active.  Similar  facts  are  alleged  for  malt  diastase.  It  is  said  that 
by  heating  malt  diastase  with  CaSOi  solution  the  dextrinases  may  be 
largely,  or  completely,  destroyed,  while  the  amylases  remain,  and  this 
process  has  been  patented  for  its  application  to  brewing. 

The  pancreatic  amylopsin  is  apparently  the  source  of  most  of  the 
amylolytic  enzyme  of  the  blood  and  urine,  being  either  reabsorbed 
directly  from  the  gland  itself  or  from  the  intestine  after  secretion  into 
the  latter. 

If  dialyzed,  pancreatic  juice,  like  saliva,  entirely  loses  its  amylolytic 
action,  but  the  addition  of  salts  such  as  CaCla,  NaCl,  etc.,  to  the  juice 
restores  its  action  completely.  A  possible  explanation  of  this  fact  is 
that  the  active  principle  is  of  a  globulin-like  character  insoluble  in  dis- 
tilled water,  but  soluble  in  dilute  salt  solutions.  The  matter  needs  further 
investigation. 

Preparation  and  properties  of  amylopsin. — Very  active  preparations 
of  pancreatic  amylase  have  been  prepared  recently  by  the  following 
method  (Sherman  and  Schlesinger)  :  Mix  thoroughly  20  grams  of 
pancreatin  powder  with  200  c.c.  50  per  cent,  alcohol  at  15-20°.  Allow 
to  stand  5-10  minutes,  then  filter,  keeping  the  temperature  below  20°. 
It  takes  1-2  hours  to  filter.  Pour  the  filtrate  into  7  times  its  volume  of 
a  mixture  of  1  part  alcohol  to  4  parts  ether.  Within  10-15  minutes  the 
enzyme  separates  out  as  an  oily  solution.  Decant  supernatant  liquid. 
Dissolve  the  precipitate  in  the  smallest  amount  of  pure  water  at  a  tem- 
perature of  10-15°  C.  and  reprecipitate  at  once  by  pouring  into  5  vol- 
umes of  absolute  alcohol.  Allow  to  settle,  keeping  temperature  low; 
filter,  dissolve  in  200-250  c.c.  50  per  cent,  alcohol  containing  5  grams 
of  maltose.  Pour  solution  into  500  c.c.  collodion  sack  and  dialyze  against 
2,000  c.c.  50  per  cent,  alcohol  at  not  above  20°  C.  and  preferably  not 
below  15°.  Replace  dialyzate  twice  after  15  hours  and  a  second  period 
of  8-9  hours  with  fresh  50  per  cent,  alcohol.     Continue  dialysis  40-42 
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hours.  Filter.  Pour  clear  filtrate  into  an  equal  volume  of  1 :1  alcohol- 
ether  mixture.  Filter  in  cold  and  place  at  once  in  a  vacuum  desiccator. 
The  elementary  analysis  of  the  product  on  the  basis  that  P  was  an 
integral  part  of  the  molecule  was:  C,  51.9;  H,  6.6;  N,  15.3;  S,  1.0; 
P,  0.8;  0,  and  undetermined,  24.4.  The  substance  is  evidently  a  pro- 
tein. It  coagulates  on  heating  at  68-70°.  .000,002,5  gram  of  the  powder 
digested  5  c.c.  of  a  1  per  cent,  solution  of  Kahlbaum's  soluble  starch  to 
a  pure  wine-red  reaction  with  iodine  in  30  minutes  at  40°.  This  on 
Wohlgemuth 's  scale  DJJ  =2,000,000.  The  weight  of  the  starch  digested 
was  20,000  times  the  weight  of  the  enzyme.  It  later  digested  ,800^000 
times  its  own  weight  of  starch  in  30  hours  to  a  red  color,  and  in  72 
hours  to  the  achromatic  point.  It  formed  455,000  times  its  own  weight 
of  maltose.  In  strong  solutions  it  formed  glucose  as  well  as  maltose. 
It  acts  only  in  the  presence  of  electrolytes.  It  loses  activity  very  fast  on 
standing  in  pure  water  at  room  temperature,  45  per  cent,  activity  being 
lost  in  20  minutes.  This  preparation  was  not  pure.  It  was  more  active 
proteolytically  than  the  original  panereatin.  It  gave  all  the  typical 
protein  reactions,  biuret,  Millon,  xanthro-proteic  and  tryptophane.  After 
coagulation  the  coagulum  took  a  violet  color  in  the  biuret  test,  the  filtrate 
a  rose-red  color. 

The  pancreas  appears  not  only  to  cause  the  digestion  of  starch  by 
its  own  action,  but  it  seems  from  the  work  of  Roger  and  Simon  to  reac- 
tivate in  the  intestine  the  ptyalin  which  has  been  rendered  inactive  but 
not  destroyed  in  its  passage  through  the  stomach. 

Lactase  and  maltase. — The  pancreatic  juice  acts  also  in  children 
and  young  animals  on  lactose;  it  contains  a  lactase,  an  enzyme  which 
splits  lactose  by  the  addition  of  water  into  galactose  and  glucose.  This 
enzyme  is  absent  in  adult  animals,  except  those  like  human  beings  and 
pigs  which  continue  to  ingest  milk.  The  attempt  to  make  the  enzyme 
reappear  in  the  glands  of  adult  herbivorous  animals  which  do  not  nor- 
mally have  milk  by  feeding  milk  has  been  thus  far  a  failure.  Invertin 
has  sometimes  been  found  in  the  juice,  but  at  other  times  it  has  been 
missed.    It  appears  then  not  to  be  a  constant  constituent. 

Maltase,  which  converts  maltose  to  glucose,  is  also  present. 

Action  of  pancreatic  juice  on  proteins. — Not  only  does  pancreatic 
juice  act  upon  fats  and  carbohydrates  in  the  chyme,  but  it  also,  when 
mixed  with  duodenal  juice,  has  a  powerful  action  on  proteins,  although, 
as  secreted  from  the  duct,  it  has  very  little  action  on  proteins.  Unmixed 
with  succus  entericus  it  will  digest  casein,  but  not  coagulated  proteins. 
But  when  it  is  mixed  with  duodenal  or  jejunal  secretion,  the  mixture 
digests  nearly  all  proteins  at  a  very  rapid  rate  and  this  mixture  prac- 
tically completes  the  digestion  of  the  proteins  which  was  begun  by 
the  stomach.  Claude  Bernard  discovered  that  pancreatic  juice  would 
digest  some  proteins,  but  the  action  was  very  slow.    He  found  that  the 
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digestion  differed  from  the  peptic  digestion  in  two  particulars:  first, 
it  went  on  best  in  a  feebly  alkaline  medium  and  was  stopped  by  acid ; 
and,  second,  in  a  tryptic  digestion  the  digestive  mixture  in  a  day  or 
so  acquired  the  property  of  giving  a  violet  color  when  bromine  or 
chlorine  water  was  added  to  it.  He  found  no  other  secretion  which 
gave  this  reaction,  so  that  he  considered  it  unique  and  characteristic 
of  tryptic  digestion.  This  reaction  was  called,  therefore,  the  tryptophane 
reaction  (Gr.  trypsis,  a  rubbing;  phanos,  bright).  It  is  now  known 
to  be  due  to  the  formation  of  free  tryptophane,  indol-amino  propionic 
acid.  These  three  discoveries  of  Bernard's  were  fundamental:  first, 
that  pure  pancreatic  juice  was  a  weak  digestant  of  proteins;  second, 
that  it  worked  in  an  alkaline  medium;  and,  third,  that  by  it  other 
digestive  products  were  formed  than  by  peptic  digestion. 

After  this  work  by  Bernard  further  work  appeared  to  show  that  the 
action  on  proteins  was  very  intense.  Thus,  if  the  pancreas  be  dried, 
extracted  with  ether,  and  then  treated  first  with  salicylic  acid  solution 
for  24  hours  at  38°  C.  and  thereafter  by  NaoCO^  solution  by  Kiihne's 
method,  an  extract  very  active  on  proteins  was  obtained.  It  was  not 
until  1900  that  Bernard's  early  observations  were  cleared  up.  It  was 
found  that  the  pure  juice  has  indeed  a  weak  action  on  proteins,  as 
Bernard  observed,  but  that  if  it  is  mixed  with  only  a  small  amount  of 
duodenal  juice,  or  with  an  extract  of  the  intestinal  mucosa,  the  mixture 
becomes  extremely  powerful  and  digests  proteins,  even  coagulated  pro- 
teins, rapidly  and  so  completely  that  monoamino-acids  are  formed  and 
very  little  albumose  or  peptone  remains.  It  is  the  enterokinase  of  the 
intestine  which  acts  in  conjunction  with  the  pancreatic  juice  to  digest 
proteins.  The  active  principle  of  the  pancreatic  juice  thus  acting  on 
proteins  is  called  "  trypsin  "  (Gr.  trypsis,  a  rubbing ;  referring  to  method 
of  preparation).  It  is  probable  that  it  is  not  a  single  enzyme,  but  that 
there  are  at  least  two,  one  acting  on  the  complex  proteins,  for  which 
the  name  trypsin  may  be  retained,  and  the  other  of  an  ereptic  nature, 
acting  on  the  albumoses  and  some  natural  proteins  like  casein,  and  this 
might  be  called  "  pancreatic  erepsin."  It  is  probably  this  latter  which 
has  the  power  of  clotting  milk,  or  a  rennin  action,  in  the  absence  of 
intestinal  juice. 

Since  pancreatic  juice  is  inactive  as  it  is  secreted,  but  when  mixed 
with  intestinal  juice  digests  rapidly,  it  is  believed  that  trypsin  does  not 
exist  as  such  in  the  gland,  but  in  an  inactive  form  called  trypsinogen. 
It  is  ordinarily  stated  that  the  enterokinase  acts  by  activating  the 
trypsinogen  or  converting  it  into  trypsin.  It  is  well,  however,  to  bear 
in  mind  the  actual  facts,  rather  than  any  interpretation  of  them,  and 
the  facts  are  that  a  mixture  of  pancreatic  and  intestinal  juices  digests 
proteins  much  more  rapidly  than  either  juice  alone,  and  that  the  active 
principle  found  in  the  pancreas  is  called  trypsin  and  that  in  the  intes- 
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tine  is  called  enterokinaae.  But  exactly  how  they  support  each  the 
action  of  the  other,  cannot  be  stated  at  present  and  further  work  is 
required.  The  facts  at  present  known,  while  not  very  convincing,  indi- 
cate that  enterokinase  may  be  setting  trypsin  free  from  some  union 
in  which  it  is  inactive,  but  other  interpretations  than  this  are  possible. 
All  observations  on  the  digestive  power  of  pancreatic  juice  made  before 
the  discovery  of  the  role  of  enterokinase  have  to  be  interpreted  with 
this  fact  in  mind. 

It  is  generally  stated  that  digestion  by  the  pancreas  is  most  rapid 
in  the  presence  of  hydrogen  ions  of  a  concentration  of  Ph=8.1  or  in  a 
slightly  alkaline  medium  (.3  per  cent.  NajCOg).  It  is  a  singular  fact 
that,  if  this  is  true,  the  digestion  must  not  take  place  in  the  alimentary 
canal  under  optimum  conditions,  for  the  reaction  of  the  chjTne  is  often 
feebly  acid  to  litmus  for  a  considerable  distance  along  the  intestine.  It 
is  possible  that  there  are  two  or  more  enzymes  of  which  the  first,  tr>'psin, 
working  on  coagulated  protein,  may  be  most  active  in  a  feebly  alkaline 
medium,  whereas  the  action  on  the  albumoses  by  the  erepsin  may  be 
best  in  a  neutral  or  very  faintly  acid  medium.  This  is  a  matter  requiring 
further  work.  Rachford  states  that  the  bile,  and  particularly  the  chyme 
as  it  comes  from  the  stomach,  exerts  a  favorable  action  on  tryptic  diges- 
tion. He  collected  pancreatic  juice  from  the  pancreatic  duct  in  rabbits. 
From  his  results,  which  antedated  the  discovery  of  enterokinase,  it 
appears  that  the  digestion  is  at  an  optimum  under  the  conditions  of  the 
admixture  of  bile,  duodenal  juice  and  chyme  with  the  pancreatic  juice, 
such  a  mixture  as  exists  in  the  intestine.  The  experiments  made  by 
Abderhalden  and  others  on  the  digestion  of  artificial  polypeptides  have 
been  made  with  juice  containing  both  enzymes.  Furthermore,  natural, 
that  is  unactivated,  pancreatic  juice  will  hydrolyze  peptone,  casein  and 
fibrin  by  means  of  the  erepsin  it  contains.  Besides  enterokinase,  it  is 
maintained  by  Henri  that  pancreatic  juice  is  activated  also  by  calcium 
salts.  The  results  on  this  are,  however,  diverse  and  from  recent  work 
it  appears  that  calcium  hastens  the  action  of  trypsin  after  it  la 
formed  and  hastens  the  action  of  erepsin,  but  does  not  activate  tryp- 
sinogen.  The  explanation  of  the  action  of  the  salt  is,  however,  still 
largely  guesswork. 

Products  of  the  action  of  trypsin-enterokinase  on  proteins. — The 
digestion  of  the  natural  proteins  by  the  mixture  of  juices  in  the  duo- 
denum passes  through  much  the  same  stages  as  peptic  digestion,  except 
that  the  decomposition  of  the  peptones  and  albumoses  into  di-,  tri-  and 
mono-peptides  takes  place  very  much  more  rapidly  than  in  the  ease  of 
pepsin.  The  pancreas  has  an  ereptic  as  well  as  a  peptic  power.  As  a 
result,  if  the  digestive  mixture  is  examined  for  the  primary  proteoses, 
very  little  will  be  found  in  the  case  of  pancreatic  digestion  as  compared 
with  peptic.    Furthermore,  tyrosine,  leucine  and  other  amino-acids  are 
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produced  in  great  amounts  and  crystallize  out  of  the  digesting  mixture ; 
these  products  are  not  formed  by  peptic  digestion.  It  is  uncertain 
whether  these  are  produced  by  trypsin  or  by  erepsin.  No  method  of 
separating  these  enzymes  is  known. 

The  tryptic  digestion  differs,  on  the  other  hand,  from  the  autolytic 
digestions  of  organs,  that  is  from  their  self-digestion,  in  that  little 
ammonia  is  formed  in  the  course  of  tryptic  digestion,  whereas  much 
is  produced  in  autolysis.  This,  as  has  been  pointed  out,  has 
the  teleological  explanation  that  ucids  set  free  in  cells  autolytic 
ferments  and  these  form  ammonia  to  neutralize  the  acid.  There 
is  no  doubt  that  a  good  deal  of  ammonia  is  produced  either  by 
the  action  of  digestive  ferments  or  by  the  bacteria  in  the  course  of 
intestinal  digestion,  for  the  mucosa  of  the  intestine  contains  much 
ammonia. 

The  digestion  by  trypsin-enterokinase  does  not,  however,  reduce  all 
the  polypeptides  to  amino-acids.  There  still  remains  in  a  trypsin  diges- 
tion mixture  a  considerable  number  of  carboxyl-amino  linkages,  since 
if  a  tryptic  digestive  mixture  is  titrated  with  formol  in  the  Sorensen 
method  before  and  after  hydrolysis  with  acid,  it  is  found  that  the  num- 
ber of  free  amino  groups  is  considerably  increased  by  the  action  of  the 
acid,  showing  that  some  NH-CO  linkages  had  not  been  split  by  the 
trypsin-enterokinase.  This  final  step  in  the  reduction  of  the  proteins 
to  the  simplest  building  stones,  the  amino-acids,  is  brought  about  by  the 
enzyme,  erepsin,  found  in  nearly  all  tissues,  but  in  larger  amounts  in 
the  intestinal  mucosa  and  to  some  extent  in  the  intestinal  juice.  Trypsin 
is,  however,  able  to  break  many  amino-carboxyl  linkings,  or,  at  least, 
activated  pancreatic  juice  is  able  to  do  this,  as  is  shown  by  the  work 
of  Abderhalden  and  his  colleagues.  They  found  the  artificial  poly  pep- 
tides were  digested  or  not  digested  by  this  mixture  as  shown  inthe  table 
on  page  404. 

Whether  the  splitting  was  due  to  the  trypsin-enterokinase  or  to  the 
erepsin  in  the  juice  could  not  be  positively  stated.  An  examination 
of  the  appended  list  shows  that  the  property  of  being  digested  by  this 
mixture  of  enzymes  depends  on  several  properties  of  the  molecule.  In 
the  first  place  (A)  it  depends  on  the  structure  of  the  molecule.  Thus 
alanyl-glycine  is  hydrolyzed,  but  glycyl -alanine  is  not  hydrolyzed; 
d-alahyl-1-leucine  is  digested,  but  alanyl-leucine  (B) ,  which  was  probably 
1-alanyl-l-leucine  plus  d-alanyl-d-leueine,  was  not  digested.  The  first 
peptide  contains  those  active  amino-acids  found  in  nature.  1-leucyl-l- 
leucine,  the  natural  leucine,  is  digested,  while  1-leucyl-d-leucine  and 
d-leucyl-l-leucine  are  not  split.  Dakin  found,  too,  recently  that  casein 
and  other  proteins  which  have  been  racemized  by  dilute  alkali  are  no 
longer  digested  by  trypsin. 
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Abtificial  Polypeptides  llYDEOi.yzED  ajsd  hot  Hydboltzed  by  Pube  Activated 
Pancbeatic  Juice  (Fischer  and  Abderhalden). 

Hydrolyzed  Not  hydrolyzed 

(r)   Alanyl-glycine  Glycyl-alanine 

(r)   Alaiijl-alanine  Glycyl-glyeine 

(r)   Alaiiyl-leuciiie  (A)  Alanyl-leucine    (B) 

(r)   Leucyl-isosuriue   (A)  Leucyl-alaiiine 

Glyoyl-tyiusiMe  Leueyl-glycine 

Lcucyl-l-tyrosine  Leucyl-leucine 

(r)   Alaiiyl-glycyl-glycine  Aminobutyryl-glycine 

(r)   Glycyl-lL'Ucyl-alanine  Aminobiityryl-aminobutyric  acid  (B) 

(r)   Leueyl-glyeylglycme  Aminobiityryl-aminobutyric  acid  (A) 

Dialanyl-cyatine  Glycyl-phenylalanine 

(r)   Alanyl-k'ueyl-glycine  Valyl -glycine 

Pileucyl-cystine  Diglycyl-glycine 

Tetraglycyl-glyeine  Triglycyl-glycine 

Triglycyl-glycine  ester  (Biuret  base)      Dileucyl-glycyl-glycine 

d-alanyl-(l-alanine  d-alanyl-l-alanine 

d-alanyl-l-Ieucine  1-alanyl-l-alanine 

d-alanyl-1-tyrosine  l-luucyl-glycine 

I-leucyl- 1- leucine  1-leucyl-d-leueine 

1-leucyl-d-glutamic  acid  d-leucyl-1-Ieucine 

1-leucyll-tyrosine 

1-prolyl-l-phenylalanine 

d-alanyl-diglycyl-glyclne 

Peptides  marked  with  an  r  are  the  racemie  compounds. 

In  the  second  place  (B)  the  power  of  being  digested  depends  on  the 
number  of  amino-acids  present  in  the  chain.  Thus  the  tetraglycyl- 
glyeine  containing  five  glycine  radicles  was  digested,  while  the  diglycyl- 
glycine  containing  three  was  not  digested. 

Different  proteolytic  enzymes  show  quite  different  powers  of  hydro- 
lyzing  the  different  polypeptides,  and  the  enzymes  may  be  distinguished 
from  each  other  in  this  way.  It  is  besides  in  the  highest  degree  signifi- 
cant that  the  enzymes  found  in  the  same  organs  in  different  kinds  of 
animals  show  different  digestive  powers,  and  wide  differences  exist 
between  the  different  organs  of  the  same  animal  in  its  power  of  hydro- 
lyzing  these  artificial  polypeptides.  Pepsin  will  not  digest  any  arti- 
ficial polypeptide.  Fischer  has  suggested  that  this  is  because  it  has  not 
yet  been  tried  on  a  sufficiently  long  chain,  but  it  may  be  due  to  other 
reasons.  The  various  autolytic  enzymes,  or  proteoclastic  enzymes  as  they 
are  also  called,  show  very  marked  differences.  But  in  general  their 
powers  of  decomposition  are  greater  than  those  of  the  pancreatic  juice. 
Thus  glycyl-glyeine  is  hydrolyzed  by  the  liver  and  muscle  juice  of  the 
ox,  rabbit,  dog  and  by  kidney  press  juice,  but  not  by  the  serum  or  plasma 
of  the  horse.  Ox  plasma  digests  glycyl-dl-alanine,  but  not  glycyl-1- 
tyrosine.  In  general,  it  may  be  said  that  when  the  racemie  polypeptides 
are  digested  the  naturally-occurring,  optically-active,  isomers  are  the 
ones  digested  and  not  their  optical  antipodes.  Many  of  these  peptides 
are  split  if  injected  directly  into  the  blppd  of  animals.    Sometimes  both 
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the  d  and  1-  forms  are  utilized,  but  one  better  than  the  other.  In  such 
cases  it  is  possible  that  racemization  is  first  produced,  and  the  natural 
substance  then  consumed.  Often  the  unnatural  antipode  is  excreted 
more  or  less  completely. 

Sometimes  when  a  tripeptide  is  exposed  to  pancreatic  juice  or  other 
enzyme  one  of  the  amino-acids  is  split  off  very  quickly,  the  other  two 
being  separated  very  much  more  slowly;  or  again,  it  may  happen  that 
one  enzyme  breaks  the  chain  in  one  point  while  another  breaks  it  at 
another,  just  as  happens  in  the  polysaccharides.  In  the  tripep- 
tide 1-leueyl-glycyl-d-alanine,  the  proteases  in  yeast  and  saliva  split 
this  into  leucine  and  the  dipeptide  glyeyl-d-alanine ;  while  pancreatic 
juice  splits  off  d-alanine,  leaving  the  dipeptide  1-leueyl-glycine. 
Other  examples  have  been  studied  by  Koelker  and  Abderhalden. 
By  this  means  differences  between  different  proteases  may  be 
detected. 

Law  of  the  rate  of  tryptic  digestion. — For  the  relation  between  the 
rate  of  proteolysis  by  trypsin  and  the  amount  of  the  enzyme  present  the 
same  facts  have  been  found  as  have  been  noted  under  pepsin.  If  the 
protein  is  in  solution,  if  for  example  it  be  gelatin,  there  is  an  inverse 
simple  proportionality  between  the  amount  of  enzyme  and  the  time 
required  to  digest  to  the  point  of  liquefaction.  That  is,  dx/dt= 
KG  levmenf  Or  log  (A/(A— X))=KC  ferment  t.  lu  the  gclatiu  experi- 
ment log  (A/ (A — X))  is  constant.  If,  however,  the  determination  is 
made  by  Mett's  tubes,  values  .are  obtained  which  are  fairly  in  agreement 
with  the  Schiitz-Borissow  laiw,  according  to  which  the  amount  digested  in 
a  certain  time  is  proportional  to  the  square  root  of  the  amount  of  enzyme. 
Finally  if  fibrin  colored  blue  with  "  spritblau  "  is  the  substrate,  and 
the  reaction  is  followed  by  the  depth  of  color  of  the  solution,  the  same 
law  is  found  as  Griitzner  found  for  peptic  digestion  under  similar  con- 
ditions :  namely,  that  X,  the  amount  digested,  =KCf|j.„jenf  The  amount 
digested  is  proportional  to  the  two-thirds  power  of  the  concentration  of 
the  ferment  (Palladin).  Both  of  the  latter  relations  are  purely 
empirical. 

Pancreatic  juice  dialyzed  against  water  loses  all  its  tryptic  power,  but 
it  retains  its  ereptic  power.  It  cannot  then  be  activated  by  the  addition 
of  kinase.  Kinase  does  not,  then,  hasten  the  ereptic  action  of  dialyzed 
juice,  nor  will  it'  activate  trypsinogen  in  the  absence  of  salts.  Possibly 
trypsin  is  rendered  insoluble  by  the  dialysis,  behaving  as  if  it  were  a 
globulin.  These  experiments  show  that  the  juice  contains  at  least  two 
enzymes. 

Pancreatic  nuclease. — Common  foodstuffs  generally  contain  nucleic 
acid.  This  is  not  digested  by  proteolytic  enzymes.  There  is  in  the  pan- 
^l-pJitif  .inire  a  nuclease  which  acts  on  the  nucleic  acids  of  the  foods  an<J 
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reduces  them  probably  to  phosphoric  acid,  nuelein  bases  and  carbo- 
hydrate. Prom  the  pig's  pancreas  (but  the  juice  was  not  examined) 
Jones  extracted  a  nuclease  (tetranucleotidase)  which  had  the  property 
of  splitting  guanylic  acid  from  yeast  nucleic  acid.  The  investigations 
of  London  show  that  nucleins  are  digested  after  reaching  this  portion 
of  the  intestine,  and  it  is  probable  that  this  enzyme  of  the  pancreas  is 
the  active  principle.  It  is  not  impossible  that  the  presence  of  guanylic 
acid  in  the  pancreas,  and  presumably  outside  the  nucleus,  may  be  cor- 
related with  the  presence  of  this  enzyme.  It  is  possible  that  the  nuclease 
is  in  union  with  the  guanylic  acid  of  the  gland  which  thus  serves  as  a 
colloidal,  non-digestible  substrate. 

Pancreatic  juice.  Summary. — The  digestive  action  of  the  pancreatic 
juice  may  be  summed  up  as  follows:  When  mixed  with  bile  and  intes- 
tinal juice  it  very  rapidly  splits  by  hydrolysis  and  emulsifies  fats;  it 
reduces  starches,  dextrins  and  glycogen  to  maltose  and  glucose;  it 
inverts  cane  sugar,  at  times,  and  in  young  animals  it  has  the 
power  of  converting  lactose  into  glucose  and  galactose;  it  attacks 
the  partially  digested  peptones,  albumoses,  etc.,  of  the  chyme,  very 
quickly  hydrolyzing  them  into  di-  and  tri-peptides  and  crystalline 
amino-acids  which  do  not  give  the  biuret  reaction;  it  digests  nucleic 
acid. 

Pancreatic  juice  mixed  with  bile  and  intestinal  juice  often  regurgi- 
tates into  the  stomach,  as  was  mentioned  when  digestion  in  that  organ 
was  discussed.  By  stimulating  this  regurgitation  it  is  possible  to  obtain 
samples  for  clinical  examination.  Boldyreff  recommends  the  following 
method:  The  person  should  have  eaten  the  day  before  only  a  small 
amount  of  easily  digested  food.  The  following  morning  200  c.c.  of  olive 
oil  containing  2  per  cent,  oleic  acid  is  given  on  an  empty  stomach.  After 
l-iy2  hours  the  stomach  is  emptied  with  a  stomach  tube.  The  contents 
settle  in  an  oily  upper  layer  and  a  watery  lower  layer.  The  latter  is 
often  alkaline  in  reaction  and  slightly  brown  in  color.  This  can  be 
tested  for  its  tryptic  activity  by  making  slightly  alkaline  with  sodium 
bicarbonate  and  adding  fibrin.  To  see  if  it  has  pepsin  it  may  be  exam- 
ined in  acid  solution.  Digestion  in  the  alkaline  solution  indicates  the 
presence  of  pancreatic  juice.  The  juice  may  also  be  investigated  for  its 
other  pancreatic  ferments. 

THE  BILE. — The  third  of  the  juices  co-operating  in  daodenal  diges- 
tion is  the  bile.  The  bile,  or  gall,  the  external  secretion  of  the  liver,  made 
two  (black  bile  and  yellow  bile)  of  the  four  cardinal  humors  of  Hip- 
pocrates. It  early  attracted  the  attention  of  physicians  and  laity  alike, 
partly  because  its  formation  was  apparently  the  only  function  of  one  of 
the  largest  organs  of  the  body,  the  liver ;  partly  because  of  its  green  or 
fifolden  color  and  viscidity;  partly  because  of  its  extremely  bitter  taste 
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and  the  yellow  appearance  of  the  skin  and  whites  of  the  eyes  when  its 
outflow  from  the  gall  bladder  was  blocked;  and  partly  because  of  the 
formation  of  gall  stones  and  the  extreme  pain  of  their  expulsion  from 
the  gall  bladder.  But  while  curiosity  was  very  early  excited  as  to  the 
functions  of  this  liquid,  its  real  function  has  become  known  only  within 
the  past  half  century,  and  indeed  it  is  still  probably  very  imperfectly 
known.  Its  composition,  also,  is  in  many  important  particulars  still 
obscure  and  there  can  be  little  doubt  that  many  valuable  discoveries 
remain  to  be  made  concerning  its  composition,  function,  formation  and 
secretion. 

The  bile  in  human  beings  as  it  flows  from  a  temporary  biliary  fistula 
is  generally  of  a  clear,  golden  yellow  or  brownish  yellow  color,  but  it 
is  sometimes  an  olive  green ;  it  is  very  bitter  and  has  a  slimy  consistence. 
The  bile  taken  from  the  gall  bladder  after  death  is  generally  of  a 
brownish  green  color,  and  is  more  viscid,  containing  more  solids  and 
more  phosphoprotein  (false  mucin)  than  that  flowing  from  a  tempo- 
rary fistula.  The  viscidity  of  the  bile  is  a  matter  of  importance,  for  the 
reason  that  the  bile  is  secreted  under  so  small  a  secretory  pressure  that 
the  viscous  bile  may  offer  such  a  resistance  as  to  block  wholly  or  partially 
its  outflow;  and  under  these  circumstances  reabsorption  takes  place 
through  the  lymph  vessels,  leading  to  the  appearance  of  bile  pigment 
in  the  fluids  and  tissues  of  the  body,  and  the  excretions,  and  to  the  con- 
dition of  icterus  (Greek,  ikteros,  jaundice)  or  jaundice.  The  color  o^ 
bile  is  generally  yellow  brown,  but  it  may  be  green  in  its  fresh  state. 
If  green,  it  readily  changes  by  reduction,  which  may  be  produced  by 
putrefactive  changes  or  by  the  walls  of  the  gall  bladder,  or  possibly  even 
by  internal  changes  in  the  bile  itself,  into  a  reddish  or  golden  brown. 
The  freezing  point  of  human  bile  is  just  about  that  of  the  blood,  i.e., 
— 0.55°  to  — 0.61°  C,  so  that  its  osmotic  pressure  is  about  the  same  or 
possibly  a  little  greater  than  that  of  the  blood.  In  this  respect  the  bile 
differs  from  most  other  secretions  which  generally  have  a  freezing  point 
above  that  of  the  blood.    Its  specific  gravity  is  1.026. 

Composition. — The  composition  of  the  bile  is  different  in  every 
species  of  animal  examined,  but  all,  or  nearly  all,  biles  contain  three 
characteristic  and  very  important  substances:  1.  The  bile  pigments; 
2.  the  bile  salts ;  and  3,  cholesterol.  The  bile  salts  vary  with  the  species. 
In  the  elasmobranch  fishes  they  differ  widely  from  those  present  in 
most  animals.  Most,  if  not  all,  biles  contain  also  some  phosphatide 
(phospholipin). 

Human  bile  has  been  obtained  for  analysis  either  from  biliary  fistulas 
or  from  the  gall  bladder  of  recently  executed  criminals  or  persons  dead 
by  accident.  The  composition  is  indicated  in  the  table.  Bile  is  generally 
neutral  or  faintly  alkaline  in  reaction  to  litmus. 
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COMPOSITION  OF  THE  BILE. 
Bladder  Bile.     Sp.  gr.  1.027. 

Frerichs  v.  Gorup  -  Besanez 

Water   86.00  85.92  82.27  89.81 

Solids    14.00  14.08  17.73  10.19 

Bile  salts   7.22  9.14  10.79           .5.65 

Mucin  and  pigments   2.66  2.98  2.21           1.145 

Cholesterol   0.16  0.26  4.73           3.09 

Fat    0.32  0.92 

Inorganic    0.65  0.77  1.08          0.62 

Fistula  Bile   ( Hammarsten ) .     Sp.  gr.  1.012. 

Water    97.48  96.47  97.46 

Solids     2.52  3.53  2.54 

Bile  salts    0.93  1.82  0.90 

Taurocholate 0.30  0.21  0.22 

Glycocholate   0.63  1.61  0.68 

Fatty  acids  0.12  0.14  0.10 

Mucin  and  pigments 0.53  0.43  0.52 

Cholesterol    0.06  0.16  0.15 

Lecithin  +  Fat     0.02  0.096  0.06 

Soluble  salts 0.81  0.68  0.73 

Insoluble  salts   0.025  0.05  0.02 

The  composition  of  bile  flowing  from  a  biliary  fistula  differs  consid- 
erably from  that  of  bile  taken  from  the  gall  bladder.  The  fistula  bile 
is  less  concentrated  the  more  completely  the  bile  has  been  cut  off  from 
the  intestine.  Thus  bile  from  a  complete  fistula  in  a  woman  was  found 
by  Pfaff  and  Balch  to  contain  only  3  per  cent,  of  total  solids,  and  Ham- 
marsten found  similar  figures;  whereas  bile  from  the  gall  bladder  con- 
tains from  10-20  per  cent,  of  total  solids.  Moreover,  of  the  total  solids 
of  fistula  bile  30-50  per  cent,  are  inorganic,  whereas  in  human  bladder 
bile  only  about  6  per  cent,  are  inorganic.  The  freezing  point  of  the 
bladder  and  of  the  fistula  bile  does  not  greatly  differ,  although  that  of 
the  bladder  bile  is  somewhat  lower.  The  reason  for  this  is  that  some 
of  the  organic  constituents  of  the  bladder  bile  are  probably  in  colloidal 
solution,  so  that  they  do  not  much  affect  the  freezing  point.  The  greater 
concentration  of  the  bladder  bile  is  generally  ascribed  to  a  reabsorption 
of  water  in  the  gall  bladder,  but  there  is  little  evidence  of  this.  It  is 
more  probably  due  in  part  to  the  fact  that  some  of  the  organic  matters, 
mucin,  phosphoprotein  and  possibly  some  cholesterol,  are  added  during 
the  stay  of  the  bile  in  the  bladder,  but  it  is  chiefiy  due  to  the  fact  that 
when,  the  bile  is  diverted  from  the  intestine,  as  it  is  in  most  fistulas, 
there  is  no  reabsorption  of  the  bile  and  hence  the  bile  salts  are  not 
re-excreted  as  they  normally  are. 

Secretion  of  bile. — The  bile  is  poured  into  the  duodenum  in  man 
about  4-5  inches  below  the  pylorus  through. the  ductus  choledochus.  This 
duct  opens  very  close  to  or  in  conjunction  with  one  of  the  pancreatio 
ducts  (Wirsung's),  so  that  these  two  secretions  are  intimatel.y  mixed 
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as  they  are  poured  out  into  the  acid  chyme  coming  from  the  stomach. 
They  are  also  mixed  with  the  duodenal  juice,  and  it  has  been  fotibd 
that  these  three  secretions  mutually  interact  with  each  other  and  with 
the  chyme  and  together  form  a  digestive  fluid  very  powerful  and  capable 
of  digesting  and  dissolving  all  classes  of  foodstuffs. 

The  amount,  character  and  time  relations  of  the  bile  secretion  can 
be  studied  by  means  of  a  fistula,  either  temporary  or  permanent.  In  a 
permanent  fistula  the  gall  bladder  is  opened,  brought  where  possible  to 
the  surface,  drained  and  fastened  in  the  skin  in  such  a  way  that  an 
opening  persists  to  the  exterior.  If  it  is  desired  to  block  completely  all 
flow  of  bile  into  the  intestine,  it  is  necessary  to  resect  a  portion  of  the 
common  bile  duet  (ductus  choledochus) ,  and  even  then  the  connection 
with  the  intestine  may  in  time  be  re-established,  so  great  are  the  repara- 
tive powers  of  animal  tissues.  As  a  rule,  however,  this  connection  is 
not  re-established  and  the  bile  passes  altogether  to  the  exterior.  If  no 
resection  of  the  duct  is  practised,  some  of  the  bile  may  continue  to  find 
its  way  into  the  intestine,  and  in  human  beings  and  dogs,  if  no  means 
are  taken  to  prevent  it,  the  external  opening  will  ultimately  close  and 
normal  connections  with  the  intestine  will  be  re-established.  The  method 
usually  employed  in  making  such  fistulas  in  dogs  is  that  of  Dastre.  Such 
temporary  fistulas  are  not  uncommon  in  human  beings  following  opera- 
tions for  gall  stones,  or  for  infection  of  the  gall  bladder. 

The  secretion  of  bile  from  such  a  fistula  is  found  to  be  continuous, 
but  by  no  means  uniform.  It  is  indeed  subject  to  wide  fluctuations  in 
amount  during  the  twenty-four  hours,  and  the  causes  of  these  fluctua- 
tions are  still  quite  obscure.  While  the  formation  of  the  bile  and  its 
flow  from  the  fistula  are  thus  continuous,  the  flow  from  the  ductus 
choledochus  into  the  intestine  is  intermittent,  at  least  in  those  animals 
provided  with  a  gall  bladder,  and  occurs  only  when  acid  chyme  is  dis- 
charged from  the  pylorus  into  the  intestine.  The  irregularity  of  the 
secretion  of  the  bile  from  a  fistula  is  illustrated  in  the  following  figures 
which  give  the  secretion  from  a  biliarj'  fistula  in  a  woman  in  the  Massa- 
chusetts General  Hospital,  as  recorded  by  Pf aff  and  Balch : 


8  a.m. 

-  2  p.m. 

149  c.c. 

2  p.m. 

-  S  p.m. 

84 

8  p.m. 

-2  a.m. 

96 

2  a.m. 

-  8  a.m. 

136 

8  a.m. 

-2  p.m. 

170 

2  p.m. 

-  8  p.m. 

129 

8  p.m. 

-2  a.m. 

70 

2  a.m. 

-  S  a.m. 

l05 

The  hourly  secretion  is  subject  to  a  wide  diurnal  variation,  being 
least  in  the  hours  of  the  early  morning  from  2-5  a.m.,  rising  rapidly 
after  this  time  and  cillminating,  as  a  rule,  about  1-3  p.m.,  thereafter 
decreasing  with  some  fluctuations.    It  thus  runs  a  course  not  very  dif- 
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ferent  from  the  body  temperature,  which  is  at  a  minimum  about  3-5 
A.M.  and  at  a  maximum  about  4-5  p.m.  Other  functions  of  the  body  also 
show  such  a  diurnal  or  rhythmic  variation.  Similar  variations  in  the 
flow  of  bile  from  a  human  fistula  have  been  reported  also  by  others. 
There  are,  besides  the  main  variations  in  flow  already  mentioned,  other 
variations  apparently  related  in  some  way,  not  at  present  clear,  to 
digestion.  Thus  in  the  case  of  Pfaff  and  Baleh  the  great  rise  in  the  early 
morning  coincided  with  breakfast  and  the  next  great  rise  with  dinner, 
but  sometimes  the  rise  came  before  and  sometimes  after  dinner,  an  hour 
or  more,  and  the  maximum  outflow  was  not  coincident  with  any  ascer- 
tainable phase  of  digestion.  In  another  ease  the  flow  often  showed  a 
remarkable  fall  immediately  after  a  meal,  particularly  at  the  time  of 
afternoon  tea,  and  the  authors  suggested  that  possibly  this  sharp  fall 
might  be  due  to  closure  of  the  pylorus  following  the  taking  of  food,  thus 
diminishing  the  discharge  of  acid  into  the  intestine  and  so  reducing  the 
stimulation  by  the  secretin  formed  when  acid  is  discharged.  The  flow 
from  a  dog's  fistula  shows  somewhat  similar  variations. 

Amount  of  bile  secreted  per  day. — The  amount  of  bile  secreted  per 
day  by  a  human  being  is  very  difficult  to  estimate  with  any  accuracy. 
Pfaff  and  Balch  report  in  their  case  a  secretion  of  525  c.c.  per  day,  and 
similar  results  have  been  reported  by  others.  These  figures,  however, 
while  they  may  give  us  some  idea  of  the  amount  secreted,  are  not  to  be 
taken  as  a  certain  index  of  the  amount  normally  produced,  since  they 
are  all  of  them  from  permanent  fistulas.  It  has  been  shown  that,  if 
bile  is  poured  into  the  intestine,  the  secretion  is  increased  both  in  con- 
centration and  amount.  In  these  cases  no  bile  was  finding  entrance  to 
the  intestine,  and  hence  this  would  tend  to  diminish  the  secretion.  On 
the  other  hand,  the  acid  of  the  chyme  acts  as  a  stimulus  to  the  formation 
and  the  discharge  of  bile  from  the  liver.  Now  in  the  absence  of  the  bile 
it  is  possible  that  the  acid  chyme  remains  acid  for  a  longer  time  than 
normal  and  thus  acts  as  a  stimulus  for  a  longer  time.  The  absence  of 
the  bile  in  this  way  might  act  as  a  stimulus  to  the  formation  of  more 
bile  than  usual.  It  is  hence  impossible  to  say  whether  550  c.c.  per  day 
represents  the  secretion  of  bile  in  the  human  adult  or  not,  but  it  is 
probable  that  in  health  and  when  the  bile  finds  its  way  into  the  intestine 
the  excretion  is  larger  rather  than  smaller  than  this. 

The  amount  of  the  bile  formed  is  dependent  also  on  various  other 
factors,  particularly  on  diet.  There  is  a  general  consensus  of  opinion 
of  all  investigators  that  the  secretion  of  bile  is  at  a  maximum  on  a 
meat  diet  and  at  a  minimum  on  a  carbohydrate  diet.  After  hemorrhage 
the  amount  and  solids  of  the  bile  are  both  reduced.  Drinking  water 
does  not  apparently  influence  the  secretion.  In  Starvation  the  bile  con- 
tinues to  be  formed,  in  dogs  at  least,  up  to  the  moment  of  death,  and  it 
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does  not  materially  change  its  composition,  although  it  decreases  in 
amount.    The  following  experiment  of  Albertoni  shows  this  fact: 

Bile  Secketed  on  Successive  Days  of  Fasting  by  a  Doq.    Wt.  21  kgs. 


I)av8  of 

Prcph  bile- 

Dry  hile— 

N 

Bile  dry— 

N— 

fast 

grams 

gratuB 

per  cent. 

per  cent. 

1 

74.75 

3.45 

0.115 

4.61 

0.153 

2 

40.65 

3.34 

0.118 

8.21 

0.290 

3 

31.25 

2.48 

0.08 

7.90 

0.256 

5 

40.25 

2.10 

0.123 

5.21 

0.305 

10 

33.25 

2.01 

0.080 

0.04 

0.240 

17 

23.00 

2.11 

0.079 

9.1! 

0.343 

21 

25.00 

3.05 

0.120 

12.2 

0.480 

23 

24.05 

1.75 

0.073 

7.20 

0.303 

27 

16.00 

1.37 

0.260 

8.50 

1.625  Died. 

Functions  of  the  bile. — If  the  bile  is  cut  off  from  the  intestine  anu 
drained  to  the  outside  by  a  fistula,  very  serious  disturbances  of  digestioi  i 
follow.  In  dogs  and  human  beings  the  feces  lose  their  color,  they  becomn 
clay-colored;  they  increase  greatly  in  amount  and  become  very  fatty 
if  fat  is  taken  in  the  food ;  constipation  generally  occurs ;  and  the  odor 
of  the  feces  is  very  strong  and  offensive,  putrefaction  evidently  being 
very  marked.  At  the  same  time,  although  the  person  or  dog  may  eat 
voraciously,  there  is  a  constant  loss  of  weight,  and  dogs,  at  any  rate, 
die  in  extreme  emaciation  in  the  course  of  four  or  five  weeks,  if  they  ba 
prevented  from  licking  the  fistula  and  thus  swallowing  their  own  bile. 
Both  human  beings  and  dogs  acquire  a  distaste  for  fats  if  the  bile  is  cut 
off  from  the  intestine  and  will  not  willingly  eat  fatty  food. 

The  changes  just  described  show  that  the  absence  of  the  bile  is 
followed  particularly  by  a  failure  to  absorb  fat,  but  the  reabsorption 
of  other  foodstuffs,  proteins  as  well,  is  also  diminished.  The  direct 
examination  of  the  bile  shows  that  it  has  itself  either  no  power  of  diges- 
tion at  all  or  but  slight  action  on  either  fats,  starches  or  proteins.  It  is 
true  that  human  bile  is  said  to  have  some  solvent  action  on  fibrin  but  not 
on  coagulated  egg  white ;  but  on  the  whole  the  bile  itself  does  not  contain 
digestive  enzymes.  It  has,  however,  very  remarkable  powers  of  aiding 
the  digestive  action  of  the  pancreatic  and  intestinal  juices  and  in  helping 
the  absorption  of  fats. 

The  power  of  the  bile  to  aid  the  digestion  of  fats  by  the  pancreas 
was  observed  by  Claude  Bernard,  who  clearly  recognized  the  importance 
of  the  co-operation  of  the  bile,  pancreatic  and  duodenal  juice  in  diges- 
tion. It  was  particularly  studied  by  Eachford,  who  found  that  the 
power  of  the  pancreatic  juice  of  splitting  fats  was  increased  two  to  three 
times  if  bile  were  present  in  the  digestive  mixture,  and  it  has  been 
recently  reinvestigated  by  von  Fiirth  and  Schiitz,  who  found  that  the 
addition  of  5  c.e.  of  bile  to  20  c.c.  neutralized  olive-oil  emulsion  contain 
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ing  steapsin  increased  the  amount  of  fatty  acid  formed  from  5-10  times 
over  that  formed  by  the  steapsin  alone. 

Rachford  did  not  find  any  accelerating  action  of  the  bile  on  amylase, 
but  he  thought  that  the  digestion  of  proteins  was  accelerated.  Other 
observers  failed  to  find  any  accelerating  action  of  bile  on  tryptic  diges- 
tion, so  that  the  matter  has  been  uncertain,  but  recently  this  work  has 
been  repeated  with  pancreatic  juice  and  bile  from  permanent  fistulas 
of  dogs.  No  accelerating  action  on  the  protein  digestion  of  pancreatic 
juice  and  intestinal  juice  was  observed,  but  there  was  a  slight  favoring 
action  on  amylopsin. 

The  substance  in  the  bile  which  thus  accelerates  the  fat-splitting 
action  of  the  pancreas  was  found  by  Rachford  to  be  the  bile  salts, 
sodium  taurocholate  and  glycocholate,  which  were  almost  as  favorable 
as  the  bile  itself.  Hewlett,  who  repeated  his  experiments,  attributed  the 
action  of  the  bile  to  the  lecithin  it  contained  rather  than  to  the  bile' 
salts.  Hammarsten  has  recently  shown  that  human  bile  has  a  very 
large  amount  of  lecithin,  or  other  phospholipin,  in  it,  so  that  Hewlett's 
results  seemed  not  unlikely,  but  von  Fiirth  and  Schiitz  in  re-examining 
the  whole  matter  and  using  synthetic  bile  salts,  so  as  to  exclude  the 
possibility  of  the  presence  of  lecithin  as  an  impurity  in  the  salts,  have 
shown  that  the  whole  power  of  the  bile  is  due  to  the  bile  salts  and  that 
sodium  cholate  acts  as  well  as  the  glycocholate  or  taurocholate. 

Circulation  of  the  bile.  Role  in  absorption. — But  not  only  do  the 
bile  salts  thus  play  a  very  important  part  in  the  digestion  of  fats ;  they 
play  a  not  less  important  and  certainly  a  very  illuminating  role  in  the 
absorption  of  fats.  In  the  absence  of  bile  the  fatty  matter  in  the  feces 
is  found  to  have  been  split  into  fatty  acids,  but  these  have  not  been 
absorbed.  It  might  be,  of  course,  that  in  the  absence  of  the  bile  this 
splitting  took  place  too  far  down  the  intestine  for  absorption  to  occur 
and  the  bile  might  by  accelerating  the  splitting  cause  it  to  occur  so  far 
up  in  the  gut  that  absorption  could  take  place ;  but  whether  this  is  true 
or  not,  there  can  be  no  doubt  that  in  quite  another  way  bile  influences 
absorption,  if  indeed  it  does  not  play  the  major  role  in  the  mechanism 
of  absorption.  When  fats  are  being  digested  and  absorbed,  all  the  lymph 
vessels  leading  from  the  intestine  across  the  mesentery  to  the  receptacu- 
lum  chylii  and  so  to  the  thoracic  duct  are  filled  with  a  white  milky  lymph 
called  chyle ;  and  it  is  by  this  path  mainly,  and  not  by  the  portal  circula- 
tion, that  the  fats  are  absorbed.  Now,  if  the  bile  is  cut  off  from  the  intes- 
tine of  a  dog  and  fat  is  fed  the  chyliferous  vessels  no  longer  are  white, 
but  filled  with  a  lymph  not  more  than  opalescent.  Evidently  in  the 
absence  of  bile  fat  does  not  pass  into  the  chyle  vessels.  Furthermore, 
it  is  not  absorbed  even  if  it  is  given  in  the  form  of  a  soap,  or  as  a 
fatty  acid. 
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A  further  study  of  the  manner  in  which  bile  affects  the  absorption 
has  led  to  the  discovery  that  bile  is  able  to  dissolve  large  amounts  of 
fatty  acids.  Oleic  acid  is  the  more  soluble  in  bile,  but  palmitic,  stearic 
as  well,  acids  which  are  quite  insoluble  in  water,  are  soluble  in  bile. 
This  solvent  power  of  the  bile  for  fatty  acid  is  due  at  least  in  large 
measure  to  the  bile  salts.  The  probability  is  that  the  fatty  acids  form  a 
loose  union  either  with  their  amino  groups  or  in  some  other  way,  pos- 
siblj"^  by  cohesion.  One  or  more  molecules  of  fatty  acid  are  perhaps  thus 
united  to  the  one  molecule  chemically  bound  to  the  bile  salt.  The 
fatty  acids  embark  as  it  were  on  molecules  of  glycocholate  and  taurocho- 
late  and  by  this  means  they  are  ferried  across  the  cell  membranes  and 
into  the  lymph  channels.  The  bile  salts  thus  reabsorbed  are  thrown  into 
the  blood,  carried  to  the  liver  and  are  there  re-excreted.  There  is  thus 
a  circulation  of  bile  salts  from  the  gall  bladder  to  the  intestine  and  from 
the  intestine  to  the  blood,  by  which  they  are  carried  to  the  liver  and 
re-excreted.  Each  molecule  of  bile  salt  can  thus  function,  theoretically 
at  least,  over  and  over  again. 

The  circulation  of  the  bile  was  first  particularly  emphasized  by 
Schiff,  although  its  possible  occurrence  had  been  suggested  before  that 
by  Liebig.  Schiff  observed  that  the  flow  of  bile  from  a  biliary  fistula 
was  greatly  increased,  and  in  particular  the  bile  solids  were  increased 
when  bile  was  put  into  the  intestine.  He  was  struck  by  the  fact  that 
when  a  fistula  is  first  made  the  bile  flowing  from  it  is  far  more  con- 
centrated than  that  coming  after  six  hours  or  more.  This  decline  in 
total  solids  and  amount  of  bile  and  the  immediate  increase  of  both  when 
bile  was  admitted  to  the  intestine  led  him  to  conclude  that  the  bile,  or 
at  least  the  bile  salts,  were  reabsorbed  and  re-excreted  and  thus  circu- 
lated. This  fact  has  been  established  by  subsequent  observation,  and 
particularly  by  the  observations  of  Stadelmann,  who  found  nearly  the 
whole  of  the  bile  salts  put  directly  into  the  intestine  were  re-excreted. 
How  impossible  it  is  for  any  process  of  diffusion  to  explain  secretion 
is  shown  by  this  excretion  of  bile  salts  which  are  picked  out  from  the 
blood,  where  they  exist  in  the  smallest  proportions,  and  carried  through 
the  liver  cells  and  into  the  bile,  where  their  concentration  is  many  thou- 
sand times  as  great  as  that  in  the  blood. 

Influence  of  bile  on  intestinal  putrefaction. — ^Bile  has  a  marked 
influence  in  reducing  intestinal  putrefaction  and  in  stimulating  peri- 
stalsis. It  was  at  first  thought  that  it  must  have  antiseptic  properties,  but 
bile  is  itself  easily  putrescible,  at  least  as  long  as  it  contains  mucin. 
In  fact,  bile  is  a  fair  culture  medium  and  it  not  infrequently  happens 
that  the  gall  bladder  becomes  infected,  as  in  typhoid  fever,  and  con- 
tinues to  serve  as  a  permanent  culture  medium,  constantly  feeding 
bacteria  into  the  intestine.    The  role  of  the  bile  in  reducing  putrefaction 
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is,  hence,  probably  an  indirect  one ;  by  stimulating  digestion  and  aiding 
absorption  it  prevents  the  accumulation  of  putreseible  materials,  and 
by  its  peristaltic  stimulating  powers  it  sweeps  the  bacteria  out  of  the 
body  and  prevents  constipation.    Bile  is,  in  fact,  a  natural  laxative. 

Summary  of  the  functions  of  the  bile. — The  bile  plays  a  very  impor- 
tant part  in  the  digestion  and  absorption  of  the  foods.  While  of  itself 
it  has  little  digestive  action,  it  stimulates  greatly  the  digestion  of  the 
fats  by  steapsin  and  other  lipases,  and  it  holds  in  solution  the  fatty  acids 
set  free.  By  its  alkalinity  and  because  the  bile  salts,  the  taurocholate 
and  glycocholate  and  other  similar  salts,  are  salts  of  weak  acids,  it  helps 
neutralize  the  acidity  of  chyme  and  so  makes  a  favorable  medium  for 
the  action  of  trypsin  and  amylopsin.  Even  more  important  is  its  role 
in  absorption,  since  in  its  absence  absorption  is  much  reduced.  The  fatty 
acids  combine  chemically  or  physically  with  the  bile  acids  and  the  com- 
bination passes  into  the  intestinal  epithelial  cells  with  ease.  The  bile 
salts  are  then  freed  from  the  fatty  acids  and  carried  to  the  liver,  where 
they  are  re-excreted,  thus  forming  a  circulation  of  the  bile.  By  stimu- 
lating peristalsis  and  absorption,  putrefaction  is  much  reduced.  Bile 
is  a  natural  laxative. 

Bile  acts  also  as  a  channel  for  excretion  of  various  substances. 
Cholesterol  is  excreted  in  the  bile  and  bile  is  the  only  fluid  of  the  body 
which  will  dissolve  this  substance.  In  addition  the  bile  pigments  appear 
to  be  purely  excretory  substances  formed  by  the  decomposition  of  the 
blood  pigment.  So  far  as  known  they  play  no  part  in  the  physiology  of 
the  bowel.  Other  substances  may  also  appear  in  the  bile,  such  as  toxins 
or  metallic  poisons  of  various  kinds. 

With  this  statement  of  function  we  may  now  consider  the  chemistry 
of  the  various  constituents  of  the  bile,  the  pigments,  salts,  lipins  and 
mucin,  and  the  manner  and  place  of  their  origin. 

Chemistry  of  the  bile  pigments. — The  peculiar  color  of  the  bile  is 
due  to  several  pigments,  of  which  the  most  important  is  bilirubin,  which 
is  the  mother  substance  of  most  of  the  others.  This  is  the  pigment  which 
gives  the  golden  red  color  to  bile ;  it  is  easily  converted  by  oxidation  into 
a  green  pigment,  biliverdin ;  and  by  further  oxidation  it  is  converted  into 
a  series  of  colored  substances,  of  which  bilicyanin,  a  blue  pigment,  may 
be  particularly  mentioned.  By  reduction  it  probably  forms  urobilinogen, 
a  pigment  of  the  urine.  Bilirubin  is  derived  from  the  hemoglobin  of 
the  blood,  and  the  amount  of  bilirubin,  or  the  other  pigments  derived 
from  it,  in  the  bile  may  be  increased  by  any  means  which  causes  laking 
of  the  red  blood  corpuscles  and  frees  hemoglobin  in  the  blood. 

Bilirubin. — The  chemical  composition  of  bilirubin  is  still  uncertain. 
It  is  a  crystalline,  organic,  iron-free  compound,  of  which  the  formula  is 
either  Cj^HsgN.Oo  or  more  probably  Cg.H^oN.Oe,  according  to  Willstaet- 
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ter.    The  last  formula  makes  bilirubin  isomeric  with  hematoporphyrin. 

It  yields  on  oxidation  hematic  acid,  CgHgNO^ ;  on  reduction  with  hydri- 

odic  acid,  zinc  or  other  reducing  agents  it  yields  hemopyrrol.    This  latter 

substance  is  a  mixture  of  substituted  pyrrols  from  which  there  have 

been  isolated  methyl,  ethyl  pyrrol  and  2,  3-dimethyl,  4-ethyl  pyrrol. 

CH^-C-C-C^H^  CH^-C-C-C^H 

II       II  II       II 

H  — C      C  — CH  CH  — C      C  — CH 

3  8  3 

V  V 

Dimethyl-ethyl-pyrrol.  Phyllopyrrol. 

Bilirubin  is  an  acid  and  in  the  soluble  form  is  present  as  the  sodium  salt. 
It  probably  contains  four  substituted  pyrrol  nuclei.  The  way  they  are 
put  together  is  uncertain.  The  following  formulas  have  been  suggested 
for  hematoporphyrin,  and  also  of  bilirubin,  by  Willstaetter  and  Fischer, 
although  other  formulas  also  have  been  proposed.  This  will  serve  to 
indicate  the  general  nature  of  the  compound. 

CH^  =  CH— C  — C— CH^  CH^— C  — C— CH  =  CH^ 
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COOH— CH^— CH^— C!  —  C— CH^  CH^— C  —  C— CH^— CH^— COOH 

Formula  of  bilirubin  suggested  by  Fischer  and  Rose,  C^^H^^N^O^ 
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Possible  formula  of  hematoporphyrin,  C,„H    N  O  . 

The  acid  character  and  the  substituted  pyrrol  nuclei  are  to  be  seen 
in  this  formula.  In  their  chemical  nature,  then,  the  bile  pigments  are 
clearly  oxidation  products  of  hematin,  the  colored  constituent  of 
hemoglobin.      Oxidation   products   similar  to   those   of  bilirubin    and 
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hematin  are  obtained  from  chlorophyll ;  all  three  yield  hematic  acid,  and 
the  two  latter  and  mesobilirubin  yield  methyl-ethyl-maleie  imide. 

COOH— CH  — CH  — C  =  C— CH  CH  — CH  — C  =  C— CH. 

2  2  3  3  2  S 

0  =  C     C  =  0  o==u     c  =  o 

\/  \/ 

NH  NH 

Hematic  acid.  Methyl-ethyl-maleic-imide. 

In  every  spot  of  extravasated  blood  ("  black  and  blue  spot  ")  this 
conversion  of  hematin  into  pigments  analogous  to,  or  identical  with,  the 
bile  pigments  may  be  seen.  Pyrrol,  which  thus  forms  so  important  a 
part  of  the  molecule  of  the  pigments  of  bile,  blood,  urine  and  chlorophyll, 
is  found  in  the  protein  molecule  in  tryptophane,  and  in  the  reduced 
form  in  proline. 

Properties  and  preparation  of  iilirubin.  Amorphous  reddish-brown 
powder,  or  reddish-yellow  or  brown  crystals.  Crystallizes  readily  from 
chloroform  solution  by  evaporation  of  the  solvent.  Long  needles.  Insolu- 
ble in  water ;  soluble  in  warm  chloroform,  but  with  difficulty  in  cold ;  more 
soluble  in  alcohol ;  very  slightly  soluble  in  benzene,  ether,  amyl  alcohol  or 
glycerol.  Soluble  in  dilute  alkalies.  The  alkali  salts  are  insoluble  in 
chloroform.  The  solutions  show  no  absorption  bands.  Solutions  of 
bilirubin  in  dilute  alkali  are  precipitated  by  milk  of  lime.  An  aqueous 
solution  of  alkali  salt  of  bilirubin  treated  with  ammonia  and  then  with 
some  zinc  chloride  becomes  first  deep  orange,  which  changes  to  brownish 
green  and  finally  green.  The  solution  then  shows  absorption  bands  close 
to  the  C  line  and  between  C  and  D. 

Bilirubin  is  most  easily  prepared  from  gall  stones  of  cattle.  The 
stones  are  powdered  and  extracted  successively  with  ether,  boiling  water, 
10  per  cent,  acetic  acid,  alcohol  and  hot  glacial  acetic  acid.  By  these 
extractions  cholesterol,  bile  salts,  mineral  constituents,  green  coloring 
matter,  choleprasin  are  removed.  The  residue  is  washed  with  water, 
dried  and  extracted  with  boiling  chloroform.  The  bilirubin  crystal- 
lizes out  of  the  chloroform  on  cooling.  It  may  be  recrystallized  from 
hot  chloroform  or  from  hot  dimethylaniline. 

The  reactions  by  which  bilirubin  may  be  detected,  namely,  those  of 
Ehrlich,  Gmelin,  Huppert  and  others,  are  described  on  page  916. 

Biliverdin. — Bilirubin  in  an  alkaline  solution  has  the  property  of 
antooxidation.  If  spread  out  in  a  thin  layer  in  the  air,  it  changes  to 
a  green  pigment  which  is  often  present  in  the  bile,  known  as  biliverdin. 
The  composition  of  this  substance  is  probably  Cg3H3sN,0».  It  does  not 
crystallize.  By  further  oxidation  with  nitric  acid,  or  bromine  water, 
it  develops  the  series  of  colors  noted  for  bilirubin.  At  times,  in  infants, 
especiallv  in  certain  diarrheas,  biliverdin  may  color  the  feces  a  bright 
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green.  Biliverdin  may  also  be  formed  from  bilirubin  by  gentle  oxida- 
tion by  sodium  peroxide,  or  by  Hiibl's  solution. 

Biliverdin  was  found  by  MaeMunn  in  the  mesoderm  of  a  sea- 
anemone  (Actinia  mesembryanthenum  (?)).  It  is  a  significant  fact 
that  biliverdin,  which  contains  no  iron,  combines  spontaneously  with 
oxygen  and  gives  it  up  again  almost  as  readily  as  oxyhemoglobin. 

Properties.  Amorphous.  Soluble  in  alcohol,  glacial  acetic  acid, 
dilute  alkalies;  insoluble  in  water,  ether,  chloroform.  The  alkali  salt 
is  precipitated  by  heavy  metals  and  alkaline  earth  salts.  By  reduction 
by  putrefaction,  or  ammonium  sulphide,  it  is  converted  back  to  bilirubin. 
By  reduction  with  sodium  amalgam  it  is  converted  into  hydrobilirubin. 

Urobilin,  stercobilin,  hemibilirubin  and  hydrobilirubin. — The  bile 
pigments  do  not  usually  occur  in  the  feces  and  urine,  although  they  may 
at  times  be  found  there.  The  brown  color  of  the  feces  is  due  to  a  reduced 
bilirubin  called  stercobilin  or  urobilin.  These  two  are  probably  identical. 
Urobilinogen  is  one  of  the  important  coloring  matters  of  the  urine.  It 
disappears  from  the  urine  when  the  bile  is  prevented  from  entering  the 
intestine.  It  is  probably  formed  from  bilirubin  by  the  reducing  action 
of  the  bacteria  of  the  gut.  It  is  to  be  found  also  in  blood  serum  and  in 
bile  itself.  The  composition  of  urobilin,  or  stercobilin,  is  still  uncertain, 
for  it  is  an  amorphous  body  and  it  is  impossible  to  know  whether  it  has 
been  prepared  in  a  pure  state.  It  is  preceded  in  the  urine  by  a  uro- 
iilinogen,  a  substance  which  is  converted  into  urobilin  by  the  action  of 
the  oxygen  of  air.  According  to  Fischer  and  Meyer-Betz,  there  are  at 
least  two  of  these  urobilinogens:  namely,  hemibilirubin,  to  which  they 
ascribe  the  formula  C33H4iN^08,  and  an  unknown  substance.  By  the 
reduction  of  bilirubin  by  sodium  alagam  a  series  of  substances  are 
obtained  which  resemble  urobilin,  but  which  are  less  stable.  Among 
the  reduction  substances  thus  formed  may  be  mentioned  hydrobilirubin, 
which,  according  to  Maly,  has  the  formula  C32H40N4O7.  This  formula 
calls  for  9.8  per  cent,  of  N.  According  to  Garrod  and  Hopkins,  how- 
ever, urobilin  as  isolated  by  their  method  contained  but  4.11  per  cent, 
of  N.  The  relation  of  these  bodies  is,  therefore,  stUl  uncertain.  Accord- 
ing to  Thudiehum,  urobilinogen  is  but  a  mixture  of  decomposition  prod- 
ucts of  urochrome ;  the  hydrobilirubin  of  Maly  he  believed  to  be  entirely 
different  from  urobilin.  It  is  possible  that  what  is  known  as  urobilin  is 
a  mixture  of  various  pyrrol  derivatives,  since  all  of  the  unstable  pyrrols 
show  color  reactions  such  as  the  Ehrlich  reaction  and  the  fluorescence 
characteristic  of  urobilin. 

Properties.  Urobilin  is  soluble  in  water,  but  may  be  salted  out  by 
saturating  its  solution  with  ammonium  sulphate.  It  is  an  amorphous, 
brownish  substance  which  in  dilute  solution  is  reddish  yellow  or  rose  red, 
but  is  nearly  colorless  if  slightly  acid.  It  is  distinguished  by  two  proper- 
ties: if  a  solution  is  made  faintly  ammoniacal  and  sufficient  ZnClg  is 
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added,  the  solution  acquires  a  beautiful  green  fluorescence.  In  trans- 
mitted light  it  is  a  reddish  color.  Even  very  dUute  solutions  may  be 
detected  by  this  property.  The  other  means  of  distinguishing  urobilin 
is  by  the  absorption  spectrum.  In  a  strong  solution  the  light  is  ab- 
sorbed from  the  violet  end  right  up  to  Frauenhof er  line  b ;  but  in  a  more 
dilute  solution  there  is  a  well-defined  band  between  b  and  F.  If  ZnClj 
is  added  to  the  solution,  another  band  appears  between  b  and  F,  but 
nearer  b  than  the  former.  Since  urine  has  no  absorption  bands  it  is 
clear  that  urobilin  does  not  normally  occur  in  it,  but  that  some  precursor, 
urochrome  according  to  Thudichum,  or  urobilinogen,  is  the  urinary 
pigment.  Urobilin  has  the  property  of  giving  the  Bhrlich  reaction: 
that  is,  a  brilliant  red  color  on  the  addition  of  a  little  p-dimethylamino 
benzaldehyde  to  the  acid  solution.  This  reaction  is  given  not  only  by 
urobilin,  but  by  hemopyrrol  and  all  pyrrols  having  an  unsubstituted  H 
atom  on  one  of  the  carbon  atoms  of  the  ring  (Fischer  and  Meyer-Betz). 
Urobilin  is  soluble  in  CHCI3  and  in  acid  alcohol.  The  method  of  sepa- 
rating it  from  the  urine  is  given  on  page  765.  Urobilinogen  is  said  to 
give  the  biuret  reaction. 

Cholehematin. — ^Besides  the  pigments  belonging  to  the  bUe,  other 
pigments  of  an  extraneous  nature  are  sometimes  found  in  it.  Thus  in 
herbivorous  animals  such  as  the  rabbit,  ox,  hippopotamus,  horse  or  goat, 
when  fed  on  green  fodder,  the  bile  often  contains  a  red  pigment  with 
very  characteristic  absorption  bands  called  by  its  discoverer,  MacMunn, 
cholehematin.  The  absorption  bands  are  the  following :  Band  1,  — A638 ; 
band  2,  X  604—582 ;  3,  ;i  570—558 ;  4,  X  530—515.  There  are  two  bands 
in  the  ultra  violet.  This  substance  is  not  a  true  bile  pigment,  but  is 
derived  from  the  chlorophyll  the  animal  has  eaten.  This  red  pigment, 
phyll&erythrm,  as  it  is  called,  is  found  in  the  feces  of  cows.  It  is  derived 
in  some  manner  from  chlorophyll,  presumably  by  the  action  of  the  bac- 
teria of  the  intestine;  it  is  absorbed,  carried  in  the  blood  to  the  liver 
and  there  execreted  in  the  bile.  If  cattle  are  fed  on  dry  fodder,  the  color 
disappears  from  the  bile  and  from  the  feces.  This  fact  illustrates  again 
that  the  bile  is  not  only  a  secretion,  but  an  excretion,  and  toxins  and 
poisons  absorbed  from  the  intestine  may  be  excreted  in  it.  Cholehematin 
is  identical  with  bilipurpurin.  It  is  extracted  from  the  fresh  feces  of 
cattle  fed  on  green  grass.  The  solution  in  chloroform  is  cherry  red.  It 
is  a  weak  base,  insoluble  in  alkali.  It  is  changed  by  HCl  to  a  blue  violet. 
It  would  be  better  to  call  it  phylloerythrin.- 

Where  are  the  bile  pigments  made? — Does  the  liver  make  the  bile 
or  does  it  simply  secrete  it  from  the  blood  as  the  kidney  secretes  urine  ? 
This  question  has  been  answered  by  seeing  whether  bile  pigment  and 
bile  salts  will  accumulate  in  the  blood  after  the  liver  has  been  cut  out 
of  the  circulation.  If  the  bile  duct  is  tied,  bile  pigments  and  other  salts 
accumulate  in  the  blood  of  mammals  and  birds  so  rapidly  that  they  may 
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be  easily  detected  in  the  blood  serum  after  four  to  six  hours.  Now  if  the 
blood  vessels,  the  portal  vein  and  the  hepatic  artery  are  tied  no  such 
accumulation  occurs,  although  animals  may  live  6  to  18  hours  after 
the  operation.  Moreover,  under  such  circumstances  the  bile  pigments  do 
not  appear  in  the  urine.  In  birds  the  liver  may  be  extirpated,  leaving 
only  very  small  remnants  about  the  vena  cava,  since  in  these  animals 
a  connection  exists  between  the  portal  and  kidney  veins,  by  which  the 
blood  may  return  from  the  intestine  into  the  general  circulation.  In 
birds,  geese,  ducks  and  hens,  Minkowski  and  Naunyn  found  that  there 
was  no  jaundice,  nor  did  any  bile  salts  appear  in  the  urine,  although 
the  birds  lived  in  some  instances  in  a  fairly  good  state  for  12-19  hours 
after  the  operation.  It  is  then  clear  that  normally  bile  pigments  and 
salts  are  formed  in  the  liver  itself,  although  every  black  and  blue  spot 
in  a  bruise  shows  that  the  bile  pigments  may  be  formed  from  extravasated 
blood  in  almost  any  location  in  the  body. 

The  raw  material  from  which  the  liver  makes  the  bile  pigments  is 
the  blood  pigment,  hemoglobin.  Bilirubin  and  hemato-porphyrin  are 
isomeric  substances.  The  direct  transformation  of  hematin  of  blood 
hemoglobin  into  bile  pigments,  bilirubin  and  biliverdin,  is  shown  by 
the  fact  that  any  means  which  leads  to  the  setting  free  of  hemoglobin 
in  the  blood  causes  an  increase  in  the  bile  pigments  excreted.  Thus 
inhalation  of  arseniureted  hydrogen  causes  a  great  hemolysis,  even 
leading  to  hemoglobinuria ;  and  injections  of  toluylendiamine  produce  the 
same  result.  Bile  secretion  is  greatly  increased  in  animals  poisoned  by 
these  substances.  Injection  of  hemoglobin  itself  has  a  similar  effect. 
Moreover,  liver  pulp  rapidly  destroys  hemoglobin  and,  although  it  does 
not  convert  it  into  bilirubin,  it  is  believed  to  make  it  into  an  antecedent 
of  bilirubin.  Microscopic  examination  of  the  liver  shows  the  various 
steps  in  this  transformation. 

Transformation  of  hemoglobin  into  bile  pigments. — ^We  may  now 
ask  the  question  of  the  chemistry  and  method  of  the  transformation  of 
the  blood  into  the  bile  pigments.  The  red  blood  corpuscles  are  con- 
stantly being  formed  in  the  cells  of  the  red  marrow  of  bones.  It  is 
clear,  therefore,  that  they  must  somewhere  be  broken  down  and  done 
away  with  or  they  would  accumulate  in  the  blood.  All  that  is  known 
indicates  that  it  is  in  the  liver  that  this  destruction  takes  place,  at  least 
in  the  birds  and  amphibia,  but  that  in  mammals  the  spleen  also  plays 
an  important,  and  perhaps  the  more  important,  role.  The  destruction  of 
corpuscles  in  the  liver  cannot  be  demonstrated  by  the  simple  and  direct 
expedient  of  counting  the  corpuscles  in  the  portal  and  hepatic  bloods. 
Counts  of  this  sort  reveal  no  appreciable  differences  between  the  blood 
entering  and  leaving  the  liver,  nor  is  it  to  be  expected  that  they  would, 
since  so  rapid  is  the  blood  flow  through  this  organ  and  so  large  is  it, 
that  in  any  single  passage  of  tlife  blood  but  a  very  few  corpuscles  can 


420  PHYSIOLOGICAL    CHEMISTRY 

possibly  succumb.  Nevertheless,  there  is  good  reason  to  believe  that 
they  do  thus  die  and  degenerate  in  the  liver  tissue  of  both  birds  and 
amphibia,  since  both  normally  and  when  their  decomposition  is  accel- 
erated by  blood  poisons,  such  as  those  just  mentioned,  the  process  of 
decomposition  is  easily  demonstrable  by  the  microscope.  Minkowski  and 
Naunyn  have  particularly  studied  these  processes  in  bird's  liver  and  in 
rabbits  after  poisoning  with  arseniureted  hydrogen,  and  Keyes  has 
recently  shown  the  same  processes  in  normal  livers  of  birds  and  amphibia. 
There  are  many  questions  which  naturally  arise  in  our  minds  as  we 
approach  this  problem.  Does  the  liver  secrete  into  the  blood  a  sub- 
slance  hemolytic  in  nature,  which  is  not  sufficient  in  amount  to  dissolve 
all  the  corpuscles  but  only  the  weakest  ones?  And  does  this  hemolytic 
substance  cause  a  discharge  of  the  hemoglobin  into  the  plasma  of  the 
blood  from  which  the  liver  cells  pick  it  up  1  or  are  the  corpuscles  engulfed 
as  such  by  some  of  the  phagocytic  cells  of  the  liver  which  by  intracellular 
action  destroy  the  corpuscles?  If  part  of  the  hemoglobin  is  made  into 
bilirubin,  what  becomes  of  the  rest  of  the  corpuscle?  There  are  in  the 
liver  two  quite  distinct  tissues:  the  endothelium  of  the  blood  vessels  and 
the  glandular  tissue.  Are  both  of  these  tissues  or  only  one  of  them 
important  factors  in  the  production  of  bile  from  blood?  While  these 
questions  cannot  as  yet  be  fully  answered,  certain  facts  have  been 
discovered. 

The  endothelium  of  the  blood  vessels  constitutes  a  great  organ  extend 
ing  everywhere  in  the  body,  for  which  no  function  has  as  yet  been  found 
beyond  that  of  serving  as  the  lining  of  a  tubular  conduit  of  the  blood. 
Is  this  its  only  function?  or  is  it  concerned  also  in  the  elaboration  of 
the  constituents  of  the  blood ;  of  its  proteins,  plasma  and  blood  cells  ?  Or 
does  it  play  an  important  part  in  the  regulation  of  the  composition  of 
the  blood  and  the  determination  of  the  viscosity  of  the  blood  in  the 
capillaries  by  the  production  of  substances  which  act  upon  the  colloids 
of  the  plasma,  affecting  frictional  resistance?  We  cannot  as  yet  answer 
these  questions,  for  we  know  neither  where  the  blood  proteins  arise  nor 
the  functions  of  the  capillary  endothelium.  One  thing,  however,  is  clear 
and  that  is  that  these  capillary  cells  must  certainly  play  an  important 
part  in  the  control  of  lymph  formation,  to  which  they  sta.nd  somewhat 
in  the  same  relation  as  the  glomerular  cells  of  the  kidney  to  urine  forma- 
tion. They  are  also  endowed,  in  certain  regions  at  least,  with  phagocytic 
powers  and,  indeed,  it  has  recently  been  shown  that  the  giant  phagocyte 
cells  found  in  tissues  arise  from  the  capillary  endothelium.  This  phago- 
cytic function  is  shown  to  a  pre-eminent  degree  b.y  the  endothelium  of 
the  liver.  Here  and  there  in  the  liver  these  cells  increase  in  size  and 
when  large  are  called  Kupfer  cells.  These  endothelial  cells  engulf 
bacteria.  They  also,  according  to  Keyes,  and  as  may  be  seen  in  the 
drawings  of  Minkowski  and  Naunyn,  engulf  the  red  blood  corpuscles 
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in  birds  and  amphibia.  One  of  these  cells  may  take  up  many  of  these 
eorpuseles  which  can  be  distinguished  after  engulfment  by  their  outline 
and  by  the  chromatin  material,  since  the  corpuscles  of  these  forms  are 
nucleated.  These  engulfed  corpuscles  go  to  pieces  and  may  be  seen  witli 
out  their  hemoglobin  here  and  there  in  the  Kupfer  cells,  and  in  cas« 
the  destruction  of  the  corpuscles  is  intense,  a  bright-green  pigment, 
possibly  allied  to  or  identical  with  biliverdin,  may  be  seen  in  them.  At 
the  same  time  the  hemoglobin  appears  in  the  endothelial  cells  as  masses 
of  brown  pigment.  Similar  masses  appear  shortly  after  in  the  liver  cells 
proper  and  at  the  same  time  the  cell  body,  particularly  along  the  bile 
capillaries,  becomes  filled  with  fine  brown  granules,  which  stain  a  deep 
blue  in  potassium  f  errocyanide,  or  brownish  black  in  ammonium  sulphide, 
showing  that  they  contain  iron.  This  iron  has  been  set  free  from  the 
hematin. 

In  the  mammalian  liver  this  phagocytic  role  of  the  endothelial  cells 
has  not  been  definitely  established,  but  similar  phagocytic  cells  were 
described  in  the  finest  capillaries  in  rabbit's  liver  after  the  injection 
of  blood  poisons  by  Minkowski  and  Naunyn.  These  cells  were 
present,  however,  in  mammals  in  much  smaller  numbers  than  in  the 
bird's  liver.  There  is  also  an  accumulating  mass  of  evidence  that  in 
rnammals  the  spleen  probably  plays  an  important  part  in  the  destruc- 
tion of  the  corpuscles.  Cells  like  those  phagocytic  cells  of  the  liver  are 
found  in  numbers  in  the  spleen  containing  engulfed  corpuscles,  and 
recent  surgical  work  indicates  that  the  spleen  is  active,  in  some  patho- 
logical conditions  at  any  rate,  in  blood  destruction.  Some  kinds  of 
anemia  have  been  improved  by  extirpation  of  the  spleen.  If,  however, 
the  blood  corpuscles  are  destroyed  in  the  spleen,  this  cannot  be  the  only 
place  of  their  destruction,  since  the  taking  out  of  the  spleen  does  not 
check  the  formation  of  bile  in  the  normal  animal,  and  the  fact  that  bile 
pigments  do  not  accumulate  in  the  blood  after  an  Eck  fistula  and  ligation 
of  the  iiepatie  artery  also  shows  that,  if  the  spleen  is  active,  only  the 
first  stage  of  the  process  can  be  taking  place  in  that  organ.  The  ques- 
tion of  the  destruction  of  the  red  corpuscles  in  mammals  is,  thus,  in  a 
very  unsatisfactory  state  and  more  work  must  be  done  before  definite 
conclusions  concerning  this  very  important  question  can  be  drawn. 

All  the  evidence,  however,  points  to  the  conclusion  that  the  hemo- 
globin is  not  first  discharged  from  the  corpuscle  in  the  blood  stream 
and  is  then  picked  out  by  the  liver,  but  that  the  corpuscle  is  engulfed 
as  a  whole  and  the  separation  of  the  hemoglobin  occurs  intracellularly 
in  the  phagocytic  cells.  It  appears  then  that  red  cells  in  a  peculiar 
condition,  in  the  condition,  possibly,  which  is  produced  by  the  first  effect 
of  a  liomolyzing  agent  before  hemolysis  occurs,  are  engulfed  by  the 
phagocytic  cells  of  the  liver;  these  cells  in  birds  and  frogs,  and  possibly 
also  in  mammals,  beinsr  in  part  at  least  the  endothelial  cells  of  the  liver 
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blood  capillaries.  Being  engulfed,  the  hemoglobin  separates  from  the 
stroma  and  is  passed  in  some  manner  not  known  to  the  liver  cells  proper 
and  there  undergoes  a  transformation  of  such  a  kind  that  iron  is  split 
off  and  becomes  readily  demonstrable  by  microscopic  methods ;  and  ulti- 
mately the  iron-free  part  of  the  hematin  is  further  transformed  in  the 
liver  cells  into  the  bile  pigments,  bilirubin  and  biliverdin.  It  would  be 
very  interesting  to  know,  in  this  connection,  whether  the  endothelial 
cells  of  the  blood  change  themselves  so  that  the  corpuscles  more  readily 
adhere  to  them  leading  to  their  engulfment,  or  whether  they  form  a 
substance  which,  acting  upon  the  corpuscles,  makes  them  more  easily 
engulfed,  much  as  the  bacteria  are  supposed  to  be  acted  upon  by  the 
opsonins.  These  and  many  other  similar  queries  are  among  the  most 
enticing  questions  of  chemical  physiology  at  the  present  time,  since  their 
solution  may  throw  light  on  the  important  subject  of  the  defense  of  the 
organism  from  bacteria. 

It  may  be  mentioned,  in  this  connection,  as  possibly  indicating  one 
reason  for  the  excretion  of  the  bile  pigments,  that  small  amounts  of 
hematoporphyrin  occur  normally  in  the  blood.  It  has  recently  been 
found  that  hematoporphyrin  has  a  very  extraordinary  effect  in  rendering 
animals  sensitive  to  the  action  of  light.  If  hematoporphyrin  is  injected 
into  white  mice,  rats  or  guinea  pigs,  or  if  it  is  produced  in  the  blood  by 
the  action  of  poisons,  no  toxic  effects  follow  from  the  presence  of  the 
hematoporphyrin  as  long  as  the  animal  remains  in  the  dark  or  in  a  dim 
light.  But,  if  it  is  brought  into  direct  sunlight,  it  presently  begins  to 
scratch  vigorously,  often  rubbing  the  hair  and  skin  off,  it  is  very  rest- 
less and  it  will  die  if  not  returned  to  the  dark.  Similar  effects  are  pro- 
duced in  human  beings  by  sunlight  and  hematoporphyrin,  a  rash  and 
skin  eruption  appearing,  followed  by  a  tremendous  oedema.  The  effects 
may  persist  for  several  weeks  after  taking  hematoporphyrin  before 
the  sensitization  of  the  body  to  light  is  lost.  The  mechanism  of  the 
action  is  not  explained,  but  the  observations  are  of  very  great  interest. 
Animals  with  much  pigment  in  the  skin  are  protected  from  these 
effects.  One  of  the  functions  of  the  liver  is,  then,  to  pick  out  the 
hematoporphyrin  from  the  blood  and  to  convert  it  to  a  harmless  bile 
pigment. 

The  close  relationship  of  the  bile  pigments  to  the  blood  pigments  is 
shown  by  several  facts.  Thus  if  oxyhemoglobin  is  treated  with  dilute 
acid  it  splits  into  globin,  a  protein,  and  hematin,  C„H3oN404Pe;  by 
strong  acid  hematin  is  converted  into  hematoporphyrin,  and  the  iron  of 
the  hematin  is  set  free  as  inorganic  iron.  Hematoporphyrin  is  supposed 
to  have  the  formula,  CjaHjoNiOe,  or  CsaHjgNjOn,  and  it  is  isomeric  with 
bilirubin,  Ca,,H„„N40„.*    On  oxidation  both  give  rise  to  hematic  acids. 

'  The  foTinulas  of  bilirubin  and  hematoporphyrin  are  still  uneertnin.  The  oldei 
formula  called  for  32  atoms  of  carbon.    KUster  gives  34  atoms  as  more  probable. 
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0    H    N0Fe  +  2H0=re4.C    H    NO 

32      82     4     4         T^  2  T^      S2      86     4     6 

Hematin.  Hematoporphyrin. 

The  bile  pigments  are  also  closely  related  to  chlorophyll. 

The  relation  of  these  three  pigments  may  be  illustrated  by  the  follow- 
ing diagram: 


11 


Hemoglobin 


III 
Chlorophyll 


Globin 


Hematin 

0    H    NOFe(?) 

82     82     4    S 

Hematoporphyrin       Bilirubin 

"1    H    N  ' 

32      86 

J     I. 


C..H,N^O,(?)  C,AeN406(n 


Phyllocyanin 


Phylloporphyrin 
C    H    N  0 

82      16     4     2 


Biliverdin 
0   H    NO. 

32      36     4     8 


ilii 


Urobilin 

C    H    NO  (?) 

32      40      4     7'     ' 


Hemopyrrola  Hemopyrrols 

0  HjjN  (etc.)  C^H  gN(etc.) 


Hemojjyrrols 
C^H   N(etc.) 


Hematic  acids. 

G  H  0  ,C  H  NO  ,C  H  NO  . 
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The  bile  salts. — These  are  the  characteristic  constituents  of  the  bile 
which  give  to  this  fluid  its  properties  of  assisting;  in  the  digestion  and 
absorption  of  fats.  In  the  majority  of  mammals  these  salts  consist  for 
the  most  part  of  sodium  salts  of  glycocholic  and  taurocholic  acids,  but 
in  addition  to  these  acids  there  may  be  present  analogous  acids  such 
as  taurocholeic  and  glycocholeic  acids.  The  relative  proportion  of  tauro- 
cholic and  glycocholic  acids  differs  in  various  animals;  thus  in  dogs 
glycocholic  acid  may  be  almost  or  quite  absent,  although  at  other  times 
it  may  be  present.  Its  absence  or  presence  may  be  shown  readily  by 
adding  to  the  bile  some  neutral  acetate  of  lead  which  precipitates  the 
glycocholic  acid  but  not  taurocholic.  The  bile  salts  are  salts  of  paired 
acids;  that  is,  they  split  on  hydrolysis  into  taurine,  or  glycocoU,  and 

whereas  Fischer  has  recently  expressed  the  opinion  that  there  are  33  atoms  of  car- 
bon and  38  of  hydrogen. 
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cholic  acid.  The  taurine  and  glycocoU  are  the  same  in  all  animals,  but 
the  cholic  acid  part  of  the  molecule  differs  in  different  animals.  The 
pig  or  the  goose  does  not  have  the  same  cholic  acid  as  the  ox  or  man. 

The  bile  salts  appear  very  early  in  development,  as  soon  in  fact  as 
the  liver  has  been  set  apart  j  in  the  chick  embryo  they  occur  from  the 
third  day  of  incubation.  They  are  not  formed  elsewhere  in  the  body  than 
in  the  liver,  and  in  fact  may  be  considered  as  the  most  characteristic 
products  of  the  metabolism  of  this  organ.  They  give  a  striking  color 
reaction  when  they  are  mixed  with  a  little  sugar  or  formaldehyde  and 
the  solution  placed  in  contact  with  concentrated  sulphuric  acid.  A  violet 
ring  develops  at  the  zone  of  contact.  This  is  known  as  Pettenkofer's 
reaction.  It  is  the  same  as  Molisch's  reaction  for  the  detection  of  carbo- 
hydrates, with  the  exception  that  the  bile  salts  take  the  place  of  the 
«-naphthol  as  the  chromogenic  substance.  The  reaction  depends  on  the 
formation  of  an  aldehyde-like  furfural  or  oxymethylfurfural  from  tho 
sugar  by  the  acid  and  the  condensation  of  this  product  with  the  bile 
acids,  or  some  decomposition  product  of  the  latter,  to  a  colored  compound. 
The  reaction  is  not  at  all  specific  for  bile  acids.  It  is  given  also  by 
oleic  acid,  by  many  alcohols,  aromatic  substances  and  other  compounds. 

Preparation  and  properties  of  the  hile  salts.  To  make  an  impure 
solution  of  the  bile  salts,  a  simple  method  is  to  mix  fresh  bile  with  about 
1  per  cent,  by  weight  of  animal  charcoal  and  to  evaporate  to  dryness  on 
the  water  bath.  The  dry  residue  is  powdered  and  extracted  with  water 
and  filtered.  The  bile  salts  are  extremely  soluble  in  water  and  go  into 
solution  while  the  pigments  and  some  other  impurities  remain  in  the 
charcoal.  The  solution  contains  not  only  the  bile  salts,  but  some  choles- 
terol, mucin,  phosphatides  and  inorganic  salts.  The  bile  acids  may  be 
obtained  from  this  solution,  if  it  is  sufficiently  concentrated,  by 
acidification. 

Plattner's  hile.  Crystallized  hile.  This  is  prepared  in  the  same  way 
as  the  decolored  bile  just  described,  except  that  the  dried  residue  con- 
taining the  charcoal  is  extracted  with  boiling,  absolute  alcohol.  The 
salts  are  very  soluble  in  alcohol.  By  this  means  mucin,  pigments  and 
most  of  the  inorganic  salts  are  left  behind.  The  alcohol  after  filtration 
through  a  dry  filter  into  a  dry  flask,  using  care  to  prevent  the  entrance 
of  water,  is  placed  in  a  loosely  stoppered  flask  and  absolute  ether  run  in 
until  a  precipitate  begins  to  appear.  It  is  then  set  apart  in  a  cool  place 
and  the  bile  salts  will  crystallize  out,  provided  the  reagents  have  had 
little  water  in  them.  If  water  is  present,  they  will  come  out  as  an  oily 
liquid,  which  may  later  crystallize.  The  salts  thus  crystallized  are  very 
deliquescent  and  take  up  water  rapidly  from  the  air.  They  must  be  kept 
in  a  desiccator.  They  are  known  as  Plattner's  bile.  From  this  partially 
"Turified  product  the  acids  may  be  separated.    The  cholesterol  is  sepa- 
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rated  by  washing  the  salts  with  absolute  ether.  The  salts  generally  have 
a  bitter  taste.  They  make  a  neutral  solution.  Some  of  them  may  be 
precipitated  by  saturating  their  solutions  with  ammonium  sulphate. 

Glycocholic  acid. — CaoH^aNOe.  a.  Properties:  White,  crystallizing  in 
needles.  Slightly  soluble  in  cold  water,  more  soluble  in  warm.  Very 
soluble  in  strong  alcohol,  less  in  dilute,  m.p.  193°.  Shrinks  133-134°  on 
rapid  heating.  Recrystallizes  readily  from  dilute  alcohol  on  cooling 
(Alcohol  10-30  per  cent.)  Slightly  soluble  in  ether  (1:1,000),  and  is 
precipitated  from  alcoholic  solution  by  ether.  Practically  insoluble  in 
benzol  and  chloroform.  Rotatory  power  of  alcoholic  solution  ( a)  i^s  °  =: 
+32.3°  (Letsche).  Na  glycocholate,  (<a;)y°=+24.3°,  dissolved  in  water, 
-f27.8°  in  90°  alcohol  (Letsche).  The  alkali  and  alkali  earth  salts  are 
soluble  in  water ;  most  others  are  insoluble.  All  of  them  are  soluble  in 
alcohol,  except  lead.  Glycocholic  acid  is  precipitated  from  solution  by 
neutral  acetate  of  lead.  This  distinguishes  it  from  taurocholate,  which 
is  precipitated  only  by  basic  lead  acetate.  Its  taste  is  bitter,  with  a 
sweet  after  taste.  The  affinity  constant  K  is  .0132.  The  acid  is  hence 
about  as  strong  as  lactic  acid.  Its  salts  do  not  make  colloidal  aqueous 
solutions. 

b.  Decomposition  by  acids.  Cooked  with  acids  it  decomposes  into 
glycocoU  and  cholic  acid  as  follows : 

V    H    NO   -|-HO=CHNO   +0    H    O. 

26      43  6  T^        2  2      S  2  ^^      24      40     5 

Glycocholic  acid.  Glycoeoll.     Cholic  acid. 

By  farther  heating  the  cholic  acid  loses  two  molecules  of  water  and  is 
converted  into  dyslysine,  CjiHaeOs. 

c.  Preparation.  Prom  some  biles  containing  principally  glycocholic 
acid  the  glycocholic  acid  is  very  easily  prepared  by  acidification  after 
the  addition  of  some  ether.  The  bile  of  oxen  often  contains  a  good  deal 
more  of  glycocholic  acid  than  taurocholic.  In  some  cases  it  is  only  neces- 
sary to  filter  the  bile  through  charcoal,  to  partially  or  wholly  decolorize 
it,  slightly  acidify  to  remove  mucin,  filter  and  then  add  a  mixture  of 
5  parts  HCI  and  30  parts  of  ether  to  100  parts  of  bile  to  have  the  glyco- 
cholic acid  crystallize  out.  Generally,  however,  it  will  be  found  neces- 
sary to  make  first  crystalline  bile  in  the  method  described.  This  gets 
rid  of  the  mucin.  A  strong  solution  of  the  crystalline  bile  is  made  after 
first  freeing  the  crystals  from  cholesterol  by  anhydrous  ether.  Some 
ether  is  added  to  the  solution,  and  then  little  by  little  a  solution  of 
sulphuric  acid.  This  is  added  cautiously  at  first  until  crystallization 
begins  and  then  more  freely.  The  glycocholic  acid  crystallizes  out,  leav- 
ing the  taurocholic  acid  in  solution.  This  method  does  not  always  yield 
crystalline  glycocholic  acid,  particularly  if  much  taurocholate  is  present. 
It  may  be  necessary  to  separate  from  taurocholic  acid  by  precipitating 
with  neutral  lead  acetate.    This  precipitates  the  lead  glycocholate.  leav- 
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ing  the  taurocholate  for  the  larger  part  in  solution.  The  precipitate  is 
filtered  off,  washed  with  water  on  the  filter  and  dissolved  in  warm 
alcohol.  The  lead  is  separated  with  sulphureted  hydrogen,  the  lead 
sulphide  filtered  off,  the  filtrate  concentrated  and  the  free  acid  precipi- 
tated by  the  addition  of  ether.  It  slowly  crystallizes.  From  the  first 
filtrate  the  lead  salt  of  taurocholic  acid  may  be  precipitated  by  basic 
lead  acetate. 

Taurocholic  acid. — CjeHisNSOj.  a.  Properties.  White,  needle- 
shaped  crystals  very  deliquescent,  and  very  bitter.  Decomposes  on  cook- 
ing with  water,  but  when  dry  may  be  heated  above  100°  without  change. 
Acids  and  alkalies  decompose  it  into  taurine  and  cholic  acid.  In  alco- 
holic solution  (a')D=+24.5°.  Very  soluble  in  water,  soluble  in  alcohol, 
insoluble  in  ether.  Dissolves  some  glycocholic  acid.  It  is  a  fairly  strong 
acid,  and  it  decomposes  in  solution  more  readily  than  glycocholic  acid. 
It  is  stronger  than  glycocholic  acid.  The  salts  are  soluble  in  water  and 
alcohol,  but  insoluble  in  ether. 

b.  Preparation.  It  is  mo^t  easily  prepared  from  the  bile  of  dogs 
which  contains  often  very  little  glycocholic  acid,  or  from  the  bile  of  the 
haddock  which  contains  only  taurocholic  acid.  It  may  be  prepared  by 
precipitation  with  basic  lead  acetate  in  the  manner  described. 

c.  Decomposition.  By  hydrolysis  by  acids  or  alkalies  it  splits  read- 
ily into  taurine  and  cholic  acid  as  follows : 

C    H    NSO  -f  H  0  =    C  H  NSO   +  C    H    O 

2e      4S  7  T^       2  2      7  3  ^^      24      40     6 

Taurocholic  acid.  Taurine.       Cholic  acid. 

Taurine  is  derived  from  cystine  by  reduction  of  the  latter  to  cysteine 
and  the  oxidation  of  the  cysteine  followed  by  a  decarboxylization,  thus : 
HNH  OHNH  OHNH 

2  2  2 

HS— C— C— COOH  -f  O    "  HO— S— C— C— COOH ►  HO— S— 0— 0— H  +  CO 

Cysteine.  Intermediate.  Taurine. 

Taurine  is  found  very  widespread  in  nature,  showing  that  the 
processes  by  which  it  is  derived  from  cysteine  must  be  very  comjion  in 
cells.  It  is  found  in  many  tissues  of  the  body  and  is  probably  a  normal 
intermediary  product  of  cystine  metabolism. 

The  determination  of  the  amount  of  taurocholic  acid  in  various  biles 
has  been  generally  made  by  determining  the  sulphur  in  the  ether  insol- 
uble, alcohol  soluble  part  of  the  bile  and  computing  the  taurocholic  acid 
from  this  on  the  hypothesis  that  taurocholic  acid  is  the  only  sulphur  con- 
taining substance  in  the  bile  having  these  solubilities.  This  method  of 
determination  of  the  amount  of  taurocholic  acid  has  been  shown  recently 
by  Hammarsten  to  be  quite  incorrect,  owing  to  the  fact  that  there  is  in 
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many  biles  some  ethereal  sulphate  and  sulpholipin  which  have  the  same 
solubility  in  alcohol  as  taurocholic  acid.  It  is  not  possible  to  say  posi- 
tively how  much  taurocholic  acid  there  is  in  bile  for  this  reason.  The 
following  table,  taken  from  Hammarsten,  shows  the  amount  of  sulphur  in 
the  crystallized  bile  of  various  animals : 

Amount  op  Swcphub  in  Various  Biles   (Hammarsten). 

Sulphur  in  ether  in-   Sulphur  in  alcohol 

Animal  solnlilc  bile  suits  -  eolnble  r  ricd  bile— 

per  cent.  per  cent. 

Goose    B.34  3.86-4.21 

Snake    (boa   constr.)     0,24  4.11 

Dog R.2I 

Snake    (python)     (5.04 

Fox   s'.ge  .'  .'  [ 

Bear    .5.84 

Sheep    .i.71  !  .. 

Fish    .5.5.5-5.99 

Haddock     .5,66 

Walrus ,  4.37 

Goat   .5.2C  .  . . 

Wolf    5.03 

Hen 4.96  .  . . 

Calf     4.88  .  .  . 

Ox 3.58  3.43 

Musk-ox 2.05-3.05 

Kangaroo  2.47  .... 

Hippopotamus     ...  1.84 

Orang-utang    ...  1.37 

Man     0.21-2.67 

Man     0.83-2.99  0.85-1.30 

Pig    0.33  0.56 

Human  bile,  as  will  be  seen,  contains  but  very  little  sulphur.  In 
fact,  in  one  case  of  a  bile  fistula  Jacobson  found  none  at  all.  If  it  be 
remembered  that  taurocholate  alone  contains  5.95  per  cent  of  S,  it  will 
be  seen  that,  if  the  sulphur  is  contained  altogether  as  taurocholate,  some 
of  these  biles  can  have  practically  no  glycoeholic  acid.  Such  is  certainly 
the  case  for  the  haddock  and  at  times  in  dog's  bile,  but  in  other  animals 
the  sulphur  may  not  be  present  in  the  form  of  taurocholate  at  all.  Thus 
in  the  hagfish,  Scymnus  borealis,  although  the  alcohol  soluble  bile  solids 
contain  5.3  per  cent.  S,  this  is  all  ethereal  sulphate  and  there  is  no 
taurocholic  acid,  but  instead  a  substance  allied  to  cholic  acid,  or  choles- 
terol, called  "by  Hammarsten  scymnol,  CaTH^eO.,,  which  is  paired  with 
sulphuric  acid.  Human  bile,  also,  contains  these  ethereal  sulphates  to 
very  differing  amounts  in  different  people,  and  Hammarsten  has  sug- 
gested that  they  are  very  likely  derived,  like  the  similar  bodies  in  the 
urine,  from  intestinal  putrefaction.  In  the  bile  of  the  new-born  and 
sucklings  Jaeobowitsch  found  only  taurocholic  acid;  but  Buginsky  and 
Sommerfeld  got  also  glycoeholic.  The  bile  of  a  ray,  Raja  batis,  also 
contained  the  greater  part  of  the  sulphur  as  ethereal  sulphate.     The 
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amount  of  the  sulphur  as  ethereal  sulphate  in  human  bile  may  vary 
from  6-17  per  cent,  of  the  total  sulphur  of  the  alcohol  soluble  solids. 

It  is  possible  by  feeding  animals  cholic  acid  to  increase  somewhat  the 
amount  of  taurocholic  acid  in  the  bile.  The  body  seems  to  have  a  supply 
of  taurine  in  reserve  which  it  can  unite  with  the  cholic  acid  fed.  This 
reserve  of  taurine  is,  however,  soon  exhausted  and,  if  more  cholic  acid 
is  givan  than  enough  to  combine  with  the  taurine,  it  appears  in  some 
other  form  than  as  taurocholic  acid  and  chiefly  in  the  form  of  glyco- 
cholic  acid.  The  dog's  body  appears  to  form  taurocholic  acid  by  pref- 
erence, but  in  the  absence  of  sufficient  taurine  glycocoU  is  used  instead. 
It  thus  happens  that  while  taurocholic  acid  is  generally  present  in  large 
excess  in  the  dog's  bile,  yet  more  or  less  glycocholic  acid  may  be  found 
there  also.  Indeed,  after  glycocholic  acid  is  taken  by  the  mouth,  it 
reappears  in  the  bile  as  such.  But  while  the  body  has  some  reserve 
of  taurine  and  a  large  reserve  of  glycocoU  to  pair  with  any  cholic  acid 
produced,  there  is  no  reserve  of  cholic  acid  to  pair  with  the  taurine.  It 
has  been  found  that,  if  cystine  is  given  alone,  there  is  no  increase  in  the 
sulphur  of  the  bile,  the  reason  being  that  there  is  no  reserve  of  cholic 
acid  to  pair  with  it;  but,  if  cystine  and  cholic  acid  are  given  together, 
iaurocholic  acid  is  much  increased. 

Cholic  acid. — C24H40O5.  This  is  also  called  cholalic  acid.  It  is 
formed  by  hydrolysis  from  the  conjugated  acids  just  described.  From 
10  liters  of  ox  bile  Schryver  obtained  225  grams  of  cholic  acid,  75 
grams  of  choleic  and  40  grams  of  deoxyeholeic  acid  in  the  crude  crystal- 
line form.  Pregl  and  Buchtala  obtained  from  ox  bile  51.2  per  cent,  of 
the  total  fatty  and  bile  acids  as  cholic  acid. 

a.  Preparation.  The  following  method  of  preparation  of  cholic  and 
other  acids  of  the  bile  was  employed  by  Schryver  (1912) :  2.5  liters  of 
fresh  ox  bile  were  mixed  with  170  grams  of  NaOH  dissolved  in  300  c.c. 
of  water  and  heated  30  hours  in  an  iron  digester  with  a  reflux  condenser. 
The  mixture  was  then  diluted  with  twice  its  volume  of  water  and,  while 
still  warm,  acidified  with  dilute  HCl,  vigorously  stirring  after  each  addi- 
tion of  acid.  The  crude  acids  separated  as  a  viscid  oil,  pasty  on  cool- 
ing and  sometimes  granular.  After  standing  overnight  the  mass  was 
filtered,  washed  free  from  HCl  by  kneading  in  water,  dried  on  the 
water  bath  and  powdered.  It  was  dissolved  in  an  excess  of  dilute 
NH4OH,  so  dilute  that  there  was  in  solution  finally  not  more  than  5  per 
cent,  of  the  ammonium  salt,  and  some  pigment  was  removed  by  boiling 
with  animal  charcoal.  It  was  filtered,  precipitated  by  dilute  HCl,  the  pre- 
cipitate washed  with  water,  and  dried  in  vacuo  over  CaClj  and  soda 
lime.  Prom  time  to  time  the  surface  lumps  were  removed  and  powdered, 
and  finally  it  was  a  powder,  which  was  recrystallized  from  hot  acetone, 
filtered  hot.    On  cooling,  the  crystals  were  filtered,  using  the  pump,  and 
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washed  in  cold  acetone  uutil  nearly  free  from  mother  liquor.  The 
filtrates  tind  washings  united  yielded  a  second  crop  of  crystals  when 
concentrated.  The  process  was  repeated  until  only  a  green  mother  liquor 
was  left,  from  which  no  more  crystals  separated.  All  crystals  were 
united.  The  separation  of  cholie,  choleic  and  deoxycholeic  acids  was 
accomplished  by  the  difference  in  behavior  of  the  Mg  salts.  The  mag- 
nesium salts  of  choleic  and  deoxycholeic  acids  are  less  soluble  than  cholie 
acid.  The  crystals  are  suspended  in  hot  alcohol,  a  little  phenolphthalein 
added  and,  while  the  alcohol  is  kept  hot,  NaOH  is  added  until  a  faint 
alkaline  reaction  was  obtained.  The  alcohol  was  then  evaporated  on 
the  water  bath,  the  sodium  salts  taken  up  in  water  so  that  100  c.c.  of 
solution  corresponded  to  1  gram  of  the  crude  crystals,  filtered  and  made 
neutral  to  phenolphthalein  with  acetic  acid.  The  solution  was  mixed 
with  one-tenth  its  volume  of  20  per  cent.  MgCla  and  heated  on  the  water 
bath.  A  bulky  crystalline  precipitate  gradually  formed.  After  heating. 
1  hour  it  was  allowed  to  cool.  The  precipitate  consisted  of  the  Mg  salts 
of  choleic  acid,  deoxycholeic  acids,  with  a  little  cholie  acid.  Cholie  acid 
was  obtained  by  acidifying  the  mother  liquor.  Choleic  acid  was  sepa- 
rated from  deoxycholeic  by  precipitating  it  as  barium  eholeate,  the 
barium  salt  being  insoluble. 

b.  Properties.  White,  crystalline,  very  bitter  substance.  Almost 
insoluble  in  water,  soluble  in  alcohol,  but  not  very  soluble  in  ether.  It 
crystallizes  from  alcohol  when  water  is  added  to  the  latter  in  the  form 
of  rhombic  pyramids  and  tetrahedrons  which  contain  a  molecule  of  water, 
m.p.  198°  (Bondi  and  Miiller).  Its  solutions  are  dextro-rotatory  («)!,— 
+35°.  It  gives  Pettenkofer's  reaction.  It  combines  with  water,  with 
the  halogen  acids  and  potassium  iodide.  It  is  unsaturated.  The  alkaline 
salts  and  barium  salt  of  cholie  acid  are  very  soluble  in  water,  the  other 
alkaline  earths  less  soluble  in  water.  On  oxidation  with  nitric  acid  it 
forms  first  dehydrocholic  acid,  C24H340r„  and  finally  oxalic  acid,  various 
volatile  fatty  acids  and  cholesterinic  acid,  CJI^nOr..  Its  structural 
formula  is  unknown,  but  it  is  related  to  cholesterol  and  the  terpenes.  A 
formula  suggested  is  the  following  (Pregl,  1910)  : 

COOH.CH/ggffNcH(CHJ..CH/g;^^.^^ 

CH  .CH  =  CH.CHOH 

2 

Another  formula  suggested  by  Panzer  is  given  on  page  430.  It  has 
a  very  characteristic  iodine  reaction,  forming  with  the  latter  a  blue- 
colored  compound  like  starch.  If  2  grams  of  cholie  acid  and  1  gram 
of  iodine  are  dissolved  in  40  c.c.  of  alcohol  and  to  this  is  added  20  c.c. 
Df  a  solution  of  KI  containing  1  gram  of  I,  a  compound  is  formed  which 
♦n  the  addition  of  water  with  constant  stirring  precipitates  as  a  mass 
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of  bluish  crystals.  These  are  insoluble  in  water.  They  resemble  starch 
iodide.  The  formula  is  supposed  to  be  (C24H4o05)4KI4-nH20.  Other 
acids,  such  as  deoxycholeie,  hyocholic,  bilianic,  etc.,  do  not  give  this  reac 
tion.  When  heated  in  water  to  200°  in  an  autoclave  it  forms  the  anhy- 
dride, dyslisine. 

0    H    0=C    H    0+2H0 

24     40     B 24      86     8  T^  2 

Cholic  acid.      Dyslisine. 

Alkalies  reconvert  the  dyslisine  into  cholic  acid.  The  close  relation  of 
cholic  acid  to  cholesterol  and  its  probable  derivation  from  that  substance 
is  shown  by  the  fact  that  both  cholesterol  and  cholic  acid  give  the 
Lifschiitz  oxyeholesterol  reaction  after  oxidation  with  benzoylperoxide 
(see  page  83)  and  that  both  yield  on  oxidation  rhizocholic  acid,  GgHfi,, 
which  probably  has  the  following  composition: 

CH— C— COOH 
II         \c— COOH 
HOC— CH 


COOH 
Rhizocholic  acid. 

The  same  acid  is  obtained  from  camphor  and  oil  of  turpentine  when 
oxidized,  which  shows  that  cholic  acid  and  cholesterol  are  terpenes. 

"With  HCl,  cholic  acid  gives  a  color  reaction  (Hammarsten).  Pow- 
dered cholic  acid  shaken  with  25  per  cent.  HCl  at  room  temperature 
colors  the  fluid  at  first  yellow  to  green  and  then  after  several  hours  a 
bluish  violet,  which  deepens  for  the  next  24  hours.  It  shows  an  absorp- 
tion band  near  D.  The  change  takes  place  more  rapidly  on  heating.  Not 
all  bile  or  cholic  acids  give  this  reaction. 

HH      HH         HOHHH     HH 

Y  Y     y  Y  V 


,/\„„/\„.r— -\,^/\^/^^ 


IH 


CH,OH  CH,OH 

Tentative  formula  of  cholic  acid   (Panzer). 
C    H    0 

24      40     B 

Glycocholeic  acid. — CaoH^jNOs.  Besides  the  ordinary  glycocholic 
acid  found  in  ox  and  dog  biles,  a  similar  but  somewhat  different  acid 
is  also  found,  and  it  probably  occurs  elsewhere.  It  is  present  in  smaller 
amounts  than  the  ordinary  glycocholic  acid.  It  consists  of  glycocoU 
paired  with  choleic  acid.  Glycocholeic  acid  differs  from  glycocholic  acid 
in  the  following  points:  It  crystallizes  in  short,  thick  prisms;  it  has  a 
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very  bitter  taste,  with  only  a  weak  sweet  after-taste ;  it  is  soluble  with 
difficulty  in  boiling  water ;  the  melting  point  is  higher,  namely,  175-176° ; 
its  aqueous  alkali  salt  solutions  are  precipitated  by  the  addition  of 
barium,  calcium  or  magnesium  chlorides.  In  this  way  it  may  be  sepa- 
rated from  glycocholic  acid.  The  sodium  salt  solution  is  far  more  easily 
precipitated  by  the  addition  of  a  saturated  solution  of  NaCl  than  is 
the  corresponding  salt  of  glycocholic  acid;  and  the  pure  solution  of  the 
alkali  salt  is  precipitated  by  the  addition  of  acetic  acid,  whereas  the 
pure  alkali  salt  solution  of  glycocholic  acid  is  not  precipitated  by  the 
addition  of  acetic  acid ;  a  solution  of  sodium  glycocholate  is  precipitated 
by  acetic  acid,  however,  if  free  neutral  salts  such  as  NaCl  are  present 
in  the  solution  (Wahlgren,  1902). 

Glycocholeic  acid  may  be  separated  from  ox  gall  by  Wahlgren 's 
method  as  follows:  The  fresh  bile  is  evaporated  to  a  syrup  and  the 
mucin  precipitated  by  the  addition  of  alcohol.  The  alcohol  is  evaporated 
from  the  filtrate,  the  residue  dissolved  in  water  and  precipitated  by 
the  successive  addition  of  lead  acetate,  basic  acetate  and  ammoniacal  lead 
acetate.  The  first  ])recipitate  contains  both  glycocholate  and  glyco- 
choleate.  It  is  freed  from  lead  by  Na.jCO.,,  filtered,  the  filtrate  evapo- 
rated to  dryness  and  the  residue  extracted  with  alcohol  to  free  from 
carbonate.  The  glycocholate  dissolves  readily  in  the  alcohol;  the  glyco- 
eholeate  dissolves  with  difficulty.  It  may  be  separated  by  precipitating 
it  with  BaCln,  which  precipitates  the  choleate  but  not  the  cholate. 

Taurocholeic  acid. — This  acid  has  been  isolated  from  dog  and  ox 
bile.  It  is  less  abundant  than  the  taurocholic  acid.  It  consists  of  taurine 
and  choleic  acid.  It  contains  more  sulphur  than  taurocholic  acid, 
namely,  6.25  per  cent,  instead  of  5.94  per  cent,  in  the  sodium  salt.  It 
is  separated  from  the  tauroeholate  by  being  not  so  easily  precipitated 
from  its  alcoholic  solution  by  the  addition  of  ether,  as  is  the  tauroeholate, 
and  when  in  aqueoTis  solution  it  is  precipitated  by  the  addition  of  ferric 
chloride,  whereas  tauroeholate  is  not  precipitated  (Gullbring,  1905).  It 
is  intensely  bitter  with  no  sweet  after-taste.  It  has  not  been  obtained  in 
a  nrystalline  form.  Like  taurocholic  acid  it  is  readily  precipitated  by 
NaCl,  as  a  thick  honey-like  mass. 

Choleic  acid. — The  probable  formula  for  this  acid  is  CjiHioOB 
(Lassar-Cohn).  It  thus  has  the  same  formula  as  cholic  acid,  although  its 
discoverer,  Latschinoff,  ascribed  to  it  the  formula  0,5114204,  for  the  water- 
free  salt.  Choleic  acid  is  very  much  like  cholic  acid,  but  is  less  soluble 
in  water,  alcohol,  and  glacial  acetic  acid.  The  water-free  acid  melts 
lietween  185-190° ;  the  water-containing  acid  melts  at  135-140°  and  at 
150°  forms  a  homogeneous  liquid.  After  repeated  recrystallizations  from 
glacial  acetic  acid  it  melts  at  l45°.  This  is  probably  the  acetyl  compound. 
This  is  the  same  melting  point  as  deoxycholic  acid,  which  is  probablv 
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identical  with  choleic  acid,  according  to  GuUbring.  (See,  however, 
Schryver).  It  forms  an  insoluble  barium  salt  by  which  it  can  be  sep- 
arated from  cholie  acid. 

Other  cholie  acids. — In  the, bile  of  other  animals  than  the  ox  and 
dog,  other  cholie  acids  and  their  conjugates  are  found.  Thus  in  the 
pig  hyoglycocholic  acid  occurs,  and  in  the  bile  of  geese  chenotaurocholic 
acid.  Hyoglycocholic  acid  has  been  given  the  formula  C27H43NO5. 
Chenocholic  acid  is  C27H44O4.  There  is  little  doubt  that  a  number  of 
these  more  or  less  closely  isomeric  cholie  acids  occur  in  different  biles. 

Soaps. — Bile  contains  small  amounts  of  the  sodium  salts  of  various 

fatty  acids  (myristic,  palmitic,  stearic) ,  among  which  sodium  oleate  may 

be  especially  mentioned.    The  presence  of  these  soaps  affects  the  ease  of 

precipitation  of  the  bile  salts  by  neutral  salts,  the  presence  of  sodium 

oleate  particularly  interfering  with  the  salting  out.    From  10  liters  of 

ox  bile  Schryver  obtained  the  following  amounts  of  fatty  and  bile  acids : 

Cbolic  acid    225  grams  1 

Choleic    "     75  grams  V  350  grams  of  crude  crystalline  acids. 

Deoxyeholeic  acid  ...       40  grams  ) 

T5LJ'™w.l.„'«l,\"  '„'„ij       10  ?!™f  (  65  grams  from  mother  liquors  of  acetone  crys- 
Pigment  (green)  acid      12  grams  ^         tallization. 
acid   35  grama  ) 


Pregl  and  Buchtala  found  in  the  bile  of  oxen  of  Gratz  10  per  cent, 
of  the  total  acids  as  fatty  acids ;  51.2  per  cent  as  cholie ;  11.9  per  cent, 
choleic ;  13.5  per  cent,  deoxyeholeic ;  12.6  per  cent,  non-crystallizable. 

Cholesterol  in  bile. — Cholesterol  has  been  found  in  the  bile  of  all 
animals  in  which  it  has  been  looked  for,  with  the  exception  of  the 
hippopotamus.  While  the  amount  of  cholesterol  in  human  bile  is 
not  very  great,  its  importance  is  increased  by  the  fact  that  it  is  one 
of  the  chief  constituents  of  gall  stones.  The  amount  in  human  bile  is 
given  as  1.6  parts  per  thousand  by  Frerichs ;  and  as  1.00  per  thousand 
in  ox  bile.  In  venous  blood  there  is  in  the  serum  only  0.09  p.m.  (Bec- 
querel  and  Rodi),  and  in  the  whole  blood  only  about  .44-.75  pjn. 

Cholesterol,  as  its  name  implies,  i.e.,  solid  bile,  is  one  of  the  commonest 
constituents  of  gall  stones  of  which  it  may  form  anywhere  from  20-90  per 
cent.  The  general  properties  of  this  substance,  so  common  in  all  cells, 
has  already  been  given,  page  81,  and  here  only  the  amount  in  the  bile, 
and  its  origin,  function,  arid  fate  will  be  considered. 

Cholesterol  is  entirely  insoluble  in  water  or  in  salt  solutions  whether 
neutral,  acid  or  alkaline ;  its  solution  by  the  bile  is,  therefore,  a  singular 
fact.  The  bile  is  in  fact  able,  as  Moore  and  Roaf  showed,  to  dissolve 
even  more  cholesterol  than  is  ordinarily  found  in  it.  If  solid  pieces  of 
cholesterol  are  put  into  bile  they  dissolve  (Naunyn) .  This  power  of  solu- 
tion of  the  bile  depends  on  the  presence  of  the  bile  salts  and  specifically 
upon  the  cholie  acid  radicle  of  the  salts.    The  bile  salts  themselves  are 
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extremely  soluble.  The  cholic  aoid  part  of  the  salt  is  probably  closely 
related  chemically  to  cholesterol.  It  is  probable  that  cholesterol  unites 
either  physically  or  chemically,  in  some  way  not  yet  known,  with  the 
cholic  acid  of  the  bile  salts,  and  is  thus  held  in  solution.  It  will  be  re- 
called that  the  bile  salts  are  hemolytic  agents  and  in  this  respect  act 
like  the  saponins  and  these  saponins  have  been  shown  by  Windaus  and 
Yogi  to  form  easily  dissociable  compounds  with  cholesterol.  It  is  not 
improbable,  therefore,  that  cholesterol  unites  similarly  with  the  hemolytic 
group  of  the  bile  salts  and  the  compound  thus  formed  is  soluble  in  the 
bile. 

The  origin  of  the  cholesterol  of  bile  is  not  yet  certain.  It  may  be 
derived  in  part  from  the  food  and  in  part  from  the  cholesterol  of  the 
red  blood  eells>  which  are  destroyed.  A  part  of  the  cholesterol  thus 
passing  in  might  be  changed  to  cholic  acid,  a  part  might  be  secreted  un- 
changed. A  part  might  be  made  in  the  liver  from  fat  or  sugar  by  the 
metabolism  of  that  organ.  Doree  and  Gardner  have  found  only  traces 
of  cholesterol  in  feces  after  feeding  dogs  various  cooked  foods,  such  as 
oatmeal  and  milk,  beef  and  mutton,  horseflesh  or  other  foods.  Stercorol 
was  excreted  on  a  diet  of  raw  sheep's  brains.  If  cholesterol  is  given  in 
food  to  rabbits  some  is  reabsorbed  and  finds  its  way  to  the  blood,  causing 
there  an  increase  in  both  the  free  cholesterol  and  the  cholesterol  esters, 
as  measured  by  the  digitonin  method.  If  phytosterol  was  fed  to  rabbits 
it,  also,  was  absorbed  in  part,  resulting  in  an  increase  of  free  cholesterol 
of  the  blood;  but  phytosterol  did  not  appear  as  such  in  the  blood. 
While  the  reduction  of  cholesterol  to  stercorin  happens  in  the  body, 
cholesterol  is  not  reduced  if  added  to  the  feces  in  vitro,  possibly  owing 
to  lack  of  solubility.  Dog's  feces  contain  the  unchanged  cholesterol 
of  the  bile. 

Since  bladder  bile  is  much  richer  in  cholesterol  than  that  from  a 
fistula  and  the  difference  is  much  greater  than  the  increase  of  con- 
centration of  the  salts,  it  is  generally  concluded  that  cholesterol  is  added 
to  the  bile  largely  by  the  epithelium  of  the  bladder.  It  is  especially 
Naunyn  who  has  defended  this  view  and  brought  it  into  relation  with 
the  formation  of  gall  stones.  It  is  often  the  case  that  the  kernel  of  the 
gall  stone  appears  to  be  bladder  epithelial  cells  and  it  is  necessary  to 
have  some  injury  to  the  bladder,  an  inflammation  or  traumatism,  before 
stones  form.  The  experimental  introduction  of  crystals  of  cholesterol 
into  the  bladder  did  not  cause  the  formation  of  concretions  unless  in- 
fection of  the  gall  ducts  occurred  also.  The  evidence  does  not  appear  to 
be  at  all  conclusive  that  cholesterol  is  added  to  the  bile  in  the  gall 
bladder,  and  while  it  may  well  be  that  some  of  the  cholesterol  finds  its 
way  through  the  wall  of  the  gall  ducts  or  bladder,  it  would  appear  more 
probable  that  it  is  formed  and  secreted  with  the  bile  salts,  to  which  it 
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is  SO  closely  related  chemically.  It  may  be  that  the  poor  content  of 
cholesterol  in  fistula  bile,  as  compared  with  bladder  bile,  is  due  to  a 
more  complete  conversion  of  the  cholesterol  into  the  bile  salts  in  the 
former  case  when  the  bile  is  unusually  poor  in  bile  salts,  than  happens 
normally  when  there  are  bile  salts  being  reabsorbed  from  the  intestine. 
The  presence  of  cholesterol  in  fistula  bile  in  considerable  quantities  is 
evidence  that  certainly  much  of  the  cholesterol  is  secreted  by  the  liver 
itself.  It  is,  on  the  other  hand,  probable  that  cells  of  epithelium  escaping 
into  the  bile  may  'become  impregnated  with  cholesterol  and  serve  as  the 
nucleus  for  the  formation  of  a  stone.  Bile  of  the  hippopotamus  con- 
tains no  cholesterol.  It  would  be  interesting  to  know  whether  the  blood 
of  the  hippopotamus  contains  cholesterol.  Perhaps  some  African 
physiologist  may  make  some  interesting  discoveries  by  studying  the  bile 
and  blood  of  this  animal. 

The  functions  of  cholesterol  have  already  been  discussed.  It  has 
no  function  in  digestion  so  far  as  we  know.  It  is  a  singular  fact  that 
bile  hastens  the  action  of  the  lipase  of  the  pancreas,  whereas  the  choles- 
terol it  contains  is  said  to  have  the  power  of  inhibiting  lipolysis.  There 
is  a  curious  apparent  contradiction  in  these  statements.  May  the  liver 
by  excreting  too  much  cholesterol  reduce  the  power  of  the  blood  to  with- 
stand hemolysis,  since  cholesterol  counteracts  hemolysis?  Does  the  liver 
make  anything  more  out  of  cholesterol  than  the  bile  salts,  if  this  is  the 
origin  of  these  substances?  Are  there  any  active  oxidation  products  of 
the  nature  of  bafonin  made  here  in  small  quantities  and  are  they  active 
in  the  physiology  of  other  parts  of  the  body?  These  are  some  of  the 
questions  which  must  be  left  to  the  future  for  answers. 

Whether  the  cholesterol  secreted  in  bile  is  reabsorbed  with  the  bile 
salts  is  not  yet  clear,  since  the  metabolism  of  cholesterol  has  not  yet  been 
worked  out.  Certainly  some  of  that  taken  in  the  food,  and  presumably 
some  of  that  found  in  bile,  is  reabsorbed.  But  to  what  extent  it  is  re- 
absorbed is  uncertain ;  and  whether  the  cholesterol  of  the  body  is  formed 
in  the  body  or  absorbed  from  the  food  eaten  is  equally  uncertain. 
Inasmuch,  however,  as  the  sterol  of  herbivorous  animals  is  cholesterol 
and  not  phytosterol,  the  sterol  of  plants,  and  since  cholesterol  is  found 
in  all  cells,  it  is  probable  that  the  animal  body  has  the  power  of  making 
its  own  cholesterol.  The  blood  of  the  portal  vein  contains  more  choles- 
terol than  that  of  the  hepatic  vein.  In  the  feces  of  the  new-born,  the 
meconium,  cholesterol  is  found  in  large  quantities,  but  in  ordinary  feces 
of  men  no  cholesterol  is  found,  but  in  place  of  it  a  reduced  cholesterol 
called  stercorin,  by  its  discoverer.  Flint;  (from  Latin  stercus,  dung) ; 
or  eoprosterin  (Gr.  koprosteros.  feces).  During  starvation  no  stercorin, 
but  only  cholesterol,  is  to  be  found  in  the  feces.  Stercorin  is  evidently 
formed  from  cholesterol  by  the  reducing  action  of  putrefaction. 
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Stercorm.  This  is  obtained  from  the  dried  and  powdered  feces  by 
extraction  with  ether;  the  ethereal  extract  is  decolorized  with  charcoal 
and  evaporated.  The  residue  is  extracted  with  hot  alcohol,  the  alcohol 
extract  saponified  with  KOH,  mixed  with  powdered  salt  and  evaporated. 
The  solid  mass  is  extracted  with  ether,  the  ether  washed  with  water  until 
neutral  in  reaction,  then  the  ethereal  extract  filtered  and  dried.  The 
residue  is  extracted  with  boiling  alcohol  and  on  cooling  stercorin  crystal- 
lizes out  in  long  fine  needles  radiating  from  centers. 

Stercorin  (Coprosterin)  is  soluble  in  CHCl.,,  and  the  solution  gives 
with  concentrated  H2SO4  at  first  a  yellow  color,  which,  by  standing, 
changes  to  an  orange  and  then  a  dark  red.  In  the  Liebermann  test  it 
gives  at  once  a  blue  color,  changing  to  a  green.  The  most  probable 
formula  is  CjyH^gO.  Unlike  cholesterol  it  does  not  take  up  bromine. 
The  specific  rotation  (ar)p  =  -|-  24°. 

In  the  feces  of  horses,  cows,  sheep  and  rabbits  there  is  a  hippo- 
coprosterol,  or  hippostercorin,  CarHg^O,  which  is  the  phytosterol  of 
grass,  which  has  passed  through  the  intestine  unchanged.  Gardner  and 
Uoree  have  proposed  to  call  it,  therefore,  chortosterol  (Gr.  chortos, 
grass).  This  substance  melts  at  78.5-79.5°.  It  is  optically  inactive  and 
gives  no  cholesterol  color  reactions.  It  is  stated  by  Bondzynski  that  dog's 
feces  do  not  reduce  cholesterol  to  stercorin. 

The  following  experiment  on  the  influence  of  diet  on  the  excretion 
of  stercorin  was  tried  by  Bondzynski  and  Humnicki.  In  five  days  on  a 
normal  diet  the  weight  of  stercorin  in  the  feces  was  4.30  grams.  The 
next  five  days  one  gram  of  cholesterol  was  daily  added  to  the  food, 
making  5.0324  grams  in  all.  In  these  five  days  there  were  excreted  5.835 
grams  of  stercorin,  and  in  the  following  five,  when  no  cholesterol  was 
added  to  the  diet,  7.3694  grams,  making  a  total  increase  of  4.629  grams. 
Of  cholesterol  they  found  only  0.5326  gram.  In  the  following  two  days 
1 .4071  grams  stercorin  and  in  the  second  period  of  1  gram  cholesterol  per 
day,  for  five  days,  6.2812  grams  stercorin  were  obtained.  So  that  in 
one  ease  only  -10  per  cent,  and  in  the  other  only  3  per  cent,  of  the 
cholesterol  taken  were  refound  in  the  feces,  the  rest  having  been  trans- 
formed into  stercorin.  In  human  bile  cholesterol  has  been  found  to  be 
between  .06-.6  per  cent.  It  may  be  said  then,  roughly  speaking,  that 
about  one  gram  a  day  of  cholesterol  may  be  discharged  into  the  in- 
icstine  from  the  bile.  The  feces  contain,  on  the  average,  about  0.9  gram 
of  stercorin  per  day. 

Phospholipins  in  bile. — Bile  contains  also  considerable  quantities 
of  lecithin  and  other  phospholipins.  In  human  and  dog  bile,  the  lecithin 
computed  from  the  phosphorus  is  generally  given  as  from  1-7  per  cent, 
of  the  alcohol-soluble  substances,  but  Hammarsten's  investigations  of 
human  bile  show  that  the  amount  of  phospholipln  is  much  greater  than 
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this  and  is  indeed  as  high  as  that  of  the  polar  bear.  The  alcohol-soluble 
part  of  the  bile  contained  1.047  per  cent.  P,  which  calculated  as  lecithin 
would  be  29.75  per  cent.  In  the  bile  of  the  polar  bear  23.5  per  cent,  of 
the  alcohol-soluble  solids  were  calculated  as  lecithin.  Thudichum  states 
that  thene  is  no  lecithin  in  ox  bile,  but  in  place  of  it  another  phospholipin. 
in  which  the  relation  of  P :  N  is  as  1 : 4.  Lecithin  is  certainly  present  in 
polar  bear  bile,  according  to  Hammarsten,  because  a  phospholipin  was 
obtained  in  which  P :  N  as  1:1  and  from  which  stearic,  oleic  acids, 
glycerol  and  choline  were  isolated. 

The  amount  of  phosphorus  in  the  alcohol-soluble  solids  of  the  bile 
of  different  animals  and  the  amount  of  lecithin,  computing  the  latter 
from  the  phosphorus  on  the  supposition  that  all  phospholipin  is  lecithin 
and  contains  oleic,  palmitic  or  stearic  acids  and  so  3.94  per  cent,  of  P, 
is  given  in  the  following  table : ' 

The  Amount  of  Lecithin  in  the  Alcohol-Soluble  Solids  of  Vakious  Biles. 

(Hammarsten.) 

P—  Lecithin- 

pur  cent.  per  cent. 

Polar  bear  0.911-1.14  23.12 -2S.96 

Man   (bladder  bile)    0.048-1.17  1.33-29.75 

Man   (fistula  bile)    0.100 -0.6II  2.54-15.5 

Dog 768  19.50 

Land-bear    502  12.74 

Orang-utang    420  10.67 

Pig    334  8.47 

Python    332  8.43 

Sheep 289  7.35 

Musk-ox 272  7.04 

Hippopotamus 191  4.86 

Ox     181  4.60 

Seal   (Phoea  Gr.) 168  4.27 

Goose    162  4.10 

Walrus   ;043  1.08 

Sea-wolf 033  0.81 

Haddock Not  determinable 

There  are  probably  other  phosphatides  (phospholipins)  in  the  bile 
than  lecithin,  since  one  phospholipin  had  N :  P  as  3 :  S  and  another 
N :  P : :  2 : 1.  A  similar  phosphatide  was  obtained  from  brain  by  Thu- 
dichum and  named  sphingomyelin. 

Nothing  is  certainly  known  concerning  either  the  function,  origin  or 
fate  of  this  bile  phospholipin.  Possibly  it  is  derived,  like  the  cholesterol, 
from  the  red  blood  corpuscles  and  it  no  doubt  contributes  toward  giving 
bile  its  power  of  dissolving  fats  and  cholesterol.  Presumably  it  is  split 
and  digested  in  the  intestine  by  the  lipase  of  the  intestinal  secretions. 
The  lecithin  content  is  highest  in  the  polar  bear  bile  and  this  animal 
feeds  on  seals,  which  contain  large  quantities  of  fat.    The  great  varia- 

>  Hammarsten,  Erpehnisse  der  Physiologie,  4,  1905,  p.  15. 
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tioii  in  the  biles  of  human  beings  would  perhaps  point  to  some  variation 
in  the  diet  as  a  cause.  The  phospholipins  of  the  bile  are  combined,  it 
appears,  in  part  at  least,  with  the  bile  salts,  since  they  are  precipitated  in 
part  with  them  by  ether  from  the  alcohol  solution,  and  in  part  they  remain 
in  the  ether  and  hold  some  of  the  bile  salts  in  solution  in  a  liquid  in 
which,  when  pure,  they  are  insoluble.  It  may  be,  however,  we  are  deal- 
ing here  with  different  phosphatides,  one  of  which,  like  cephalin,  may 
be  insoluble  in  ether  j  the  other,  like  lecithin,  soluble.  The  fact  that 
some  of  the  phospholipin  is  precipitated  with  the  bile  salts  by  ether 
and  that  some  of  the  bile  salts  remain  in  solution  with  the  lecithin  makes 
all  the  older  analyses  of  the  bile  which  did  not  take  account  of  this  fact 
unreliable. 

Mucin. — -Bladder  bile  is  viscid,  or  slimy,  due  to  its  containing  a 
mucin-like  substance  secreted  by  the  walls  of  the  gall  bladder.  Most 
of  this  mucin-like  substance  is  not  a  true  mucin,  but  a  phosphoprotein 
(nucleo-albumin),  which  yields  no  sugar  on  hydrolysis  and  contains 
much  more  nitrogen  (16.14  per  cent.)  than  a  true  mucin.  A  small 
amount  of  true  mucin  may,  however,  be  present  in  human  bile,  but 
according  to  Hammarsten  this  is  secreted  by  the  gall  ducts  and  is  cer- 
tainly present  in  small  amounts.  This  so-called  slime  or  mucin  can  be 
precipitated  by  alcohol  and  it  yields  ordinarily  a  small  amount  of  a 
reducing  sugar  on  hydrolysis.  Since  many  substances  besides  mucin, 
such  as  phosphatides,  glycogen,  dextrin,  etc.,  have  this  same  property, 
the  appearance  of  a  reducing  substance  under  these  circumstances  is  no 
proof  that  mucin  is  present.  Wahlgren  has  obtained  a  secretion  from 
the  human  gall  bladder  free  from  bile  and  finds  it  generally  colorless 
and  containing  a  nucleo-albumin,  a  little  globulin  and  albumin.  The 
presence  of  a  phosphoprotein  is.  therefore,  undoubted,  but  whether  true 
mucin  is  present  or  not  cannot  be  stated  with  certainty.  No  function 
has  been  found  for  the  mucin-like  bodies  in  the  bile. 


BACTERIAL  DECOMPOSITION  OF  FOODS  IN  THE 
INTESTINE. 

Both  the  unabsorbed  food  and  the  digestive  .-juices  are  subjected  in 
the  intestine,  and  particularly  in  the  large  intestine,  to  the  decomposing 
action  of  myriads  of  bacteria  and  the  products  thus  formed  are  of  the 
greatest  importance  to  the  organism.  Many  of  them  are  toxic,  produc- 
ing hpadaohes.  drowsiness,  or.  at  times,  irritability,  causing  'loprossion 
and  a  gonoral  feeling  of  malaise.  By  the  destruction  of  red  bloorl  cor- 
puscles they  are  one  of  the  fartors  in  anemia.  That  these  products  pre- 
dispose, also,  to  various  infections,  particularly  of  the  skin,  but  of  nthev 
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parts  of  the  body  as  well,  there  can  be  no  doubt.  The  study  of  these 
decomposition  products  and  the  discovery  of  methods  for  limiting  them 
becomes,  therefore,  of  great  importance  in  hygiene.  The  toxic  substances 
are  derived  in  large  measure  from  the  proteins  and  are  formed  by 
putrefactive  processes.  The  carbohydrates  are  decomposed  by  fermenta- 
tion. But  there  is  no  essential  difference  in  kind  between  fermentation 
and  putrefaction,  although,  strictly  speaking,  a  fermentation  should  in- 
volve the  liberation  of  a  gas. 

The  bacteria  are  found  all  the  way  from  close  below  the  pylorus 
to  the  rectum  in  constantly  increasing  numbers,  but  the  numbers  in  the 
small  intestine  are  small  compared  to  the  large.  It  is  iu  the  large  in- 
testine, the  ascending,  transverse  and  descending  colon  in  which  the 
intestinal  contents,  not  reabsorbed,  are  stored  for  some  time  that  the 
main  putrefaction  occurs.  The  chyme  leaving  the  stomach  is  often 
sterile,  but  as  acidity  is  neutralized  a  constantly  increasing  flora  is  found. 
The  contents  of  the  small  intestine  are  sometimes  weakly  acid  throughout 
and  this  reaction  is  unfavorable  for  the  bacteria.  The  intestinal  con- 
tents even  at  the  junction  of  the  colon  with  the  ileum  are  not  at  all 
fecal-like.  They  are  generally  slightly  acid  in  reaction,  semifluid  in 
consistence,  and  they  are  nothing  more  than  the  undigested  remnants  of 
the  foods,  cellulose,  some  starch,  some  meat  fibers,  seeds,  particles  of  peas 
not  fully  digested  and  also,  in  considerable  part,  the  unreabsorbed  secre- 
tions of  the  alimentary  canal.  It  sometimes  happens  that  an  artificial 
fistula  must  be  made  at  the  end  of  the  small  intestine  because  of 
tumor  of  the  large  intestine,  and  by  this  means  knowledge  has  been 
obtained  of  the  character  of  the  material  going  into  the  large  intestine 
and  the  time  it  takes  to  pass  through  the  intestine.  It  has  been  observed 
that  the  discharge  in  such  cases  is  not  of  a  fecal  nature.  The  time  re- 
quired for  the  food  to  traverse  the  stomach  and  the  small  intestine  to 
such  a  fistula  naturally  varies  somewhat  with  the  character  of  the  meal 
and  the  idiosyncrasy  of  the  patient,  but  in  round  numbers  it  may  be  said 
that  the  first  discharge  from  the  end  of  the  ileum  takes  place  about 
four  hours  after  eating  and  the  discharge  persists  for  about  two  hours. 
The  amount  discharged  is  small  compared  to  the  bulk  of  the  food  eaten; 
practically  all  water  is  absorbed  and  90  per  cent,  of  the  solids  of  the 
foods. 

Formation  of  the  feces. — The  transformation  of  the  undigested  rem- 
nants of  the  food  and  the  secretions  of  the  intestine  not  reabsorbed  into 
tlie  typical  dark  brown  feces  occurs  in  the  large  intestine,  where  during 
a  period  varying  from  ten  hours  to  two  days  the  remnants  of  the  foods 
undergo  putrefactive  changes  and  fermentative  decompositions  pro- 
duced by  myriads  of  bacteria.  Since  the  absorbing  powers  of  the  large 
intestine  are  very  great,  these  products  are  reabsorbed  and,  coursing 
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throughout  the  body  in  the  blood,  produce  in  it  changes  already  men- 
tioned, finally  finding  their  exit  in  the  urine,  the  perspiration  or  in  the 
breath,  which  when  this  decomposition  is  unusually  abundant  may  have 
a  very  marked  fecal  odor. 

The  number  of  bacteria  in  the  feces  is  almost  incredibly  large. 
Something  between  one-half  and  a  fourth  of  the  dry  matter  of  the  feces 
consists  of  the  bodies  of  bacteria.  In  a  milligram  of  feces  there  are 
found  by  culture  methods  of  living  bacteria  in  normal  men  on  a  some- 
what restricted  diet  26,000,000  bacteria.  There  are  in  addition  large 
numbers  of  dead  bacterial  cells,  which  can  be  computed  by  centrifuging 
an  emulsion  of  feces  so  that  the  coarser  fragments  are  thrown  out  and 
only  "the  bacteria  left  in  suspension,  and  then  counting  under  the 
microscope  the  number  of  bacteria  in  a  given  volume.  By  this  means  the 
total  number  of  living  and  dead  bacteria  excreted  in  the  feces  per  (Jay 
by  healthy  young  men,  on  a  restricted  diet  in  a  metabolism  experiment, 
was  found  to  be  on  the  average  500X10'". 

The  weight  of  dried  feces  passed  per  day  is  on  the  average  in  such 
conditions  15-25  grams,  and  of  moist  feces  80-120 ;  but  the  amount  may 
bf-  much  larger,  particularly  on  a  diet  containing  a  good  deal  of  in- 
digestible substance  such  as  cellulose.  Of  the  15-25  grams  of  dry  matter 
4-5  grams  consist  of  bacterial  bodies.  Of  the  total  nitrogen  in  the  feces, 
which  may  be  on  the  average  about  1.5  grams,  one-half  is  bacterial 
nitrogen. 

The  foregoing  figures  will  give  an  idea  of  the  enormous  numbers  of 
bacteria  in  the  feces  and  will  make  one  appreciate  the  probable 
very  great  importance  of  the  products  of  their  metabolism  in  human 
life. 

The  kind  of  bacteria  which  are  present  is,  of  course,  of  even  greater 
importance  than  their  numbers,  since  the  character  of  the  putrefactive 
and  fermentative  products  formed  is  dependent  on  the  species  of 
bacteria.  Ordinarily  many  different  kinds  of  bacteria  are  found  and 
the  character  of  the  flora  varies  from  time  to  time.  The  greater  number 
■  of  the  bacteria  are  bacilli  of  the  type  of  the  bacillus  coli  communis,  but 
there  are  many  races  of  this  organism,  some  being  much  more  toxic  than 
others.  To  this  same  group  of  organisms  belong  the  paratyphoid  and 
the  dysentery  organisms  and  the  connection  between  them  and  patho- 
genic forms,  such  as  the  typhoid  bacillus,  is  still  uncertain.  The  bacillus 
coli  communis  is  a  facultative  anaerobe,  that  is  it  can  grow  both  in  the 
presence  and  in  the  absence  of  oxygen.  It  ferments  glucose  and  lactose, 
forming  lactic  acid,  alcohol  and  carbon  dioxide ;  in  anaerobic  conditions, 
in  the  absence  of  sufficient  carbohydrate,  it  forms  from  the  proteins 
scatole  and  indole,  the  substances  in  the  feces  which  produce  the  typical 
odor ;  and  it  will  split  off  hydrogen  sulphide  from  cysteine  and  cystine. 
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The  study  of  the  bacterial  flora  and  in  particular  the  careful  study  of 
its  variation  in  health  and  disease  and  the  different  strains  of  the  colon 
bacillus  from  different  individuals  is  a  matter  of  the  greatest  hygienic 
importance,  in  which  as  yet  hardly  more  than  a  beginning  has  been 
made. 

Bacterial  decomposition  of  the  carbohydrates.  The  bacteria  form 
from  the  unreabsorbed  carbohydrates  and  cellulose,  carbon  dioxide, 
butyric,  lactic  and  other  acids,  alcohol,  hydrogen,  methane  and  other 
substances.  Of  these  hydrogen,  methane  and  carbon  dioxide  form  a 
large  part  of  the  gases  of  the  intestine.  An  analysis  of  human  intes- 
tinal gases  has  shown  the  following  composition  in  100  volumes 
(Ruge) : 

Vegetable  diet  CO  ,  21-34;  H  ,  1.5-4  ;  CH^,  44-55;  N^,  10-19 

Meat    diet    CO^,     8-13;  H^,  0.7-3   ;  CH*,  26-37;  N^,  45-64 

Milk  diet    CO,     9-16;  H^    43-54;  CH  ,     0.9   ;  K  ,  36-38 

Lactic  acid  and  alcohol  are  reabsorbed  and  burned  by  the  body.  That 
still  other  substances  are  produced  from  the  carbohydrates  is  undoubted, 
but  their  nature  and  action  are  unknown.  None  of  the  products  of  carbo- 
hydrate bacterial  decomposition  is  harmful  so  far  as  known,  although 
the  gas  formation  may  be  distressing. 

Bacterial  decomposition  of  the  fats.  The  fermentation  of  the  un- 
reabsorbed fats  and  fatty  acids  seems  to  have  been  but  little  studied.  The 
author  has  not  found  any  data  on  the  subject. 

Bacterial  decomposition  of  the  proteins.  It  is,  however,  from  the 
putrefactive  decomposition  of  the  proteins  that  the  most  toxic  sub- 
stances are  produced.  The  amino-acids  of  the  proteins  set  free  by  the 
intestinal  enzymes  are  physiologically  quite  inert.  They  are  absorbed 
and  serve  as  foods.  If  they  are  introduced  directly  into  the  blood,  they 
cause  no  physiological  reaction  whatever.  The  bacteria,  however,  like 
the  cells  of  the  body,  have  the  power  of  tearing  these  amino-acids  to 
pieces  and  some  of  the  products  are  very  toxic. 

In  the  first  place,  it  is  certain  that  they  have  the  power  of  deamidizing 
the  amino-acids,  setting  free  ammonia  and  leaving  the  fatty  acid.  It  is 
not  yet  certain  whether  in  the  intestine  this  process  involves  the  oxida- 
tion of  the  amino-acid  to  the  ketonic  acid  first,  as  is  the  case  in  the 
oxidation  of  the  amino-acids  in  the  tissues  of  the  body  (see  page  810),  or 
whether  the  deamidization  may  be  brought  about  by  a  hydrolysis.  In 
any  case,  if  the  oxy-acids  are  thus  formed,  they  are  subsequently  re- 
duced so  that  from  the  amino-acids  the  fatty  acids  are  produced.  This 
may  be  illustrated  by  the  decomposition  of  tryosine  or  phenyl  alanine, 
which  has  been  most  carefully  studied: 
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A  very  important  change  is  the  splitting  off  of  carbon  dioxide  by  tho 
action  of  so-called  carboxylase  bacteria.  This  may  happen  either  be- 
fore or  after  deaminization.  If  it  happen  before  deaminization,  amines 
of  a  highly  toxic  character  are  produced.  Such  amines  produced  by 
bacteria  from  amino-acids  are  called  ptomames  by  Gautier.  As  this 
is  a  process  of  great  importance  to  the  body  we  may  examine  it  a  little 
more  at  length.  Thus  from  histidine  there  is  formed  imidazolylethyl 
amine;  from  alanine,  ethyl  amine;  from  tyrosine,  phenyl-ethyl  amine; 
from  arginine,  agraatine,  or  guanidine-butyl  amine.  Their  formation  is 
illustrated  in  the  following  reactions : 

1.     CH^.CH(NH,).COOH  =  C0^  +  CH^.CH^(NH^) 
Alanine."  Ethyl  amine. 

C„H^  ( OH )  .CH,.CH  ( NH^ )  .COOH  =  CO^  -|-  C,H^  ( OH )  .CH^.CH^.NH^ 

Tyrosine.  '       Tyramine 

C  N  H  .CH  .CH  (NH  )  .COOH  =  CO  +  C  H  N  .    CH  .CH  .NH 

3      232  2  2'aa2  22  2 

Histidine.  Imidazolylethyl  amine.     (Histamine; 

NH,— C  ( NH )  — NH.CH^.    ( CH, )  ,.CHNH,.COOH  = 

Arpninp. 
CO^-|-NHj.C(NH)-NH.    CH„.(CHJ^ 
Agmatine. 
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Such  substances  have  been  called  by  Kutscher,  aporrhegmas  (Gr. 
apo,  from;  rhegma,  a  fracture).  Such  aporrhegmas  are  the  active 
principles  of  ergot.  These  substances  have,  in  many  instances,  a  power- 
ful effect  on  the  blood  pressure  and  may  be  of  great  importance  in  the 
production  of  high  blood  pressure  and  the  resulting  thickening  of  the 
artery  walls.  They  are  very  common  in  the  metabolic  products  of  plants 
and  they  are  formed  also  in  the  metabolism  of  animals,  since  the  power 
of  splitting  carbon  dioxide  from  the  amino-acids  appears  to  be  very 
general.  Imidazolylethyl  amine,  or  histamine,  produces  vasodilation, 
lowers  the  coagulability  of  the  blood,  and  has  been  isolated  from  Witte's 
peptone  and  from  the  mucosa  of  the  intestine.  After  the  injection  of 
considerable  doses  of  histamine  fully  half  the  plasma  of  the  blood  escapes 
into  the  tissues,  producing  a  great  fall  of  blood  pressure,  and  great 
increase  of  viscosity.  Adrenaline,  the  active  principle  of  the  supra-renal 
glands,  is  a  substance  of  this  nature,  being  a  methylated  ethyl  amine 
derivative  of  the  following  composition : 

CgH^  ( OH )  ^CH  ( OH )  .CH,.NH  ( CH^ ) 

It  can  hardly  be  doubted  that  similar  amines  are  produced  from  the 
other  amino-acids,  such  as  tryptophane,  which  gives  rise  to  indole  ethyl 
amine.  Either  histamine  or  its  mother  substance  seems  to  be  formed 
in  every  tissue  of  the  body. 

APORBHEGMAS.*      AiX   the    FEAGMENTS  t    OF   THE    AMINO- ACIDS    WHICH    ARE    FORMED 

m  A  Fhysiolooicax  Way  During  the  Lite  of  Plants  and  Animals. 

Amino-aoid  Aporrhegma  Methylated  apoirhegma  amino-acid 

Histidine  Imidazolylethyl  amine  (Histamine) 

Arginine  Ornithine:  agmatine;  tetra-        Tetramethylputreseine 

methylenediamine ;  d-aminoval- 
erianic  acid 
Lysine  Pentamethylenediamine 

(Cadaverine) 
Glutamic  add  7 -aminobutyrie  acid  (y-Butyro-betaine  (  y-trimethyl 

o-oxy-beta-  amino  butyricj 

Asparticacid      -alanine  butyro-betaine) 

GlycocoU  Methyl  amine  Sarcosine. 

Betaine 
Alanine  Ethyl  amine 

Leucine  Isoamylamine 

Proline  Pyrrolidine  N-methyl  pyrrolidine      Staehydrine 

Phenyl  alanine  Phenyl-ethyl  amine 

Tyrosine  p-oxyphenylethylamine  (Tyramine)   Hordenine  Surinamine 

Tryptophane     Indole;  soatolel  Hypaphorine 

indolethylamine  (trimethyl 

tryptophane 
betaine. ) 
*  Kutscher  and  Ackermann :  Zeit.  f.  physiol.  Chem.,  69,  1910,  p.  265. 
t  It  is  better  to  limit  the  term  to  the  nitrogen-containing  products.    A.  P.  M. 

The  decomposition  of  cysteine  has  not  been  fully  worked  out,  but  from 
the  presence  of  mercaptans,  such  as  methyl  and  ethyl  mercaptans, 
CHa.CHjSH,  in  the  feces,  it  is  probable  that  there  is  a  preliminary  de- 
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earboxylation,  with  the  formation  of  a  thio-ethyl  amine  as  an  interme- 
diate product : 
SH.CH  .CHNH   COOH  ►  CO  +  SH.CH  .  CH  NH     "  SH.CH  .OH   4-NH 

2  2  2'  222  23^^3 

Cysteine.  Thioethyl  amine,  or  Ethyl  mercaptan. 

amino-ethyl  mercaptan. 

If  the  splitting  off  of  the  carbon  dioxide  occurs  after  the  deamidiza- 
tion  an  amine  cannot,  of  course,  be  formed,  but  the  next  lower 
carboxylic  acid  is  produced  by  way  of  the  aldehyde.  Thus  from  tyrosine 
there  may  first  be  formed  phenyl-pyruvic  acid,  which  may  be  reduced 
to  phenyl-lactlc  acid,  reabsorbed  and  re-excreted  in  the  urine;  or  the 
phenyl-pyruvic  acid  may  be  split  into  phenyl  acetaldehyde  and  carbon 
dioxide,  and  the  former  be  oxidized  into  phenyl-acetic  acid,  which  is 
excreted  in  the  urine.  Phenyl-acetic  acid  is  the  mother  substance  of 
homogentisic  acid  and  other  aromatic  compounds  of  the  urine.  Phenol 
or  cresol  may  be  set  free. 

These  deamidized  compounds  have  not  as  yet  been  shown  to  have 
any  physiological  action.  But  from  tryptophane  by  a  similar  decom- 
position indole  and  scatole  are  set  free  and  these  bodies  are  toxic  and 
give  part  of  the  bad  odor  to  the  feces.  The  formation  of  indole  and 
scatole  is  shown  in  the  reactions  just  given,  although  the  intermediate 
products  have  not  been  thoroughly  worked  out. 

By  the  decomposition  of  cysteine  and  cystine  hydrogen  sulphide  is 
formed.  This  is  reabsorbed  readily  and  produces  headaches  and  depres- 
sion even  when  reabsorbed  in  small  quantities  and  it  is  presumably  one 
of  the  factors  causing  solution  of  the  red  blood  corpuscles  and  so  the 
anemia  seen  in  those  having  chronic  constipation.  Mereaptans,  that  is 
ethyl  or  methyl  sulphide,  may  also  be  formed  and  these  are  very  ill- 
smelling  compounds. 

From  the  conjuga,ted  proteins  the  decomposition  of  the  prosthetic 
group,  such,  for  example,  as  that  of  the  nuclein  bases,  may  give  rise  to 
other  products  of  importance  to  the  body.  But  this  matter  has  not  yet 
been  sufficiently  investigated  to  permit  of  any  definite  statements  being 
made. 

It  has  been  suggested  that  substances  having  the  property  of  raising 
blood  pressure  may  be  produced  from  tyrosine  in  putrefaction  and  that 
these  substances  are  active  in  causing  arteriosclerosis  and  the  ills  which 
follow  from  this.  Since  a  man  is  said  to  be  as  old  as  his  arteries  it 
would  appear  possible  that  intestinal  putrefaction  may  be  a  factor  in  the 
production  of  the  decrepitude  of  old  age,  as  Metchnikoff  has  suggested. 
To  what  extent  putrefaction  produces  premature  decrepitude  cannot  be 
stated  without  more  investigation. 

There  can,  however,  be  no  question  of  the  importance  of  these  putr;; 
factive  substances  in  the  general  well-being  of  the  individual.  We  are 
all  constantly  exposed  to  food  poisonings,  which,  when  slight,  are  gen- 
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erally  overlooked  as  the  true  cause  of  inefficiency,  depression,  sluggish 
mental  processes,  dissatisfaction  or  abnormal  irritability.  Particularly 
chicken,  veal  and  pork  are  liable  to  contamination  from  some  person 
handling  these  meats  in  the  kitchen,  who  may  carry  a  peculiai-  race  of 
bacteria.  Such  food  poisonings  may  come  from  infected  meat-choppers, 
so  that  hashed  meat  is  more  apt  to  be  a  source  of  trouble  than  unhashed. 
If  the  bacteria  are  not  killed  in  the  subsequent  cooking,  and  the  hash 
is  kept,  as  it  is  in  restaurants,  it  may  give  rise  to  symptoms  of  food 
poisoning  more  or  less  marked.  These  symptoms  generally  come  on  in 
1-5  hours  after  a  meal,  if  they  are  due  to  ptomaines  or  toxic  substances 
already  formed  in  the  meat  before  eating;  but  the  bacteria  themselves 
may  develop  in  the  intestine  and  form  toxic  substances.  In  such  cases  the 
onset  of  the  symptoms  is  delayed  coming  12-48  hours  after  the  meal,  vary- 
ing with  different  individuals.  If  the  symptoms  are  not  well  marked  so 
as  to  lead  to  cramps,  prostration  and  diarrhea,  by  which  the  bacteria  are 
swept  out  of  the  system,  f  uly  feelings  of  drowsiness,  headache,  migraine, 
lassitude  or  depression  often  preceded  by  mental  or  sexual  excitement 
are  produced,  and  the  real  cause  of  the  trouble  is  overlooked.  The  symp- 
toms are  often  extremely  baffling  and  are  referred  to  the  nervous 
system,  the  ductless  glands  or  any  other  rather  than  the  true  cause. 
Moreover,  when  once  such  a  bacterium  is  lodged  in  the  canal  it  may 
persist  for  a  long  time  and  the  effects  of  a  single  food  poisoning  in  an 
experiment  on  human  metabolism  were  found  to  be  clearly  perceptible 
for  a  month  or  longer.  These  facts  make  it  desirable,  in  case  of  head- 
ache, drowsiness  or  depression,  even  though  there  be  no  symptoms  of 
deranged  digestion  or  constipation,  to  try  the  effects  of  a  good  purge. 
The  effect  on  the  mentality  is  often  remarkably  prompt. 

The  putrefactive  processes  in  the  intestine  have  also  a  remarkable 
relation  to  the  skin.  In  nearly  all  cases  of'  excessive  intestinal  putre- 
faction the  skin,  and  perhaps  the  whole  organism,  has  its  vital  resist- 
ance lowered.  Pimples,  pustules,  acnes  and  boils  are  constantly  forming. 
The  spotted  skin  is  generally,  although  not  always,  a  sign  of  intestinal 
putrefaction.  This  condition  is  generally  referred  by  the  laity  to  im- 
pure blood;  and  to  cure  it  sulphur,  burdock  root  and  other  local  reme- 
dies, are  recommended  as  blood  purifiers.  •  Without  exception  all  these 
.  blood  purifiers,  so  called,  are  intestinal  purgatives  and  their  therapeutic 
action  is  due,  in  large  measure  at  least,  to  their  power  of  sweeping  the 
intestine  clean.  Cold  sores  on  the  lips  often  have  a  similar  origin.  The 
increased  sensitiveness  of  the  skin  to  infection  of  the  hair  follicles  is 
shown  also  in  many  eases  of  eczema,  which  may  greatly  improve  if  the 
diet  is  limited  or  if  fasting  is  practised.  Many  hidden  or  chronic  slight 
inflammations  are  often  stimulated  to  become  acute,  or  more  active,  by 
intestinal  putrefaction.  Thus  colds  may  develop,  catarrli  become  worse, 
chronic  nephritis  of  a  mild  type  become  acute,  erythemas  develop  in 
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various  parts  of  the  body  or  even  qjd  healed  wounds  with  bad  circulation 
may  inflame  and  break  out  afresh  from  this  cause;  and  by  attention 
to  diet,  or  by  the  use  of  good  purges,  these  results  may  be  avoided. 

The  question  is  still  unsolved  whether  besides  their  evil  products  the 
bacteria  of  the  colon  are  also  producers  of  some  essential  products.  Bac- 
teria are  certainly  not  necessary  for  development,  since  the  alimentary 
canal  of  the  new-born  is  sterile.  Chickens  have  been  hatched  and  raised 
under  sterile  conditions ;  and  guinea  pigs  removed  by  Csesarean  section 
have  been  found  to  grow  and  utilize  their  food  when  fed  on  sterile 
diets  under  aseptic  conditions.  As  yet  these  bacteria  have  not  been 
found  to  do  good;  but  they  certainly  cause  much  evil.  And  while  it 
will  not  do  to  condemn  theni  completely  without  farther  investigation, 
it  would  appear  at  the  present  time  the  part  of  wisdom  to  reduce  putre- 
faction in  the  intestine  as  far  as  possible. 

Methods  of  reducing  putrefaction.  The  easiest  method  of  reducing 
putrefaction  is  by  a  strict  limitation  of  the  diet,  a  reduction  in  the 
proportion  of  meat  and  a  more  thorough  mastication  of  that  which  is 
eaten.  By  the  careful  use  of  these  two  precautions  Mr.  Horace  Fletcher 
and  others  who  have  adopted  his  methods  have  been  able  to  so  reduce 
putrefaction  in  the  intestine  that  the  feces  are  entirely  without  odor. 
The  general  condition  of  these  men  has  been  greatly  improved.  Men 
and  women  of  sedentary  habits  are  very  apt,  particularly  after  the 
age  of  forty,  to  eat  too  much  meat.  The  exact  quantity  and  the  par- 
ticular quality  of  food  most  conducive  to  happiness,  health,  efficiency 
and  retention  of  vigor  has  not  yet  been  determined ;  but  two  facts  have 
been  found,  namely,  that  the  retention  of  vigor  late  in  life,  a  green  old 
age,  generally  goes  with  an  abstemious  diet;  and  in  the  second  place, 
many  have  been  greatly  improved  by  a  strong  reduction  in  the  amount 
of  food  eaten  and  in  particular  by  a  reduction  in  the  amount  of  protein 
food.  "We  cannot  do  better  than  to  follow  the  wise  advice  of  Don  Quixote 
to  his  squire,  Sancho  Panza,  as  the  latter  was  about  to  depart  for  the 
Island.  "  Eat  little  at  dinner  and  less  at  supper;  for  the  health  of  the 
whole  body  is  tempered  in  the  laboratory  of  the  stomach." 

Another  method  of  reducing  putrefaction  is  by  eating  carbohydrate 
food  rather  than  protein,  for  the  bacteria  will  not  produce  these  putre- 
factive products  from  the  proteins  as  long  as  there  is  carbohydrate  food 
at  their  disposal.  This  peculiarity  of  the  bacteria,  which  has  been 
studied  by  Kendall,  we  shall  have  to  return  to  under  the  chapter^  on 
metabolism,  since  it  illustrates  a  general  property  of  all  living  matter, 
namely,  that  the  carbohydrates  spare  the  proteins,  and  it  is  only  in  the 
absence  of  the  carbohydrates  that  the  proteins  are  attacked  and  torn  to 
pieces  to  supply  energy.  By  carbohydrate  fermentation,  also,  acidity  is 
increased  and  this  also  has  a  part  in  checking  bacterial  putrefaction, 
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since  many  bacteria  cannot  metabolize  in  the  presence  of  acid.  But 
the  main  action  of  the  carbohydrate  is  that  just  stated,  that  as  long  as  it 
is  present  it  is  utilized  as  a  source  of  energy  and  the  protein  only  to 
build  the  protoplasmic  machine. 

Summary  of  digestive  changes. — The  chief  changes  undergone  by 
the  foods  in  the  intestinal  tract  by  which  they  are  made  available  to 
the  body  may  be  briefly  summarized  as  follows : 

The  proteins  by  the  action  of  pepsin  hydrochloric  acid  of  the  gastric 
juice,  by  the  intestinal  and  pancreatic  juices  containing  enterokinase, 
trypsin  and  erepsin,  are  resolved  into  the  amino-acids  of  wliich  they 
are  composed.  The  compound  proteins,  such  as  the  nucleoproteins,  are 
digested  in  part  by  the  proteolytic  enzymes  and  in  part  by  the  nucleases 
of  the  pancreatic  juice,  with  the  formation  of  phosphoric  acid,  nuclein 
bases,  pyrimidin  bases,  and  presumably  carbohydrate,  from  the  nucleic 
acid.  Hematin  is  split  off  from  hemoglobin.  By  the  action  of  the  bac- 
teria some  of  these  amino-acids  are  further  decomposed,  losing  ammonia 
and  being  converted  into  fatty  acids,  or  by  decarboxylization  being  made 
into  amines,  some  of  which  have  a  very  powerful  action  on  the  blood 
pressure  and  other  functions  of  the  body.  Other  ill-smelling  and  harm- 
ful substances  are  produced,  such  as  some  of  the  mercaptans,  sulphur- 
eted  hydrogen,  indole  and  scatole. 

The  carbohydrates  taken  as  sugars  and  starches  are  digested  by  the 
ptyalin  of  the  saliva,  the  amylopsin,  maltase  and  lactase  of  the  pancreas, 
and  the  invertin  of  the  intestinal  juice  so  that  they  are  all  reduced  to 
the  state  of  monosaccharides.  Some  of  them  are  further  broken  up  by 
the  bacteria,  with  the  formation  of  lactic  acid,  alcohol,  marsh  gas,  hydro- 
gen and  butyric  acid. 

The  fats  acted  upon  by  the  lipase  of  the  stomach  and  that  of  the 
pancreas  and  intestine  are  converted  into  fatty  acids  and  glycerol,  and 
by  means  of  the  bile  salts  are  carried  into  the  intestinal  epithelial  cells. 

In  short,  the  main  object  of  the  whole  process  of  digestion  appears  to 
be  to  resolve  the  various  food  substances  into  those  common  building 
stones,  amino-acids,  monosaccharides  and  fatty  acids,  Which  are  the  com- 
mon basis  of  all  proteins,  carbohydrates  and  fats.  Thus  each  organism 
can  use  these  building  stones  in  the  proportion  and  order  it  needs  to 
construct  its  own  proteins  and  organized  matter,  which  in  each  organism 
has  an  architecture  as  distinct  and  characteristic  as  the  form  of  the  or- 
ganism itself. 

Finally  by  this  decomposition  into  building  stones  but  very  little 
energy  has  been  lost,  and  only  a  very  small  amount  of  heat  set  free. 
The  advantage  of  this  to  the  organism  is  obvious,  for  it  means  not  only 
that  energy  has  not  been  lost,  but  that  very  little  energy  will  be  required 
to  reconstruct  the  tissues  of  the  body. 
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We  may  now  pass  on  to  the  consideration  of  the  changes  undergone 
by  these  building  stones  during  absorption,  and  during  their  stay  in  the 
blood  and  the  tissues. 
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CHAPTER  XI. 
ABSORPTION 

Absorption. — The  foods  in  the  alimentary  canal  are  not  yet,  strictly 
speaking,  in  the  body,  since  the  cavity  of  the  canal  is  in  communication 
with  the  external  world.  How  do  the  digested  foods  get  into  the  body  ?  Is 
it  by  a  simple  physical  process  of  diffusion  or  osmosis  occurring  through 
the  mucous  membrane  of  the  intestine,  between  the  blood  on  the  one  side 
and  the  intestinal  contents  on  the  other?  Or  is  it  by  the  vital  activity  of 
the  epithelial  cells  ?  The  foods  move  in  as  though  there  was  an  attractive 
force  exerted  upon  them  by  the  hungry  body  cells.  We  do  not  believe 
any  such  force  exists,  but  how  is  their  entrance  to  be  explained?  Does 
anything  happen  to  them  during  the  process  of  absorption  ? 

Absorption  takes  place  throughout  the  intestine,  which  is  a  tube 
some  27  feet  long,  without  counting  the  six  feet  of  large  intestine.  It 
is  slight  in  the  stomach ;  most  of  the  absorption  is  in  the  small  intestine. 
Only  a  small  part  of  the  food  remains  to  be  absorbed  in  the  colon. 
The  food  in  the  small  intestine  is  spread  out  as  a  thin  layer  over  the 
surface  of  the  gut.  This  surface  is  enlarged  by  the  presence  of  finger- 
like processes,  the  villi,  which  dip  down  into  the  cavity  of  the  intestine. 
Each  villus  is  supplied  with  artery,  capillaries  and  veins.  It  has  in  the 
center  a  lymph  space  called  a  lacteal,  opening  into  the  chyle  vessels  of 
the  mesentery.  Each  villus  has  both  longitudinal  and  circular  muscular 
fibers  so  that  it  can  expand  and  contract,  taking  up  food  like  a  sponge 
and  being  squeezed  by  the  contraction.  The  mucous  membrane,  which 
lies  between  the  food  and  the  lacteal,  is  thin,  only  about  0.012  mm.  in 
depth.  It  seems  probable  that  a  good  deal  of  the  absorption  is  due  to 
purely  physical  processes  of  diffusion  or  osmosis  of  the  amino-acids  and 
monsaccharides  from  the  intestine,  where  they  are  present  in  quantities, 
into  the  blood  in  which  they  are  present  in  very  small  amounts ;  but  the 
problem  is  not  so  simple  as  this.  This  membrane  of  epithelial  cells, 
although  thin,  is  alive.  The  food  matters  must  pass  through  the  living 
protoplasm  that  is  constantly  altering  its  state.  Such  alterations  in 
activity  constantly  change  the  rate  of  absorption;  they  change  the 
permeability  of  the  cells.  Now  substances  do  not  pass  through  mem- 
branes by  simply  shooting  through  the  holes.  There  is  some  kind  of  a 
union  between  the  solvent  and  the  solute  and  between  the  solvent  and 
the  membrane.  Do  the  substances  go  through  the  cells  because  they  dis- 
solve in  the  water  which  penetrates  the  cell  ?    Or  because  they  unite  with 
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the  organic  basis  of  the  cell?  One  thing  is  probable,  namely,  that  thr- 
activity  of  the  cell  in  some  way  controls  this  process. 

Absorption  of  fats. — That  absorption  is  not  due,  primarily  at  any 
rate,  to  osmotic  pressure  is  shown  by  the  absorption  of  fat.  Fat  is  en- 
tirely hydrolyzed  in  the  intestine.  The  fatty  acids  thus  set  free  are  held 
in  colloidal  solution  by  the  bile  salts,  probably  by  the  union  already  di.s- 
cussed.  The  colloids  have  almost  no  motion  of  translation  and  very  little 
osmotic  pressure  and  yet  the  absorption  of  fats  takes  place  with  speed. 
The  absorption  is  greatly  aided  by  the  bile.  The  bile  salts  are  reabsorbed 
with  the  fatty  acids.  Glycerol  also  passes  into  the  cells.  The  glycerol 
and  fatty  acid  thus  brought  together  in  the  living  cell  are  resjTithesized 
into  neutral  fat,  which  can  be  seen  scattered  about  in  the  cell.  Just 
how  this  resynthesis  is  produced  it  is  at  present  impossible  to  say.  Some 
have  referred  it  to  the  reverse  action  of  the  lipase  of  the  intestinal 
mucosa.  But  while  it  is  true  that  lipase  added  to  oleic  acid  and  glycerol 
causes  some  resynthesis  and  this  resynthesis  is  hastened  hy  the  bile,  yet 
when  water  is  present,  as  it  is  in  the  cells,  the  lipase  produces  only  a 
very  small  amount  of  synthesis.  Moreover  lipase  is  not  found  precisely 
in  those  cells  in  which  the  synthesis  is  going  on  most  rapidly,  as  in  the 
cells  of  the  mammary  glands.  All  of  these  synthses  are  dependent  on 
a  supply  of  oxygen  and  are  inhibited  by  ether,  which  does  not  cheek 
lipase  activity.  The  resynthesis  is  hence,  probably,  one  of  the  synthetic 
powers  of  the  cell  correlated  with  cell  respiration. 

However  the-  resynthesis  of  the  neutral  fats  is  brought  about,  it  cer- 
tainly occurs.  The  very  finely  emulsified  fat  is  discharged  in  some  way, 
in  the  larger  proportion  (60  per  cent,  or  more)  into  the  lacteal  from 
which  it  is  pressed  along  into  the  lymphatics  of  the  mesentery  in  the 
form  of  a  milk-white  emulsion  called  chyle,  into  the  receptaculum  chyli 
and  from  here  it  passes  by  the  thoracic  duct,  which  lies  just  behind  the 
pleura,  not  far  from  the  median  line  posteriorly,  up  to  the  left  shoulder, 
where  it  is  poured  into  the  blood  at  the  junction  of  the  jugular  and  sub- 
clavian vein.  The  chyle  is  forced  up  this  duct  partly  by  the  negative 
pressure  of  the  thorax,  partly  by  the  pressure'  due  to  inspiration  on  the 
abdominal  viscera  and  partly  by  the  pressure  of  the  new  chyle  or  lymph 
behind  it,  coming  from  the  liver  and  other  abdominal  organs.  Not  all  the 
reabsorbed  fat  is  to  be  found  in  the  chyle  thus  discharged  into  the  jugular 
vein.  A  portion  (some  40  per  cent.)  has  disappeared,  perhaps  finding  its 
way  into  the  blood  and  so  to  the  liver ;  or  has  been  eatabolized  during  its 
passage  through  the  mucous  epithelium ;  the  fate  of  this  remnant  is  not 
yet  clear.  Why  the  fat  should  thus  be  passed  into  the  blood  by  going 
around  the  liver  through  the  thoracic  duct  is  not  yet  clear.  But  there  is  very 
little  doubt  that  some  good  reason  exists  for  this  peculiar  arrangement. 

The  chyle  thus  poured  into  the  blood  gives  to  the  blood  serum  or 
plasma  during  the  absorption  of  a  fatty  meal  a  milky  appearance,  and 
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the  amount  of  the  fat  in  the  blood  may  be  so  increased  that  it  will  rise  on 
the  plasma  like  so  much  cream.  By  the  blood  it  is  carried  about  the 
body,  each  tissue  taking  what  it  needs  and  any  excess  being  picked  out 
and  stored  in  the  fat  depots  of  the  body,  the  fat  cells  of  the  adipose  tissue 
of  the  mesentery,  the  pannieulus  adiposus,  or  about  the  internal  organs. 
How  the  blood  fat  finds  its  exit  from  the  blood;  how  it  gets  through 
the  vascular  wall,  whether  by  being  split  into  soaps  and  glycerine  or  as 
neutral  fat ;  and  how  it  is  accumulated  in  fat  tissues,  these  are  problems 
not  as  yet  solved.  There  is  a  lipase  in  the  red  blood  corpuscles  and 
perhaps  all  the  blood  fat  is  rehydrolyzed  before  leaving  the  blood. 

Absorption  of  carbohydrates. — What  if  anything  happens  to  the 
carbohydrates  during  their  passage  through  the  mucuous  membrane  is 
unknown.  They  are  nearly  all  absorbed  in  the  jejunum  and  ileum. 
They  are  believed  to  pass  directly  into  the  blood  capillaries  as  levulose, 
glucose  or  galactose.  Sometimes  maltose,  lactose  and  cane  sugar  are 
absorbed  as  such  and  can  be  detected  in  the  blood  and  urine,  since  the 
two  last  named  sugars  are  not  used  if  they  enter  the  blood,  but  pass  out 
in  the  urine.  If  sugars  are  injected  into  the  blood  they  are  in  part 
excreted  into  the  duodenum  and  presumably  then  reabsorbed.  The 
sugars  thus  absorbed  are  found  in  the  portal  blood  to  the  extent  of 
0.2-0.4  per  cent.  They  pass  to  the  liver,  where  a  portion  may  be  taken 
out  and  stored  in  that  organ  as  glycogen ;  and  in  part  they  circulate  to 
the  other  organs  of  the  body,  each  of  which  removes  from  the  blood  what 
it  needs.  The  sugar  in  the  blood  is  generally  glucose  and  it  is  in  a  form 
which  may  be  dialyzed  out  of  the  blood  by  vivi-diffusion.  Page  470. 
The  ingestion  of  starch  or  sugar  is  always  followed  by  a  rise  in  the 
blood  sugar  which  in  normal  individuals  reaches  a  maximum  value  of 
about  .15  per  cent,  about  2-3  hours  after  a  meal. 

If  sugar  in  a  concentrated  solution  is  ingested  it  may  cause  vomiting, 
and  in  any  case  it  is  diluted  in  the  bowel  by  the  passage  outward  of  water 
through  the  mucous  epithelium.  Ultimately,  if  the  mucous  membrane 
remains  in  a  living,  active  form  the  sugar  and  water  are  reabsorbed. 

Absorption  of  proteins. — The  proteins  are  absorbed  probably  for 
the  most  part,  if  not  altogether,  in  the  small  intestine  in  the  form  of 
amino-acide.  It  is  certain  that  in  the  cephalopods,  in  which  the  condi- 
tions for  studying  this  problem  are  very  good,  owing  to  the  simple  com- 
position of  the  blood,  they  are  absorbed  in  the  form  of  amino-acids. 
There  is  now  good  evidence  that  they  are  absorbed  in  that  form  in  the 
mammals  also,  since  small  amounts  of  the  amino-acids  are  found  in  the 
blood.  (Page  472.)  The  quantity  of  non-protein  and  amino  nitrogen 
increases  in  the  blood  during  the  absorption  of  the  proteins,  the  increase 
being  particularly  shown  in  the  amino  N  of  the  red  blood  corpuscles 
which  rises  4-5  hours  after  a  meal  from  7-8  mgs.  amino  N  per  100  c.c.  of 
corpuscles,  to  20  mgs.  or  more.    The  presence  of  erepsin  in  the  wall  of 
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the  intestine  and  the  elaborate  mechanism  to  secure  the  reduction  of  the 
proteins  to  the  form  of  amino-acids  is  strong  a  priori  evidence  that  they 
are  absorbed  in  this  form.  This  view  is  strengthened  by  the  fact  that  the 
albumoses,  when  brought  directly  into  the  blood  stream,  act  like  foreign 
bodies,  lowering  the  blood  pressure  and  reducing  the  coagulability  of  the 
blood,  whereas  the  amino-acids  are  quite  inert.  There  is  no  doubt  that  at 
times  complex  polypeptides  are  reabsorbed,  since  some  individuals  are 
found  who  have  an  idiosyncrasy  toward  some  one  protein,  reacting  by 
anaphylactic  shock  to  the  ingestion  of  this  particular  protein.  Sometimes  it 
is  the  protein  of  milk,  sometimes  of  egg  or  some  other  protein  of  the  food. 
This  reaction  is  proof  that  at  some  time  this  protein  in  an  unchanged 
form  secured  entrance  to  the  blood.  The  very  fact  that  this  reaction  is 
rare  shows  how  unusual  it  is  for  the  undigested  protein  to  be  reabsorbed. 

There  is  no  question  that  deamidization,  that  is  the  splitting  off  of 
amnio  groups,  occurs  to  some  extent  during  their  passage  through  the 
wall  or  during  their  bacterial  decomposition,  for  the  intestinal  mucosa 
contains  more  ammonia  than  any  other  tissue  of  the  body  with  the  ex- 
ception of  the  stomach  mucosa;  and  the  blood  of  the  mesenteric  veins 
coming  from  the  intestine  carries  from  6-10  times  as  much  ammonia  as 
any  other  blood  in  the  body.  A  part  of  this  ammonia  is  probably 
derived  from  the  amide  nitrogen  split  off  by  tryptic  digestion,  but  a 
portion  also  comes,  no  doubt,  from  the  amino  groups.  What  proportion 
of  amino-acids  are  thus  deamidized  it  is  impossible  to  say,  but  presuma- 
bly not  more  than  a  third  and  it  may  be  less  than  this. 

The  amino-acids  which  get  past  the  intestinal  mucosa  are  found  in 
the  blood  rather  than  in  the  chyle.  Their  discovery  here  has  been  re- 
cently made.  They  do  not  accumulate,  for  they  are  removed  from  the 
blood  by  the  tissues  about  as  rapidly  as  they  enter  it.  At  any  instant  of 
time  there  are,  then,  only  minimal  amounts  present. 

For  a  long  time  it  was  believed  that  the  amino-acids  were  resynthe- 
sized  during  their  passage  through  the  mucosa  into  some  of  the  blood 
proteins  and  probably  into  serum  albumin.  This  was  supposed  to  be  the 
food  of  the  various  tissues.  This  view,  for  which  there  never  was  any 
convincing  or  even  strong  evidence,  has  now  been  rendered  very  un- 
likely by  the  discovery  of  the  constitution  of  the  proteins  and  the 
presence  of  amino-acids  in  the  blood. 

Role  of  the  white  blood  corpuscles  in  absorption.  During  the  absorp- 
tion of  food  and  particularly  of  protein  food,  white  blood  corpuscles  ac- 
cumulate in  the  mucous  membrane  of  the  gut.  They  are  to  be  found  not 
only  beneath  the  epithelial  cells,  but  crawling  between  them  and  even  out 
into  the  lumen  of  the  gut.  They  may  be  seen  also  coming  back  into  the 
chyle  vessels.  The  role  they  are  playing  in  absorption  is  still  quite  ob- 
scure. After  the  absorption  of  a  meal  they  are  found  in  the  blood  in 
unusually  large  numbers.    There  is,  as  it  is  said,  a  digestive  leucocytosis. 
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That  fat  may  be  found  in  the  epithelial  cells  of  the  intestine  indicates 
that  most  of  the  fat  absorbed  goes  through  these  cells  rather  than  through 
the  leucocytes.  The  leucocytosis  is  most  pronounced  during  the  digestion 
of  proteins,  and  since  the  leucocytes  show  themselves  to  be  positively 
chemotactic  toward  any  decomposing  tissue,  or  toward  the  products  of 
digestion  of  proteins  when  the  latter  are  in  capillary  tubes  and  placed  in 
various  locations  in  the  body,  it  has  been  suggested  by  Hofmeister  that 
most  of  the  proteins  are  absorbed  by  uniting  with  the  leucocyte  body.  By 
the  decomposition  of  the  whole  or  a  part  of  the  "body  of  the  cell  they  are 
then  supposed  to  be  set  free.    This  view  does  not  seem  very  probable  in 


Fio.  43. — PoIyfi»iiila  dog  of  London.     The  dog  bas  three  flstulas  at  different  levels  of 
the  Intestine.     One  Is  at  k  and  the  two  others  are  discharging  into  the  vessels  d  and  e. 


the  light  of  the  recent  work,  indicating  that  the  proteins  are  absorbed  as 
amino-acids  and  get  into  the  blood  in  that  form.  It  is  objected  also 
that  the  absorption  is  too  rapid  and  too  large  to  be  accounted  for  by  the 
relatively  small  weight  of  leucocytes  found  in  the  intestine  during  the 
absorption.  The  leucocytes  of  dog's  blood  cannot  weigh  altogether 
more  than  2  grams.  Still  there  are  many  indications  that  the  blood  pro- 
teins may  be  formed  by  the  leucocytes,  and  perhaps  they  are  active  in 
securing  sufficient  protein  to  supply  the  needs  of  the  blood  tissue  alone. 
Further  work  is  needed  before  any  positive  conclusion  can  be  drawn 
concerning  the  role  of  the  leucocytes  during  absorption. 

The  amount  of  absorption  in  different  parts  of  tJie  tract.  By  making 
fistulse  at  various  levels  of  the  alimentary  tract,  London  and  his  co- 
workers have  studied  the  rapidity  of  absorption  during  the  passage  of 
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food  down  the  tract  of  dogs.  They  have  found  that  the  greater  part  of 
the  absorption  takes  place  in  the  upper  parts  of  the  intestine  and  that  at 
the  end  of  the  small  intestine  only  a  small  fraction  of  the  total  food 
remains  to  pass  into  the  colon.  At  least  three-quarters  of  the  food  is 
absorbed  into  the  small  intestine.  "Water  passes  very  rapidly  through 
the  stomach  and  is  absorbed  in  the  intestine. 

Conclusion.  The  absorption  of  the  products  of  digestion  is  in  part 
a  physical  process,  but  in  a  much  larger  degree  it  is  a  physiological 
process  dependent  upon  the  physiological  activity  of  the  cells  of  the 
intestinal  epithelium.  These  cells  have  the  power  not  only  of  reabsorb- 
ing food  products,  but  of  secreting  into  the  bowel  a  good  deal  of  water,- 
salts  and  other  substances.  Moreover  the  solution  of  the  problem .  of 
the  nature  of  the  processes  involved  in  absorption  is  greatly  complicated 
by  the  great  sensitiveness  of  these  cells  to  various  conditions.  It  would 
be  thought  fairly  easy  to  study  absorption  by  means  of  perfusion  experi- 
ments with  defibrinated  blood,  but  such  experiments  have  hitherto  shat- 
tered on  the  impossibility  of  keeping  the  mucous  membrane  in  a  normal 
condition.  Whether  it  is  that  the  epithelium  is  abnormally  sensitive  to 
lack  of  oxygen,  or  whether  the  defibrinated  blood  acts  as  a  poisonous  sub- 
stance, or  for  some  other  reason  the  epithelium  undergoes  very  readily 
a  kind  of  autolysis  in  such  experiments  and  the  perfused  blood  escapes 
into  the  lumen  of  the  intestine.  Certain  it  is  that  the  absorption 
normally  occurs  in  large  measure  in  the  upper  part  of  the  small  intestine 
and  that  relatively  little  remains  to  be  reabsorbed  in  the  colon. 

The  changes  undergone  by  the  food  matters  during  absorption  are 
still  badly  known,  but  the  fats  are  apparently  resynthesized  to  neutral 
fat,  the  carbohydrate  is  absorbed  unchanged  and  the  amino-acids  are  in 
part  deaminized,  but  in  larger  part  they  pass  as  such  into  the  blood. 
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CHAPTER  XII. 

THE  BLOOD.    THE  CIRCULATING  TISSUE. 

Since  each  cell  of  the  body  needs  food  and  oxygen  and  is  injured 
by  the  accumulation  of  its  own  waste  products,  it  is  necessary,  if  a 
multicellular  organism  of  a  large  size  is  to  exist,  that  there  be  some 
means  of  getting  food  and  oxygen  to  the  cells  in  the  interior  of  the 
mass,  and  some  means  of  removing  the  waste  matters.  This  problem  was 
solved  by  one  of  the  tissues,  the  blood,  becoming  liquid  so  that  it  could 
easily  penetrate  all  the  crevices  of  the  body  and  come  into  intimate 
contact  with  every  cell,  and  thus  nourish  it.  There  was  finally;  developed, 
also,  a  system  of  tubes  to  contain  the  blood  and  a  pumping  organ,  the 
heart,  which  drove  it  all  over  the  body.  Every  cell  of  the  body  comes 
then  into  close  contact  with  the  circulating  fluid  and  exchanges  food 
and  waste  products  with  it.  In  some  organisms  this  fluid  bathes  each  cell 
directly,  so  that  all  cells  of  the  body  really  live  in  the  blood.  This  is  the 
case,  for  example,  in  invertebrates  and  in  the  cortical  parts  of  the  supra- 
renal capsules  of  vertebrates  where  there  are  no  capillaries.  In  these 
cases  the  blood  passes  directly  from  the  ends  of  the  arterioles  into  the 
tissue  spaces  and  is  collected  from  these  spaces  into  the  veins.  But 
usually  in  vertebrate  organs  the  blood  is  confined  to  the  blood  vessels.  It 
has  evidently  been  found  on  the  whole  to  be  better,  for  one  reason  or 
another,  to  confine  the  blood  in  this  manner.  The  finer  blood  vessels, 
the  capillaries,  have  walls  so  thin  and  so  permeable,  or  are  physiologically 
so  constituted,  that  oxygen  and  other  gases  and  water,  salts  and  food 
matters  pass  easily  through  them,  so  that  the  tissue  cells,  while  not 
directly  in  the  blood  stream,  are  in  the  lymph,  which  comes  from  the 
blood.  The  principal  advantage  of  a  closed  vascular  system  is  that 
the  circulation  is  probably  more  easily  controlled  with  such  an  arrange- 
ment than  when  the  blood  flows  from  the  arteries  into  lacunar  spaces 
in  the  tissues.  By  this  device  it  is  possible  to  drive  the  blood  faster  past 
the  tissues  and  to  provide  more  food  and  particularly  more  oxygen.  The 
main  difference  in  the  metabolism  of  the  higher  and  lower  vertebrates 
is  the  much  more  intense  oxidation  in  the  higher.  It  is  the  nervous  sys- 
tem which  especially  requires  a  very  large  supply  of  oxygen  and  it  was 
probably  primarily  to  supply  this  tissue,  which  has  the  keenest  metab- 
olism of  all,  that  the  many  devices  for  improving  the  circulation  have 
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been  evolved.  It  must  be  remembered  that  it  is  the  nervous  system 
which  has  been,  on  the  whole,  consistently  selected  in  vertebrate  and 
also  in  invertebrate  evolution.  The  rest  of  the  body  really  exists  for  it. 
Each  cell  of  the  body,  then,  even  of  the  higher  vertebrates,  really  lives 
in  an  aqueous  medium  just  as  do  unicellular  organisms,  which  live  in 
water  itself.  And  for  this  reason  the  blood  has  been  called  the  internal 
medium  of  the  body. 

Lymph. — The  spaces  of  the  tissues  are  filled  with  a  liquid  called 
lymph,  derived  from  the  blood  by  secretion  through  the  capillary  walls. 
Lymph  resembles,  in  many  ways,  the  plasma  of  the  blood,  and  contains 
some  white  corpuscles  or  cells  in  suspension  in  it.  These  are  called 
lymphocytes.  Some  of  this  lymph,  which  is  the  immediate  liquid  en- 
vironment of  the  tissue  cells,  passes  back  to  the  blood  by  absorption 
through  the  capillaries,  but  part  of  it  is  collected  into  thin-walled 
vessels  called  lymphatics,  which  resemble  veins  in  structure,  and  after 
passing  through  lymph  glands  the  liquid  finally  finds  its  way  back  to  the 
blood  by  the  thoracic  duct  and  other  lymphatics  opening  into  the  blood 
at  the  junction  of  the  internal  jugular  and  left  subclavian  vein.  Food 
substances  pass  from  the  blood  to  the  lymph  and  the  cells  take  them 
from  the  lymph.  The  waste  products  pass  in  the  opposite  direction. 
One  object  of  a  separate  lymphatic  system  may  be  to  guard  against  infec- 
tions, since  when  bacteria  find  access  to  the  tissues  they  are  carried  by 
the  lymph  stream  to  the  lymph  glands,  where  they  are  generally  digested 
and  the  infection  is  thus  confined.  There  may  be  other  advantages  also 
in  this  separate  lymphatic  system. 

Functions  of  the  blood. — The  blood  has  four  great  functions:  1.  It 
carries  food  from  the  intestine  to  the  tissues;  and  gaseous  food,  or 
oxygen,  from  the  lungs  to  the  tissues.  2.  It  removes  waste  products 
from  the  tissues  and  carries  them  to  the  kidneys,  lungs,  intestine,  and 
skin,  the  excretory  organs  of  the  body.  3.  It  provides  for  the  metabolic 
co-ordination  of  the  body,  in  that  it  distributes  the  internal  secretions 
from  each  organ  to  other  organs  which  utilize  them.  It  thus  keeps 
tissues,  which  may  be  far  separated,  in  metabolic  co-ordination  or  ex- 
change with  each  other;  it  is  the  internal  medium  of  exchange.  4.  It 
plays  a  very  important  part  in  the  defense  of  the  organism  against  the 
invasion  of  parasites. 

Composition  of  the  blood. — The  blood  is  generally  considered  to  be 
a  liquid  tissue  lying  within  a  system  of  tubes,  the  blood  vessels,  and  the 
latter  are  not  considered  as  part  of  the  blood  itself.  More  correctly, 
however,  both  blood  and  the  endothelium  of  the  blood  vessels  make  part 
of  a  single  system  and  it  is  impossible  to  alter  one  without  at  the  same 
time  altering  the  other.  The  liquid  part  of  the  blood,  the  plasma,  is 
rt^garded  as  corresponding  to  the  lifeless  intercellular  substance  of  con- 


460  PHYSIOLOGICAL   CHEMISTRY 

nective  tissue  and  cartilage ;  the  cells  or  living  part  of  this  tissue  being 
the  red  and  white  corpuscles.  Prom  this  point  of  view  the  liquid  part 
of  the  blood  is  a  lifeless  carrier  of  waste  materials  and  food  substances 
to  the  various  other  tissues  of  the  body  and  only  the  cells  of  the  blood 
are  living.  One  can  look  at  the  blood,  however,  in  a  different  way,  as 
suggested  by  Wooldridge,  and  from  this  point  of  view  it  gains  wonder- 
fully both  in  interest  and  instructiveness.  The  blood  as  a  whole,  includ- 
ing the  endothelial  cells  of  the  blood  vessels,  may  be  considered  to  be 
living  matter,  distinguished  from  most  other  living  matter  by  its  greater 
fluidity.  There  are, -however,  other  kinds  of  living  matter  of  a  liquid 
kind.  The  protoplasm  of  the  amoeba  and  many  plant  cells  is  so  liquid 
that  it  flows  readily  and  is  in  reality  a  circulating  liquid.  The  blood 
plasma  may  be  regarded  as  a  very  liquid  protoplasm  formed  essentially 
by  the  cells  of  the  vascular  endothelium,  by  the  blood  cells  and  the 
hematoblasts.  The  blood  platelets  and  the  red  blood  corpuscles  may  be 
regarded,  from  this  point  of  view,  as  homologous  with  the  granular 
inclusions  of  many  cells.  Blood  separated  from  the  endothelial  cells 
dies  and  clots;  in  just  the  same  way  a  peripheral  nerve  dies  if  severed 
from  its  nutritive  center.  We  shall  in  this  chapter  adopt  this  point 
of  view  of  Wooldridge  and  consider  the  whole  blood,  the  more  liquid 
portions  together  with  the  corpuscles  both  white  and  red,  the  platelets, 
and  the  cells  lining  the  blood  vessels,  as  consisting  of  a  great  mass  of 
living  protoplasm.  The  processes  which  occur  in  the  blood  are  then  in 
many  important  particulars  probably  identical  with  those  occurring  in 
living  matter  generally.  Thus  the  clotting  of  the  blood  is  not  to  be 
regarded  as  a  separate  and  independent  property  peculiar  to  this  tissue, 
but  as  typical  of  similar  processes  occurring  in  every  form  of  living  mat- 
ter. Pbr  all  living  matter  like  the  blood  has  the  property  of  forming  a 
gel  or  clotting.  Blood,  too,  respires,  like  living  matter.  When  the 
amino-acids,  carbohydrates,  etc.,  enter  the  blood  by  diffusion,  or  by  secre- 
tion of  the  endothelial  wall,  they  are  not  then  entering  an  inert  fluid, 
but  they  are  entering  real  living  matter  and  their  subsequent  fate  in 
this  fluid  becomes  extraordinarily  interesting  as  showing  the  probable 
fate  of  similar  substances  in  the  body  cells  generally.  The  proteins  of 
the  blood  plasma  are  not  to  be  considered  as  inert  simple  proteins,  as 
they  are  ordinarily  considered,  as  so  much  globulin,  albumin  and 
fibrinogen  in  solution,  but  they  are  probably  united  in  the  blood  plasma, 
at  least  to  some  extent,  with  phospholipins,  just  as  they  are  in  cells ;  and 
they  probably  make  part  of  a  complex  substance,  in  reality  an  organized 
and  very  unstable  substance,  the  blood  plasma.  The  alkalinity  of  the 
blood  is  about  the  same  as  that  of  the  tissues  generally  and  the  methods 
of  maintaining  its  alkalinity  are  those  employed  by  all  forms  of  living 
matter.   A  study  of  the  alkalinity  of  the  blood,  its  variation  both  physio- 
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logical  and  pathological  and  the  means  employed  to  hold  it  constant, 
throws  light  on  the  alkalinity  of  every  cell. 

We  probably  know  more  about  the  composition  and  the  chemical  and 
physical  changes  taking  place  in  the  blood  than  of  any  other  tissue,  but 
that  our  knowledge  is  still  extremely  fragmentary  will  appear  in  the 
pages  which  follow.  The  study  of  the  blood  is  in  many  ways  easier 
than  that  of  any  other  tissue.  Being  liquid,  it  is  readily  obtained  in 
large  amounts  for  chemical  and  physical  investigation,  and  by  centrifu- 
galization  we  are  able  to  separate  it,  without  inducing  serious  chemical 
changes,  into  portions  of  lighter  and  heavier  specific  gravity.  Moreover, 
we  can  get  such  quantities  of  it  that  we  are  able  to  experiment  with  it 
more  than  with  almost  any  other  tissue  of  the  body. 

General  composition  of  mammalian  blood. — Mammalian  blood  as  it 
circulates  within  the  blood  vessels  consists  of  a  more  fluid  part,  the  blood 
plasma,  and  this  contains  a  large  number  of  cells  and  organized  struc- 
tures in  suspension.  The  cells  are  the  leucocytes,  or  white  blood  cells; 
the  special  organized  structures  are  the  red  blood  corpuscles,  or  erythro- 
cytes, and  the  blood  platelets.  The  other  cells  belonging  to  this  system, 
the  endothelium  of  the  blood  vessels,  are  fixed,  not  circulating,  cells  and 
we  shall  for  the  present  neglect  them;  but  more  than  any  other  cells  of 
the  blood  they  probably  control  its  composition  and  metabolism.  The 
general  composition  of  mammalian  blood  is  as  follows:  (see  also 
page  468.) 

1.     Blood  (mammalian)   consists  of: 

A.  Plasma   60-70%  by  volume;   or  about  55%  by  weight. 

B.  Corpuscles    . .     40-30%   . "  "  "        "       45%     "        « 

(Specific  gravity  =1.0237-1.0276  at  25°) 

a.  Water 90  -  92% 

b.  Solids    10  -    8 

Organic 

Lipoproteins  5.5  -8.4 

Carbohydrates    0.1  -0.2 

Cholesterol    0.09-0.14 

Fat  and  fat  acids 0.3  -0.6 

Extractives 0.05-0.2 

Inorganic    1-2 

3.    Bed  corpuscles  (Abderhalden). 
( Specific   gravity  =1.088) 

a.  Water  68.7-59.2 

b.  Solids    31.3-40.8 

Organic   30.4-39.9 

Hemoglobin     31.7 

Stroma 

Phospholipin    0.37-0.39 

Cholesterol    0,14-0.17 

(Grigant  ct  Huillier) 

Protein    6.7  -6.4 

Inorganic  (excluding  Fe^   --  0.9 
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The  following  analysis  of  human  blood  was  made  by  Carl  Schmidt:  * 
BLOOD  OP  A  MAN  TWENTY-FIVE  YEARS  OF  AGE 

ONE  THOUSAND  GRAMS  OP  BLOOD  CONTAIN 


513.02   BLOOD  CORPUSCLES 

Water    :i+9-69 

Substances  not  vaporizing,  at  120°   163.33 

Hematin     7,70 

(including  0.512  iron) 

"  Blood  casein,"  etc 151.89 

Inorganic  constituents   3.74 

(excluding  iron) 

Clilorine  0.898 

Sulphuric    acid    0.031 

Phosphoric  acid   0.695 

Potassimn    1.580 

Soilium     0.241 

Phosphate  of  lime  0.048 

Phosphate  of  magnesium 0.031 

Oxygen   0.206 

486.98   PLASMA 

Water     439.02 

Substances  not  evaporated  at  120°     47.96 

Fibrin     3.93 

Albumin,  etc 39.89 

Inorganic  constituents   4.14 

Chlorine 1.722 

Sulphuric  acid   0.063 

Phosphoric  acid  0.071 

Potassium   0.153 

Sodium     1.661 

Calcium  phosphate   0.145 

Magnesium  phosphate   0.106 

Oxygen  0.221 


Potassium  chloride  . . . 

Potassium  sulphate  . . . 

Potassium  phosphate    . 

■{  Sodium   phosphate    . . . 

Soda   

Calcium  phosphate   . . . 
Magnesium    phosphate 


1.887 
0.068 
1.202 
0.325 
0.175 
0.048 
0.031 


Total    3.736 


Potassium  chloride   0.175 

Potassium  sulphate 0.137 

Sodium   chloride    2.701 

Sodium  phosphate  0.132 

Soda   0.746 

Calcium  phosphate   0.145 

Magnesium   phosphate    0.105 

Total     4.142 


SPECIFIC  OBAVITY  =  1.0599 
1000   OBAMS   OF   BLOOD  COBFtJSCLES 

Water    681.63 

Substances  not  volatile  at  120°  . .  318.37 

Hematin 15.02 

(including  0.998  iron) 

"  Blood  casein,"  etc 296.07 

Inorganic  constituents  7.28 

(excluding  iron) 


'  C.  Schmidt,  "  Charakteristik  der  epidemischen  Cholera,"  pp.  29,  32 :  Leipzig 
and  Mitau,  1850.  Quoted  from  Bunge,  Physiologic  and  Pathologic  Chemistry,  2d 
edition,  p.  212-213,  Philadelphia,  1902. 
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riilorine  1.730 

Sulphuric  acid   0.061 

Phosphoric  acid   1.335 

Potassium    3.091 

isodium     0.470 

Calcium  phosphate   0.094 

^tagnesium  phosphate 0.060 

Oxygen     0.401 


Potassium  sulphate 0.132 

Potassium  chloride   3.679 

Potassium  phosphate   2.343 

_  J  Sodium  phosphate  0.633 

^  —  "*  Soda   0.341 

Calcium  phosphate   0.094 

Magnesium  phosphate    0.060 


Total  inorganic  constituents  (excluding  iron) 
SPECnciC  GRAVITY  =  1.0886 


7.282 


1000   QBAMS   OF  PLASMA   CONTAIN 

Water 901.51 

Solids  non- volatile  at  120°   98.49 

Fibrin 8.06 

Albumin,  etc 81.92 

Inorganic  constituents   8.51 

Chlorine     3.536 ' 

Sulphuric  add  0.129 

Phosphoric  acid  0.145 

Potassium   0.314 

Sodium     3.410 

Calcium  phosphate   0.298 

Magnesium  phosphate   0.218 

Oxygen  0.455 


■  Potassium  sulphate 0.281 

Potassium  chloride   0.359 

Sodium  chloride 5.546 

Sodium   phosphate    0.271 

Soda   1.532 

Calcium  phosphate   0.298 

Magnesium  phosphate   0.218 

Total  of  inorganic  constituents   . .  8.505 


SPECIFIC  GRAVITY  =  1.0312 


1000   GRAMS   OF   SERUM   CONTAIN 

Water     .' 908.84 

Solids  not  volatile  at  120°   91.16 

Albumin,  etc 82.59 

Inorganic  constituents   8.57 

Chlorine    3.565 " 

Sulphuric  acid  0.130 

Phosphoric  acid  0.146 

Potassium   0.317 

Sodium     3.43S 

Calcium  phosphate   0.300 

Magnesium   phosphate    0.220 

Oxygen   0.458 


r  Potassium  sulphate 0.283 

Potassium  chloride   0.362 

Sodium  chloride 5.591 

Sodium   phosphate    0.273 

Soda 1.545 

Calcium  phosphate  0.300 

Magnesium  phosphate   0.220 


Total  inorganic  constituents 8.574 


SPECIFIC  QBAVITT=  1.0292 


Corpuscles  of  the  blood.  White. — The  white  corpuscles  are  true 
cells.  They  have  a  nucleus ;  they  are  capable  of  spontaneous  movement 
and  reproduction.  They  are  colorless,  amoeboid  cells  which  have  the 
power  of  phagocytosis ;  that  is,  of  eating  bacteria  and  other  solid  matters 
which  enter  the  blood.  Their  specific  gravity  is  less  than  that  of  the  red 
blood  corpuscles,  so  that  they  collect  as  a  layer  above  the  reds  when 
the  blood  is  centrifugalized.  They  have  an  active  metabolism,  and  their 
composition  is  that  of  typical  cells  consisting  of  true  nueleins,  phospho- 
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lipins,  globulins  and  albumins,  which  are  at  least  in  part  in  union  with 
phospholipin.  They  have  the  extractives  usually  found  in  cells.  They 
are  variable  in  size,  but  they  are  somewhat  larger  than  the  red  blood 
corpuscles.  In  mammals'  blood  their  diameter  is  about  4-13  /*.  Their 
number  is  very  variable.  Normally  there  is  about  one  leucocyte  to  350- 
500  red  cells  in  human  blood,  or  about  7,000-15,000  per  c.mm.  of  blood. 
The  number  is  relatively  larger  in  the  young,  and  it  is  increased  in  manj' 
infectious  diseases,  by  the  injection  of  nuclein,  by  suppuration,  and 
by  a  meat  diet.  In  the  pathological  condition  of  leucaemia,  or  leuco- 
cythemia,  the  number  may  be  greatly  increased  so  that  the  blood  has  a 
creamy  appearance,  as  if  pus  were  mixed  with  it.  The  numbers  may  rise 
to  500,000  per  c.mm.  of  blood.  This  disease  may  be  analogous  to  a 
neoplasm  involving  the"  white  cells  or  the  tissue  which  produces  them. 
The  white  corpuscles  are  of  various  kinds:  a,  polymorphonuclear;  b, 
lymphocytes;  c,  eosinophile;  d,  basophile,  etc.  They  are  formed  in  the 
bone  marrow,  or  in  the  lymph  glands,  and  possibly  in  part  in  the 
spleen. 

Motility  of  white  cells.  The  white  (and  also  the  red)  corpuscles 
when  placed  in  a  thin  film  of  blood  t)r  Ringer's  solution,  and  possibly 
under  other  circumstances  as  well,  undergo  very  remarkable  changes 
of  form :  not  only  are  the  white  corpuscles  amoeboid,  but  they  shoot  out 
from  themselves  long,  whip-like  processes  which  extend  many  cell 
diameters  and  have  an  active  movement.  These  processes  move  back 
and  forth  and  they  are  very  sticky,  so  that  bacteria  stick  to  them  like 
flies  on  sticky  fly-paper.  The  processes  may  be  very  quickly  withdrawn 
within  the  cell  and  the  latter  resume  its  amoeboid  form  (Kite).  These 
processes  may  be  seen  with  particular  clearness  with  the  dark  field  illu- 
mination. They  seem  to  be  due  to  some  surface  tension  action.  Very 
similar  processes  are  found  also  on  the  red  cells  under  certain  conditions. 
By  means  of  their  motility  the  white  cells  can  crawl  out  of  the  blood 
vessels  into  the  tissues,  and  their  main  function  appears  to  be  to  remove 
old,  worn-out  or  diseased  tissues  and  cells,  and  to  digest  or  otherwise 
overcome  parasites  of  all  kinds  attacking  the  body.  Probably  they  help 
also  to  form  the  proteins  of  the  blood  plasma. 

Red  corpuscles.  Erythrocytes. — The  number  of  red  corpuscles  in 
mammalian  blood  is  very  great.  In  human  blood  it  is  normally  between 
5,000,000  and  6,000,000  per  c.mm.  of  blood,  but  in  leucaemia  and  in 
anemias  of  various  kinds  it  may  be  reduced  to  half  this  number  or  even 
less.  These  corpuscles  have  normally  in  human  blood  the  form  of 
biconcave  disks  and  they  contain  no  nuclei.  But  in  mammalian  embryos; 
or  in  adults  after  hemorrhage  when  the  blood  is  regenerating,  larger, 
nucleated  red  cells  may  be  present;  and  in  all  the  vertebrates  below 
mammals  the  corpuscles  are  red  nucleated  cells,  oval  in  outline  and 
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biconvex.  The  mammalian  red  blood  corpuscles,  as  they  lack  nuclei, 
are  not  complete  cells.  Their  diameter  in  human  blood  is  usually  about 
7-8  A*,  but  there  may  be  some  as  small  as  5  p.  and  larger  ones  up  to  12  /^ 
in  diameter.  Their  numbers  are  increased  by  living  at  high  altitudes, 
or  by  exposing  an  animal  to  a  lowered  pressure  of  oxygen.  An  animal 
responds  to  either  of  these  conditions  by  the  production  of  more  cor- 
puscles and  more  hemoglobin,  so  that  the  blood  can  carry  more  oxygen 
at  a  lower  partial  pressure  of  the  oxygen. 

The  red  corpuscles  contain  hemoglobin  and  their  chief  function  is 
to  carry  oxygen  to  the  tissues  from  the  lungs.  Besides  the  hemoglobin, 
they  contain  chiefly  lipoprotein  material.  Their  composition  will  be 
taken  up  presently.  They  are  formed  in  the  red  marrow  of  the  bones 
by  cells  called  hematoblasts.  How  long  they  live  is  not  known.  Their 
form,  while  quite  characteristic  and  apparently  fixed  in  most  prepara- 
tions so  that  it  is  apt  to  give  the  notion  of  considerable  rigidity,  is  in 
reality  not  so.  They  are  soft,  and  their  peripheral  layer  at  least  is 
apparently  made  of  a  sticky,  fluid  matter.  Under  certain  conditions, 
when  they  are  mounted  on  a  glass  slide  at  least,  they  undergo  extraor- 
dinary changes  of  form.  At  times  in  a  moment  they  all  become  covered 
with  sharp  projections  like  burs ;  they  are  then  said  to  be  crenated,  and 
under  high  powers  of  the  microscope,  particularly  in  the  dark  field,  it 
may  be  seen  that  fine  protoplasmic  processes  may  extend  over  a  cell's 
diameter  in  length  from  the  ends  of  the  sharp  processes.  These  processes 
may  be  in  active  movement.  The  processes  may  be  withdrawn  as  rap- 
idly as  they  are  extruded  and  the  cell  round  up  to  the  typical  shape.  If 
stimulated  by  touching  the  corpuscle,  the  processes  may  be  suddenly 
shot  out,  or  as  suddenly  withdrawn,  or  by  a  slightly  stronger  stimulus 
the  erythocyte  may  withdraw  them,  suddenly  swell  and  undergo  solu- 
tion. In  all  these  respects  the  erythocytes  behave  like  many  other  cells, 
like  the  white  blood  cells,  a  great  many  kinds  of  egg  cells  and  tissue 
cells  of  the  lower  animals,  such  as  sponges.  They  resemble,  too,  some 
of  the  mitochondria  (Kite;  Oliver).  These  changes  in  form  indicate 
very  clearly  that  the  corpuscles  are  irritable  and  at  least  the  exterior 
substance  of  the  cell  is  liquid,  since  only  liquids  have  the  power  of 
molecular  movement  necessary  for  these  rapid  and  extraordinary 
changes.  The  changes  in  shape  have  been  variously  interpreted.  Some 
have  regarded  them  as  the  beginning  of  death  changes ;  but  to  the  author, 
as  to  many  who  have  watched  them,  they  appear  exactly  analogous  to 
the  vital  responses  of  all  kinds  of  living  matter.  They  show  that  the 
property  of  movement  is  not  lost  to  the  red  cells,  and  that  they  are  real 
living' cells,  albeit  of  a  special  kind,  and  not  rigid,  or  semirigid,  quiescent, 
dead  structures.  They  lack  nuclei  and  with  this  they  have  lost  to  a 
large  extent,  but  not  entirely,  the  power  of  respiration  and  all  power 
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of  growth,  or  synthetic  metabolism,  but  they  are  still  reactive,  although 
far  less  so  than  the  white  cells.  They  probably  live  for  a  certain  time 
only  and  grow  old  like  other  cell  structures.  These  are  not  the  only 
cells  without  nuclei  in  the  animal  kingdom.  In  certain  molluscs  there 
are  found  in  the  seminal  fluid  gigantic  anomalous  spermatozoa  in  which 
the  nucleus  has  totally  degenerated  and  disappeared,  and  yet  the  cells 
continue  to  exist  for  a  long  time,  and  these  cells  without  nuclei  are  capa- 
ble of  movement. 

It  is  because  of  the  presence  of  the  corpuscles  of  the  blood  that  even 
in  thin  layers  the  blood  is  not  transparent,  but  opaque.  A  good  deal 
of  light  is  reflected  from  the  surfaces  of  the  corpuscles.  If  the  corpuscles 
are  dissolved,  the  blood  takes  a  darker  tint  and  becomes  transparent.  It 
is  then  said  to  be  "  laked. ' '  The  aarker  tint  is  due  to  the  fact  that  in 
laked  blood  there  is  a  smaller  admixture  of  white  light  reflected  from 
the  corpuscles. 

Because  of  their  small  size,  flat  disk  shape,  and  enormous  numbers, 
the  total  surface  of  the  red  corpuscles  in  a  human  adult  amounts  to 
from  3,000-4,000  square  meters.  The  blood  makes  about  one-twelfth 
of  the  total  weight  of  the  body.  In  a  man  of  72  kilos  weight  there  would 
be  some  6  kilos  of  blood  or  something  over  5.5  liters,  since  the  specific 
gravity  of  the  blood  is  about  1.055.  The  total  number  of  red  blood  cor- 
puscles in  the  body  would  be  about  30,000,000,000,000.  The  surface  area 
of  a  corpuscle  is  about  0.000,1  sq.  mm.  The  large  surface  area  of  a 
corpuscle  in  comparison  with  its  bulk  facilitates  the  exit  and  entrance 
of  oxygen. 

Blood  platelets. — The  blood  platelets  are  spherical,  or  disk-shaped, 
bodies  found  in  the  shed  blood  of  mammals,  but  not  in  the  blood  of  birds 
or  other  vertebrates  lower  than  the  mammals.  The  platelets  are  of 
somewhat  irregular  size,  the  diameter  varying  from  1.5-3  /< .  Their 
numbers  are  also  very  variable,  and  it  is  a  very  suggestive  fact  that  the 
more  care  that  is  used  to  keep  the  blood  in  a  living  state  the  fewer  plate- 
lets there  are.  Injury  to  the  wall  of  the  blood  vessels  greatly  increases 
their  numbers.  They  are  refractive  bodies  and  apparently  nearly  or 
quite  homogeneous.  There  is  no  evidence  that  they  contain  nuclei.  The 
number  of  these  bodies  in  shed  blood,  as  has  been  said,  is  very 
variable,  but  they  may  be  present  in  very  large  numbers :  namely,  from 
300,000-800,000  per  c.mm.  of  blood.  Sometimes  they  contain  hemo- 
globin, but  they  are  generally  colorless.  The  origin  and  nature  of  these 
bodies  has  been  much  disputed,  but  the  following  conclusions  are  those 
generally  accepted.  They  are  almost  certainly  derived  from  the  white 
blood  corpuscles,  and  in  part  at  least  from  the  red.  In  their  chemical 
composition  they  appear  to  be  identical  with  the  stroma  of  the  red 
corpuscles  or  the  protoplasm  of  the  leucocytes,  and  like  undifferentiated 
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protoplasm  generally.  By  some  they  have  been  supposed  to  be  com- 
posed of  nuelein,  but  this  is  almost  certainly  incorrect  and  is  due  to  the 
fact  that  they  show  some  of  the  properties  of  nucleins,  such,  for  example, 
as  solubility  and  the  property  of  yielding,  when  digested  by  pepsin 
hydrochloric  acid,  an  insoluble  residue  rich  in  phosphoric  acid.  In 
reality  the  platelets  consist  of  a  phospholipin-protein  compound.  The 
phosphoric  acid  is  in  a  phospholipin.  The  platelets  consist  of  what 
Wooldridge  calls  A-fibrinogen.  As  we  shall  see  when  we  come  to  the 
clotting  of  the  blood,  they  play  a  very  important  role  in  this  process  and 
they  yield  fibrin,  and  also  a  substance  called  thrombin  or  fibrin  ferment, 
and  a  proteolytic  ferment. 

It  is  very  difficult  to  decide  whether  the  platelets  are  preformed 
in  the  living,  unchanged  blood  or  whether  they  appear  there  with  great 
ease  when  blood  is  disturbed.  We  now  know  that  the  chromosomes  of 
the  nucleus,  which  are  certainly  organized  structural  constituents,  may 
appear  with  great  rapidity  when  the  nucleus  is  stimulated  in  any  way 
(Chambers).  It  may  be  the  same  with  the  platelets.  Although  they 
have  been  seen  in  the  living  capillaries,  yet  it  is  significant  that  there 
are  fewer  the  more  care  is  taken  to  avoid  injury  to  the  capillaries 
and  stasis  of  the  blood.  It  is  impossible  to  examine  the  blood  without 
causing  some  injury  to  it.  The  platelets  form  the  first  beginnings  of 
the  thrombus  in  intravascular  clotting  and  they  appear  in  such  numbers 
that  it  is  impossible  that  they  should  have  been  preformed  in  the  blood. 
If,  for  example,  one  ties  off  a  portion  of  the  carotid  artery  of  the  dog 
with  its  contained  blood  and  then,  the  dog  lying  on  its  back,  one  injures 
the  wall  of  the  carotid  on  the  upper  (ventral)  surface  with  silver  nitrate 
or  heat,  a  thrombus  forms  in  the  vessel  at  the  injured  point.  It  is  found 
that  the  thrombus  consists  chiefly  of  platelets  and  there  are  vastly  greater 
numbers  than  could  have  been  present  in  the  small  amount  of  blood 
caught  between  the  ligatures.  Injury  to  the  endothelial  wall  appears 
to  call  them  forth.  This  observation  is  very  strong  confirmation  of  the 
view  of  Wooldridge  that  the  platelets,  in  part  at  least,  are  in  solution  in 
the  plasma  in  a  supersaturated  form  and  when  disturbed  they  crystal- 
lize out.  He  regarded  them  as  in  the  nature  of  imperfectly  crystalline 
proteins.  They  appear  to  the  author  to  resemble  what  are  known  as 
fluid  crystals.  Moreover,  substances  of  this  chemical  nature  are  par- 
ticularly apt  to  form  fluid  crystals.  Schwalbe,  who  tried  the  experiment 
on  thrombosis  just  cited,  concluded  that  they  must  come  from  the  red 
corpuscles,  because  some-  of  the  red  corpuscles  were  found  in  various 
unusual  forms  as  if  they  were  decomposing.  It  is  hard  to  see  how  with- 
out motion  of  the  blood  the  platelets  could  accumulate  at  the  upper  part 
of  the  artery  where  they  were  found,  since  they  are  heavier  than  the 
blood  plasma  and  would  naturally  sink.    It  is  hence  more  probable  that 
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they  are  formed  in  the  method  described  by  Wooldridge  by  a  process  of 
crystallization  from  the  plasma,  the  crystallization  taking  place  first 
at  the  point  of  injury  of  the  artery  wall.  It  is  probable  that  some  are 
preformed  in  the  blood  as  it  circulates,  but  this  would  not  at  all  militate 
against  this  view.  Many  authorities,  however,  are  of  the  opinion  that 
the  platelets  are  almost  wholly  preformed,  living  elements  (see  Dietjen). 

The  platelets  may  be  prepared  by  receiving  blood  in  an  equal  volume 
of  0.2  per  cent,  sodium  oxalate  solution,  or  sodium  metaphosphate  or 
fluoride,  so  as  to  prevent  coagulation  and  the  dissolution  of  the  platelets, 
and  then  by  centrifugalization  at  a  relatively  slow  speed  to  separate  out 
the  corpuscles.  The  plasma  with  the  platelets  is  then  poured  oif  from 
the  red  and  white  corpuscles  and  centrifiiged  very  fast  for  some  time. 
The  platelets  are  thus  thrown  out  and  collect  as  a  grayish-white  layer 
at  the  bottom  of  the  tube.  They  are  quite  soluble  in  the  plasma  on 
warming  when  they  are  first  separated  (Wooldridge),  but  on  standing 
lose  their  solubility.  Their  numbers  are  increased  by  cooling  the  plasma 
before  eentrifugalizing  it.  At  first  they  dissolve  readily  also  in  salt 
solution  containing  a  little  alkali,  but  on  standing  rapidly  change,  becom- 
ing more  insoluble  and  like  fibrin.  A  suspension  or  solution  of  the 
washed,  perfectly  fresh,  unchanged  plates  has  the  property  of  forming  a 
typical  clot,  yielding  fibrin.    (Wooldridge ;  Schittenhelm  and  Bodong.) 

Blood  plasma. — Horse  blood  contains  about  34.5  per  cent,  by  weight 
of  corpuscles ;  and  65.5  per  cent,  of  plasma.  In  other  mammals  the  pro- 
portions are  not  very  different  from  this.  In  human  blood  the  corpuscles 
make  35-40  per  cent,  of  the  blood  by  volume  and  nearly  50  per  cent,  by 
weight,  since  their  specific  gravity  is  greater  than,  that  of  the  plasma. 
The  plasma  contains  about  10  per  cent,  by  weight  of  solids,  of  which 
about  7-9  per  cent,  are  proteins;  1  per  cent,  salts,  and  the  rest  lipin  and 
various  other  substances,  such  as  urea,  creatine,  amino-acids,  dextrose, 
etc.,  present  in  small  amounts.  100'  c.c.  plasma  contain  7.8-11.8  mgs.  Ca. 
The  composition  of  the  serum  is  given  in  the  following  table: 

Ox  Blood   (Abderlialden,  Bunge's  textbook). 

Waler     013.04 

Solids     R6.36 

I'rotpid     72.5 

Sugar     LO."! 

riiolcstprol     1.2,38 

Lecithin     1.675 

Fat     0.926 

Phosphoric  ncid  as  nnclein   0.0133 

Soda     4.312 

Potash    0.255 

Iron  oxide  

Lime     0.1194 

Magnesia     0.0446 

Chlorine       3.69 

Phosphoric  ncid   0.244 

Inorganic  phospliorio  acid   0.0847 
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The  proteins  which  may  be  separated  from  it  are  1,  fibrinogen;  2, 
serum  globulin ;  and  3,  serum  albumin.  It  is  possible  that  the  globulin  is 
a  mixture  of  two  or  more  proteins.  Another  protein  is  present  in  the 
blood  serum,  but  not  in  the  plasma,  called  serum  fibrinogen  by  its  dis- 
coverer, Wooldridge,  but  more  commonly  fibrinoglobulin.  The  com- 
position of  the  blood  proteins  will  be  taken  up  later  on  page  551.  They 
are  in  part  at  least,  as  they  exist  in  the  plasma,  in  combination  with 
phospholipins  and  possibly  with  cholesterol.     The  plasma  is  generally 


i''iG.  44. — AbeJ's  apparatus  for  tbe  vivi-diffusion  of  the  blood. 

colored  a  light  yellow,  although  in  carnivorous  animals  it  is  at  times 
almost  colorless.  The  coloring  matter  in  herbivorous  animals  is  in  part 
carrotin  and,  is  derived  from  green  fodder,  but  in  part  it  is  due  to 
urobilin.  Plasma  has  a  reaction  alkaline  to  litmus,  but  acid  to  phenol- 
phthalein,  so  that  its  hydrogen  ion  concentration  is  about  2XlO~* 
normal.  It  contains  both  carbonates  and  phosphates  as  well  as  chlorides. 
The  greater  part  of  the  salt  is  sodium  chloride. 

With  this  brief  statement  of  the  structure  and  general  composition 
of  the  blood  we  may  proceed  to  discuss  its  functions. 

I,  The  blood  as  a  carrier  of  food  from  the  intestine  to  the  tissues. 
— The  blood  is  to  carry  to  the  tissues  the  digested  and  absorbed  foods. 
■W^^ter  and  salts  |  amino-acids  and  ammonia  formed  from  the  digestion, 
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of  the  proteins ;  glucose  and  levulose  from  the  digestion  of  carbohydrates ; 
fats  which  have  been  split  and  then  resynthesized  during  the  process 
of  absorption;  all  of  these  must  find  their  way  into  the  blood  in  order 
that  they  may  be  distributed  to  the  tissues  which  need  them.  And  all 
of  them  are  to  be  found  in  the  blood.  Some  hours  after  the  ingestion 
of  a  fatty  meal  the  blood  contains  so  much  of  finely  divided  fat  that 
the  plasma  may  have  a  milky  appearance  and  be  no  longer  clear  as  it  is 


Pio.  45. — McGulgao  and  von  Hess  apparatus  for  vlvl-dlttiision.  The  Wood  enters  and 
loaves  at  il  and  c,  passin;;  tlirougb  coilodiou  tubes  inclosed  In  the  diSusiuo  jacUei.  H.v 
raising  or  lowering  &  diffusion  is  accelerated,  and  tbe  pressure  may  be  Increased  or 
dimlnisbed  on  tbe  outside  of  tbe  diffusion  tubes  tbrough  g. 

ill  fasting  animals.  There  may  be  so  much  fat  present  that  it  will  rise 
oil  the  serum  separated  from  the  defibrinated  blood  like  so  much  cream. 
The  amount  of  fat  and  fatty  acid  in  the  blood  serum  is  normally  0.1-0.3 
per  cent.,  but  after  a  fatty  meal  it  may  be  from  0.6-1  per  cent. 

Dextrose  is  always  present  in  blood  in  varying  amounts.  Normally 
the  blood  contains  about  0.08  per  cent,  of  dextrose,  but  it  may  in  health 
rise  to  0.15-0.2  per  cent.;  and  in  venous  blood  it  may  fall  to  0.06  per 
cent.  The  dextrose  is  for  the  greater  part  in  solution  in  the  blood  plasma 
in  a  dialyzable  form.  It  may  be  dialyzed  out  of  the  blood  by  the  method 
known  as  vivi-diffusion  and,  since  this  method  is  of  the  greatest  impor- 
tance in  the  investigation  of  the  composition  of  the  blood,  it  will  be  well 
to  describe  it  at  this  point. 

Vivi-diffusion  method.  The  gist  of  the  method  consists  in  sending 
Jhe  blood  from  an  artery  through  a  collodion  tube  which  is  surrounded 
with  physiological  salt  solution.  Substances  which  are  diffusible  through 
cTillodion  tubes  will  pass  from  the  blood  intb  the  outer  liquid  and  accu- 
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mulate  there  until  the  concentration  in  the  dialyzate  is  the  same  as  that 
in  the  blood.  After  passing  through  the  dialyzer,  the  blood  returns  to 
a  vein.  The  dialyzer  is  thus  a  kind  of  artificial  organ  of  excretion.  The 
apparatus  as  described  by  Abel  is  shown  in  Figure  44.  In  this 
apparatus  it  is  necessary  to  add  hirudin  or  some  other  anticoagulant  to 
the  blood  to  prevent  clotting.  This  introduced  an  element  of  complica- 
tion in  the  interpretation  of  the  results.  The  apparatus  has  been  sim- 
plified and  improved  by  McGuigan  and  von  Hess,  as  shown  in  Figure  45. 
By  avoiding  all  roughness  in  the  glass  and  by  keeping  up  a  pulsation  in 
the  dialyzer  they  were  able  to  prevent  the  blood  from  clotting  without 
the  use  of  any  anticoagulant  and  greatly  to  hasten  dialysis.  The  results 
obtained  by  the  use  of  this  method  are  very  interesting,  and  the  diffusion 
of  dextrose  is  illustrated  in  the  accompanying  table  (McGuigan  and  von 
Hess) : 


Doge- 
anaesthetics  used 

DialjsiB 

Per  cent,  sugar  in 

Plasma 

Dialysate 

Plasma  HgO 

Dialysate  H,0 

3.0.  hrs. 
5.0     " 
6.0     " 
4.5     " 
5.0     " 
2.0     " 
3.5     " 
4.5     " 
1.0     " 

0.135 
0.125 
0.088 
0.083 
0.073 
0.151 
0.163 
0.153 
0.157 

0.139 
0.133 
0.099 
0.087 
0.082 
0.168 
0.175 
0.169 
0.173 

0.147 
0.136 
0.096 
0.090 
0.080 
0.164 
0.177 
0.167 
0.170 

0.141 
0.135 
0  100 

Morphine     

Ether    

Morphine  and  ether 
Urethane      

0.088 
0.083 
0.169 
0.177 
0.171 
0.175 

Urethane  and  ether 
Urethane  and  ether 
Urethane  and  ether 

It  is  clear  from  the  foregoing  results  that  the  sugar  in  the  circulating 
blood  is  practically  altogether  in  solution  in  the  plasma  and  is  not  in 
union  with  a  colloid,  as  had  been  suggested.  In  rabbits  and  man  some 
glucose  is  found,  also,  in  red  cells  ( .05-.2  per  cent. ) .  Maltose  also  has  been 
found  in  the  blood  plasma ;  and  at  times,  during  lactation  or  at  the  end 
of  pregnancy,  lactose  in  small  amounts  may  be  found  there.  It  is  sur- 
prising that  the  amount  of  dextrose  in  the  blood  does  not  increase  more 
than  it  does  during  the  absorption  of  a  large  amount  of  the  productg/of 
starch  digestion  from  the  intestine.  The  reason  is,  probably,  that  the 
tissues  take  the  dextrose  out  of  the  blood  as  rapidly  as  it  enters,  so  that 
it  does  not  accumulate  in  the  blood.  Liver  and  muscles  have  the  power 
of  storing  a  large  amount  of  glucose  as  glycogen. 

Water  and  salts  are  taken  up  by  the  blood  from  the  intestine  at  a 
very  rapid  rate,  but  as  the  kidneys  have  the  function  of  keeping  the 
osmotic  pressure  of  the  blood  approximately  constant,  when  the  tissues 
have  taken  out  what  they  need  any  excess  is  rapidly  eliminated  in  the 
urine.    Nevertheless,  foreign  salts  or  the  salts  taken  with  the  food  can 
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be  shown  to  be  present  in  blood.    They  are  for  the  most  part  in  solution 
in  the'  plasma. 

The  end  products  of  protein  digestion  are  also  found  in  the  blood, 
but  in  very  small  amounts.  After  the  injection  of  glycocoU  into  a  loop 
of  the  intestine  of  a  cat,  there  is  an  increase  in  the  non-protein  nitrogen, 
other  than  urea  and  ammonia,- in  the  blood  (Folin  and  Denis).  A 
solution  of  glycocoll  was  injected  into  the  ligated  small  intestine  of  a  cat 
which  had  been  fed  24  hours  previously.  The  amount  of  non-protein 
nitrogen  in  the  mesenteric  and  carotid  blood  before  and  after  the  injec- 
tion was  as  follows: 

Total  non-protein  N  in  100  c.c.  portal  blood  before  injection   . .     30  mgs. 
"  "  "       "     "      mesenteric  vein  45  minutes  after 

injection     85     " 

"                  "               "       "     "      carotid  blood  before  injection  . .     30     " 
"                  "              "       "     "          "            "        6  minutes  after  in- 
jection          34     " 

"  "  "      "     "      carotid   blood   45    minutes   after 

injection     57     " 

"                  "               "       "          grams  muscle  before  injection   . .   250     " 
"                  "              "      "                  "        "         at  end  of  experi- 
ment      346     " 

"       Urea  N              "      "           grams  muscle  before  injection  .  .     27     " 
"                  "              "      "                "          "        at   end   of   experi- 
ment       37 

While  the  presence  of  amino-acids  in  the  blood  was  made  probable  by 
these  observations,  by  the  discovery  of  their  presence  in  invertebrate 
blood,  and  by  the  presence  of  these  acids  in  the  urine,  their  actual  isola- 
tion from  vertebrate  blood  has  only  recently  been  accomplished.  They 
are  present  in  very  small  amounts.  A  very  large  amount  of  blood  was 
received  from  the  slaughter-house  (Abderhalden)  and  each  liter  poured 
into  15  liters  of  boiling  water.  After  15  minutes'  boiling,  1  per  cent, 
acetic  acid  was  added,  little  by  little,  until  the  coagulation  was  complete! 
and  the  solution  became  clear.  It  was  filtered,  the  filtrate  concentrated, 
and  by  the  use  of  mercuric  acetate  and  sodium  carbonate  the  amino-acids 
precipitated.  The  precipitate  contained  proline,  leucine,  valine,  alanine, 
glycocoll,  aspartic  acid,  glutaminic  acid,  tryptophane,  lysine,  arginine 
and  histidine.  There  is  no  doubt,  therefore,  that  the  amino-acids  in 
extremely  small  amounts  are  to  be  found  in  solution  in  the  blood.  Their 
presence  may  also  be  shown  in  the  blood  plasma  by  the  vivi-diffusion 
method.  They  are  diffused  out  of  the  circulating  blood  and  may  be 
detected  in  the  dialyzate  by  the  ninhydrin  reaction  and  in  other  ways. 
Most  of  these  amino-acids  are  found  in  the  red  blood  corpuscles,  but 
some' are  in  the  plasma.  Thus  in  fasting  dog's  blood  there  may  be  in 
the  whole  blood  (Gyorgy  and  Zunz)  4-5  mg.  amino  N  per  100  c.e.  In 
the  plasma  1.8-3.9  mgs.;  and  in  the  corpuscles,  7.2-8  mgs.  per  100  c.c. 
Pour  hours  after  a  meal  of  meat  the  amount  in  the  carotid  blood  rose  to 
from  10  to  12  mgs.  per  100  c.c,  the  amino-acid  N  in  the  corpuscles 
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increasing  over  100  per  cent,  to  20.6  mgs.  per  100  e.c.  of  corpuscles,  and 
the  plasma  rose  to  from  7-8  mgs.  The  amount  in  venous  blood  was  54-76 
per  cent,  of  that  of  the  carotid. 

In  the  blood  of  a  fasting  dog  Van  Slyke  and  Meyer  found  in  the 
femoral  artery  blood  4.4  mgs.  of  amino  N  per  100  c.c.  blood;  in  the 
carotid  artery  5.4-3.1  mgs.,  and  in  the  mesenteric  veins  3.9  mgs.  per 
100  c.c  blood. 

While  a  very  large  amount  of  protein  may  be  absorbed  in  the  form 
of  amino-acids  by  the  blood,  it  is  so  rapidly  removed  therefrom  by  th* 
tissues,  or  metabolized  by  the  blood  itself,  that  there  is'  very  little 
accumulation,  but  still  there  is  some.  From  the  figures  just  quoted  from 
Folin  and  Denis  it  appears  that  amino-acids  accumulate  to  some  extent 
in  the  muscles  after  protein  ingestion.  The  possibility  exists  that  the 
amino-acids  taken  into  the  blood  are  in  part  synthesized  into  the  proteiins 
of  this  tissue,  and  by  the  digestion  of  these  proteins  again  set  free 
(Nolf )  ;  so  that  the  amino-acids  found  in  the  blood  need  not  be  those 
immediately  reabsorbed  from  the  intestine.  There  is  no  good  evidence, 
however,  for  any  considerable  transformation  into  blood  proteins  as  an 
intermediary  step. 

2.  The  blood  as  the  carrier  of  oxygen  from  the  lungs  to  the 
tissues.— a.  The  amount  of  different  gases  in  the  hlood.  Venous  blood 
as  it  leaves  the  tissues  is  purple  in  color.  It  returns  to  the  right  side 
of  the  heart  and  is  driven  through  the  pulmonary  artery  to  the  lungs. 
It  there  changes  its  color  to  a  bright  scarlet,  and  this  scarlet,  arterial 
blood  is  pumped  by  the  heart  to  the  tissues.  The  change  in  color  of 
the  blood  in  passing  through  the  lungs  is  due  to  the  fact  that  in  these 
organs  it  takes  on  oxygen  and  loses  carbon  dioxide,  so  that  arterial  blood 
contains  more  oxygen  and  less  carbon  dioxide  than  venous;  while  in 
the  tissues  it  loses  oxygen  and  picks  up  carbon  dioxide.  The  blood  is 
then  constantly  carrying  oxygen  from  the  lungs  to  the  tissues  and  carbon 
dioxide  from  the  tissues  to  the  lungs. 

That  arterial  blood  contains  more  oxygen  and  less  carbon  dioxide  than 
venous  blood  may  be  shown  by  exposing  the  blood  to  a  vacuum.  The 
gases  are  given  up  to  a  vacuum  and  may  be  collected  and  examined.  The 
blood  yields  all  its  oxygen  to  a  vacuum  and  nearly  all  the  carbon  dioxide, 
but  to  get  the  last  traces  of  carbon  dioxide  it  is  necessary  to  add  to 
the  blood  some  acid.  This  last  portion  is  some  of  that,  combined  as 
carbonate.  In  this  and  other  ways  it  has  been  found  that  100  c.c.  of 
average  human  blood  is  able,  if  fully  saturated,,  to  take  up  from  air  or 
to  give  off  to  a  vacuum  between  18  and  19  c.c- of  oxygen  measured  at 
0°  and  760  mm.  pressure.  Since  arterial  blood  is  usually  only  96  per 
cent,  saturated,  the  actual  amount  of  oxygen  recovered  from  blood  under 
usual  conditions  is  a  little  over  18  c.c.  O2  from  100  c.c.  of  blood.  Venous 
blood  yields  generally  about  two-thirds  as  much  oxygen  as  arterial,  so 
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that  blood  returns  to  the  heart  with  about  12  per  cent,  by  volume  of 
oxygen  still  in  it.  In  passing  through  the  lungs  6  volumes  per  cent,  of 
oxygen  are  restored  to  it. 

The  amount  of  carbon  dioxide  which  can  be  pumped  out  of  blood 
after  the  addition  of  acid,  that  is  the  total  carbon  dioxide,  is  about 
40  c.c.  from  100  c.c.  of  arterial  human  blood  and  about  48  e.c.  from 
venous  human  blood.  So  that  about  8  volumes  per  cent,  are  lost  in  pass- 
ing the  lungs. 

The  composition  of  cat's  blood  gases  has  been  recently  determined 
by  Buckmaster  and  Gardner  as  follows,  the  oxygen  capacity  being  some- 
what less  than  that  of  humans : 

Abtebial  Blood.    Volume  in  C.C.  at  0°  C.  and  760  MM.  Peessubb  fbou  100  C.C. 

Blood. 


Total  gas 

COj 

02 

^2 

39.34 
28.59 
33.73 
38.41 
50.07 
47.91 

25.81 
15.79 
18.54 
22.11 
34.52 
33.68 

12.70 
11.97 
14.18 
15.13 
14.50 
13.10 

0.83 

tt 

0.83 

it 

I.OO 

t( 

1.17 

Femoral    

It 

1.05 
1.14 

Mean    

39.68 

25.07 

13.60 

1.00- 

Venous  Blood.    Anesthetics  and  Hiubdin. 


Total  gas 

COj 

08 

Nj 

Right   auricle    

56.66 
46.39 

44.24 
37.42 

11.31 

8.54 

1.12 
0.42 

Mean 

51.53 

40.83 

9.93 

0.77 

Besides  carbon  dioxide  and  oxygen,  blood  also  contains  small  quan- 
tities of  nitrogen.  Nitrogen  composes  about  four-fifths  of  the  atmos- 
phere. It  is  taken  up  by  the  blood  in  the  lungs  and  exists  in  solution  in 
all  the  tissues  and  fluids  of  the  body.  The  amount  of  nitrogen  gas  given 
off  by  animals  appears  to  be  slightly  greater  than  that  inhaled,  which 
would  indicate  the  production  of  a  small  amount  of  gaseous  nitrogen  in 
the  metabolism  of  the  body.  This  result  is  not  accepted  by  most  observ- 
ers, but  it  seems  not  unlikely,  since  by  the  action  of  bacteria  in  the 
alimentary  tract  nitrates  are  reduced  to  nitrites,  some  nitrites  are  con- 
stantly taken  in  the  food  and  ammonium  nitrite  decomposes  spontane- 
ously, setting  free  nitrogen  gas.  The  amount  of  nitrogen  so  formed  is. 
however,  very  small.  Nitrogen  is  very  inert  and  exists  simply  in  solu- 
tion in  the  blood. 

The  amount  of  nitrogen  taken  up  by  the  blood  will  depend  on  the 
pressure  of  nitrogen  in  the  lungs.  The  amount  absorbed  is  considerable 
in  men  working  under  compressed  air  in  caissons,  and  as  this  nitrogen 
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is  released  as  a  gas  when  the  compression  is  suddenly  removed  it  may 
collect  as  bubbles  of  gas  in  the  blood  vessels  and  by  forming  gas  emboli 
be  one  of  the  causes  of  caisson  disease.  The  amount  of  nitrogen  in  the 
blood  of  dogs,  arterial  and  venous,  for  there  is  no  difference  usually 
between  the  amount  in  arterial  and  venous  blood,  was  determined  by 
Bohr  to  be  1.2  c.e.  in  100  c.c.  of  blood.  Recent  determinations  in  the 
blood  of  cats  shows  only  1.06  c.c.  per  100  c.c.  of  blood.  The  air  in  the 
lungs,  alveolar  air,  contains  about  83.67  per  cent,  by  volume  of  nitrogen. 
If  this  nitrogen  pressure  is  reduced,  the  blood  will  lose  N  in  passing  the 
lungs  and  the  venous  blood  may  temporarily  have  more  nitrogen  than 
the  arterial  blood,  due  to  the  washing  out  of  nitrogen  from  the  tissues 
of  the  body.  Nitrogen  dissolves  readily  in  fat,  and  at  normal  tempera- 
tures fat  dissolves  at  least  five  times  as  much  nitrogen  as  blood.  The 
nitrogen  in  the  blood  and  tissues  is  inert  and  probably  plays  no  part 
in  metabolism. 

The  amount  of  oxygen  simply  dissolved  in  tlie  blood  is  small.  It 
may  be  directly  determined  for  the  plasma  and  serum,  but  for  the  whole 
blood  it  is  determined  indirectly  by  finding  the  solubility  of  some  inert 
gas  like  hydrogen,  which  does  not  combine  with  the  blood  corpuscles, 
and  then  multiplying  the  result  thus  found  with  the  ratio  of  the  solu- 
bility in  water  of  hydrogen  to  that  of  oxygen. 

The  solubility  of  oxygen  in  ox  serum  at  29.7°  is  2.47  per  cent,  by 
volume  (0°,  760  mm.)  or  94  per  cent,  that  of  its  solubility  in  water 
The  solubility  of  hydrogen  in  ox  serum  is  1.56  per  cent,  by  volume,  or 
95.5  per  cent,  of  its  solubility  in  water. 

The  difference  in  solubility  of  these  gases  in  water  and  serum  is  due 
to  the  salts  in  the  serum.  A  salt  solution  dissolves  always  less  gas  than 
an  equal  volume  of  water.  Indeed,  by  the  addition  of  salt,  gases  can 
be  salted  out  of  their  solutions  just  as  the  proteins  can  be.  Horse  plasma 
dissolved  94  per  cent,  of  the  oxygen  dissolved  by  an  equal  volume  of 
water.  The  whole  blood  dissolved  91  per  cent,  as  much  hydrogen  as  an 
equal  volume  of  water.  The  difference  is  due  in  part  to  the  salts 
and  in  part  to  the  volume  of  the  dissolved  protein  and  the  solid 
matter  of  the  corpuscles.  It  is  .evident,  since  the  corpuscles  make 
as  a  rule  about  40  per  cent,  by  volume  of  the  blood,  that  hydrogen 
must  dissolve  in  the  water  of  the  corpuscles  as  well  as  in  the  blood 
plasma. 

b.  How  are  the  gases  carried  in  the  blood?  Oxygen.  Human  arte- 
rial blood  contains  in  100  c.c.  such  an  amount  of  gas  that  it  will  yield 
to  a  vacuum  18-19  c.c.  of  oxygen,  40  c.c.  of  carbon  dioxide  and  about 
1  c.c.  of  nitrogen,  argon  and  other  gases,  all  of  these  measured  at  0° 
and  760  mm.  pressure.  Such  an  amount  of  gas  is  vastly  more  than  can 
be  dissolved  in  100  c.c.  of  water,  or  in  100  c.c.  of  blood  plasma.  100  c.c. 
of  water  at  body  temperature  and  the  usual  pressure  of  oxygen,  that  is 
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a  pressui-e  of  about  one-fifth  of  an  atmosphere,  will  absorb  only  0.4  e.c. 
of  oxygen,  and  serum  will  absorb  about  94  per  cent,  of  this  amount. 
It  is  clear  that  oxygen  must  be  combined  chemically  or  physically  with 
something  in  the  blood  so  that  its  solubility  is  increased.  It  is,  as  a 
matter  of  fact,  in  greater  part  in  union  with  the  red  coloring  matter  of 
the  blood,  hemoglobin,  with  which  it  forms  oxyhemoglobin.  0.744  gm. 
Hb  combines  with  1  c.c.  of  oxygen,  or  1  gm.  of  Hb  combines  with  1.34  e.c. 
of  O2. 

Carhon  dioxide.  Similarly  100  c.c.  of  water  will  absorb  of  carbonic 
anhydride  at  the  temperature  of  the  body  and  under  the  pressure  of  one- 
tenth  to  one-twelfth  of  an  atmosphere,  which  is  the  pressure  of  CO^  in 
the  tissues,  only  about  10  e.c.  Carbon  dioxide  is  in  part  combined  with 
the  proteins  of  the  blood  plasma,  and  in  part  it  is  present  in  the  plasma 
as  the  carbonate  and  bicarbonate  of  soda.  There  is  in  the  blood  plasma 
disodium  hydrogen  phosphate  and  sodium  carbonate.  When  carbon 
dioxide  comes  into  a  solution  of  these  salts,  it  combines  with  some  of  the 
sodium  to  make  bicarbonate  of  sodium  and  is  carried  in  the  blood  in 
large  measure  in  this  form.  The  proteins,  such  as  the  globulins,  are 
also  present  in  the  blood  as  sodium  salts.  This  sodium  is  removed  from 
the  globulin  by  the  carbon  dioxide.  The  corpuscles,  too,  act  in  the 
same  manner  as  the  globulins.  They  have  sodium  and  potassium  in  them 
in  organic  union,  and  v/hen  carbon  dioxide  is  given  to  the  blood  in  the 
capillaries  as  it  passes  through  the  tissues,  some  alkali  leaves  the  cor- 
puscles to  saturate  the  carbon  dioxide  so  that  the  plasma  has  its  total 
alkali  increased  by  the  action  of  carbonic  acid,  since  the  carbonates  and 
bicarbonates  have  an  alkaline  reaction,  or  at  any  rate  are  titratable  like 
alkalies.  These  various  reactions  by  which  the  carbonates  are  formed 
may  be  written  as  follows : 

Na  HPO^  +  CO,  -t-  H,0 NaH.  PO^  +  NaHCO 

'^'a'cOJ,  +  CO   +H.^0"— ^  2NaHC0^' 

Na  globulinate  -|-  CO,  +  H,0 NallCO^  -\-  Globulin. 

!  Na  lecithinate,  etc.,  in   the  blood  corpuscles  -\-  CO,  -)-  H  0    ^  NaHCO   -)-  Organic 

.s\l  compounds  in  a  more  acid  state. 

'^'  All  these  changes  take  place  when  the  blood  is  passing  through  the 
capillaries  in  the  tissues.  By 'this  means  it  will  be  seen  that  the  acidity 
hi  the  corpuscles  of  the  blood  is  increased,  since  they  have  lost  alkali, 
Na  and  K,  to  carbonic  acid.  The  result  of  this  increase  of  acidity  is  that 
the  power  of  the  hemoglobin  in  the  corpuscles  to  take  up  oxygen  is 
greatly  reduced,  as  we  shall  see  presently,  and  the  entrance  of  carbonic 
anhydride  into  the  blood  thus  helps  to  turn  the  oxygen  out  of  the  blood 
and  into  the  tissues.  This  factor  is  of  great  importance  in  cold-blooded 
animals  where  the  affinity  of  hemoglobin  for  oxygen  is  so  great,  owing 
to  the  low  temperature,  that  the  pressure  of  the  oxygen  in  the  capil- 
laries would  be  small.     In  the  lungs,  on  the  other  hand,  the  opposite 
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change  takes  place.  With  the  passage  of  carbon  dioxide  outward  alkali 
is  set  free  again,  is  taken  up  by  the  corpuscles  of  the  blood  and  their 
affinity  for  oxygen  is  so  increased  thereby  that  the  blood  saturates  itself 
with  oxygen  very  quickly  in  its  passage  through  the  lungs.  The  oxy- 
hemoglobin thus  formed  is  presumably  a  stronger  acid  than  hemoglobin 
and  thus  helps  turn  carbon  dioxide  out  of  its  union  with  sodium  and  so 
out  of  the  blood.  This  probably  explains  the  well-known  acid  action  of 
the  red  blood  corpuscles.  This  change  is  associated  with  a  change  of 
volume  of  the  corpuscles.  The  volume  in  venous  blood  is  larger  than  in 
arterial  blood.    Water  passes  into  and  out  of  the  corpuscles. 

Carbon  dioxide  is  probably  also  carried  in  the  blood  in  union  with 
the  proteins.  When  carbonic  anhydride  enters  a  solution  of  a  protein 
which  has  free  amino  groups,  the  acid  unites  with  these  groups  to  make 
carbamino  compounds  (carbamino  reaction  of  Siegfried).  This  reaction 
is  the  following:    , 

NH  NH— COOH 

2 

R— CH-f  H„COg R— OH  +3^0 

COOH  COOH 

.  Carbamino  compound 

Protein.  ,        ^j  ^^^  ^^^^^^ 

These  compounds  are  dissociable  and  the  carbonic  acid  is  easily 
recovered  from  this  union.  In  all  these  ways,  then,  is  the  carbon  dioxido 
carried  back  to  the  lungs.  For  the  most  part  it  is  in  solution  in  the 
plasma  as  carbonate,  bicarbonate  and  protein  compound,  but  some  of 
it  also  is  united  with  the  corpuscles,  presumably  with  the  proteins  of 
these  structures  (hemoglobin).  A  part  of  the  carbon  dioxide  is  dis- 
solved as  such  in  the  blood.  All  these  forms  of  carbon  dioxide  are  in 
equilibrium  with  each  other  and  with  free  carbonic  anhydride,  so  thai 
if  the  latter  escapes  more  is  set  free  to  take  its  place,  being  dissociated 
from  some  of  these  unstable  compounds.  In  the  tissues  the  pressure  of 
carbon  dioxide  is  higher,  11  per  cent,  of  an  atmosphere,  than  in  the 
blood,  so  that  carbonic  anhydride  enters  the  blood  until  it  is  under 
equilibrium  with  this  pressure  of  the  gas.  But  when  the  blood  reaches 
the  lungs  the  pressure  of  carbon  dioxide  in  the  air  in  the  lungs  is  low 
and  carbon  dioxide  escapes  from  its  solution  and  into  the  alveolar  air. 
As  soon  as  some  of  it  escapes,  more  is  set  free  from  its  union  with 
alkali  and  protein  in  the  blood.  The  pressure  of  carbon  dioxide  in  the 
alveolar  air  in  the  lungs  is  about  5-6  per  cent,  of  an  atmosphere,  whereas 
in  the  blood  as  it  leaves,  the  tissues  it  is  about  8-10  per  cent.  Conse- 
quently in  passing  the  lungs  carbon  dioxide  is  given  up.  The  equilib 
rium  may  be  represented  as  follows : 


478  PHYSIOLOGICAL   CHEMISTRY 

Tissues  CO,  =  10%  of  an  atraospliere  pressure.    Alveolar  air  of  lungs  CO  = 

5-6%    atmosphere. 

1.  CO   +H  07~*H  CO 

2.  H,COg  +  Na,l(),^:^ir:2NaHCO, 

3.  HCO   +Na  HPO  :;=r  NaHCO.  +  NaH  PO, 

2  3*^  2  t  3     '  2  4 

4.  H,CO   +NaProteinatc::z:rNaHCO.^  H- H  proteinate. 

5.  HCO   +  Protein :;Z=rProtpin  ^OOH  +  H  O 

2  3'  2 

Carbamino  compound. 
The  reactions  go  in  the  riglil-liand  direetiou  in  the  tissues  and  in  the 
left-hand  direction  in  the  lungs.  Since  the  corpuscles  and  proteins  have 
the  power  of  combining  with  the  sodium  hydrate  set  free  when  the  car- 
bonic anhydride  escapes  in  the  lungs,  they  act  as  acids.  It  is  for  this 
reason  that  it  is  possible  to  pump  nearly  the  whole  of  the  carbon  dioxide 
out  of  blood  by  means  of  a  vacuum,  whereas  it  is  not  possible  to  pump 
carbon  dioxide  to  the  same  extent  from  a  solution  of  sodium  bicarbonate. 
From  a  solution  of  bicarbonate  of  sodium  one  can  pump  the  carbon 
dioxide  until  sodium  carbonate  is  formed.  Thereafter  the  decomposi- 
tion is  almost  immeasurably  slow.  A  change  occurs  in  the  volume  of 
the  corpuscles  when  COj  enters  them.  They  swell.  This  change  is  very 
significant,  since  it  shows  how  small  a  change  in  acidity  is  required  to 
cause  swelling  changes  in  vital  structures.  It  is  possible  that  it  is  the 
same  process  which  is  at  the  bottom  of  the  contraction  of  muscle,  as  we 
shall  later  see.  It  is  besides  a  true  process  of  secretion  of  water  into 
and  out  of  the  corpuscle,  and  is  also  a  rhythmic  process.  When  CO^ 
increases  in  the  corpuscle  water  enters  it ;  when  COj  is  diminished  water 
leaves,  the  sodium  ion  re-enters  and  the  corpuscle  shrinks.  There  is  an 
exchange  of  sodium  ions  and  hydrogen  ions  back  and  forth  between  the 
corpuscle  and  the  plasma. 

c.  The  mechanism  of  the  entrance  of  oxygen  into  the  Mood  and  the 
passage  of  CO,  outward.  The  exchange  in  the  lungs.  We  may  now  ask 
the  question  of  the  manner  in  which  oxygen  passes  through  the  alveolar 
membrane  into  the  blood.  Is  it  by  a  simple  physical  process  of  diffusion, 
or  is  it  by  the  active  secretion  of  the  lung  tissue;  or  do  both  these 
processes  occur? 

The  answer  to  this  question,  so  important  in  medicine,  cannot  yet 
be  given  with  certainty. 

The  walls  of  the  alveoli  of  the  lungs  are  extremely  thin.  They  are 
composed  of  flattened  plates.  There  is  no  doubt  that  in  the  lower  forms, 
such  as  the  amphibia,  these  plates  are  true  cells  and  composed  of  living 
tissue;  but  there  is  a  difference  of  opinion  whether  the  plates  in  the 
mammalia  are  living  or  dead,  and  whether  or  not  they  have  nuclei. 
Besides  the  very  thin  layer  of  alveolar  plates,  the  gases  must  pass  also 
the  endothelium  of  the  capillaries,  which  is  also  very  thin,  but  certainly 
alive.    The  oxygen  might  enter  either  by  diffusion,  or  one  or  both  of 
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these  membranes  might  intervene  actively  in  the  process.  If  they  do 
so  intervene,  they  would  probably  be  controlled  by  the  nervous  system. 

The  solution  of  this  question  of  the  method  of  entrance  of  the  oxygen 
was  approached  in  the  following  form :  if  the  pressure  of  oxygen  in  the 
arterial  blood  as  it  comes  from  the  lung  is  always  lower  than  the  pres- 
sure of  oxygen  in  the  alveolar  air,  then  the  process  is  probably  one  of 
diffusion  and  the  membranes  presumably  do  not  actively  intervene  in 
it;  if,  however,  the  pressure  of  oxygen  in  the  blood  is  ever  higher  than 
that  of  the  alveolar  air,  then  the  exchange  cannot  be  a  simple  physical 
process  of  diffusion.  The  first  requisite  for  the  solution  of  this  problem 
was  to  find  a  method  of  estimating  the  oxygen  tension  of  the  blood  in 
the  arteries  and  of  the  air  in  the  alveoli. 

This  tension  is  measured  in  two  ways,  a  direct  and  an  indirect.  The 
direct  method  has  been  most  frequently  employed.  The  aerotonometer 
is  an  instrument  designed  for  this  purpose.  The  essential  principle  of 
the  aerotonometer  is  the  following :  The  blood  is  introduced  directly  from 
the  blood  vessels  into  an  atmosphere  of  nitrogen,  carbon  dioxide  and 
oxygen  and  allowed  to  remain  in  contact  with  the  gas  in  a  thin  layer  so 
that  equilibrium  is  attained.    The  gas  is  then  analyzed. 

The  principle  of  the  method  used  by  Krogh  is  to  shake  a  small  air 
bubble  in  a  very  small  amount  of  the  blood  to  be  examined.  As  little 
as  1  c.c.  blood  may  be  used.  The  gases  in  the  air  bubble  come  quickly 
into  equilibrum  with  those  of  the  blood.  The  amount  of  oxygen  is  meas- 
ured by  the  decrease  in  volume  when  the  oxygen  is  absorbed  by  alkaline 
pyrogallate  or  some  other  oxygen-absorbing  fluid,  such  as  acid  hypo- 
sulphite. 

All  measurements  which  were  made  with  this  instrument  resulted 
uniformly  in  showing  that  the  pressure  of  oxygen  in  the  alveoli  was 
slightly  greater  than  the  pressure  in  the  arterial  blood. 

The  matter  thus  seemed  settled,  but  in  1890  Bohr  ^  got  the  first  defi- 
nite evidence  that  the  process  was  not  one  of  simple  diffusion.  He 
observed  in  a  few  cases  that  the  oxygen  pressure  in  the  arteries  was 
higher  than  that  in  the  alveoli.  His  results  obtained  by  the  aerotonom- 
eter method  were  so  irregular  as  to  suggest  errors  of  manipulation  and 
they  have  been  seriously  criticised  by  Krogh  and  by  Haldane  and  Doug- 
las. The  aerotonometer  is  very  sensitive  to  a  change  of  temperature,  and 
an  accidental  variation  in  this  might  have  accounted  for  his  results. 
Moreover,  in  one  or  two  cases,  as  Haldane  and  Douglas  point  out,  the 
results  are  so  improbable  as  to  indicate  error  very  plainly.  In  spite 
of  these  defects,  Bohr's  paper  served  the  end  of  reopening  the  ques- 
tion. The  possibility  of  a  definite  secretion  of  oxygen  by  the  lungs  also 
gained  in  probability  by  the  discovery  of  the  high  oxygen  content  of  the 
air  bladder  of  fishes,  the  organ  from  which  the  lungs  were  evolved.  In 
'  Bohr:  akan.  Archiv  f.  Physiol.,  2,  1890,  p.  236. 
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1907  Bohr  afforded  other  evidence  of  the  secretory  activity  of  the  lungs. 
He  found  that  when  pure  air  was  breathed  by  one  lung  and  air  con- 
taining 8.8  per  cent,  by  volume  of  CO2  by  the  other,  CO2  was  still  given 
off  from  the  lung  breathing  the  CO2  mixture,  although  the  pressure  of 
CO,  in  the  venous  blood  from  the  right  side  of  the  heart  was  that  of  an 
atmosphere  containing  only  5  per  cent,  of  volume. 

It  will  be  noticed  that  the  pressure  of  COj  was  determined  in  the 
heart  blood,  and  the  pressure  in  the  lungs  was  supposed  to  be  equal  to 
this.    However  probable  this  assumption  is,  it  weakens  the  proof. 

Recently  Haldane  and  Smith  also  got  some  evidence  of  the  existence 
of  a  secretory  activity  of  the  lungs,  but  their  work  contained  so  many 
assumptions  and  possibilities  of  errors  of  fact  and  interpretation  that 
not  much  weight  can  be  given  it.  A  more  recent  paper  will  be  con- 
sidered presently. 

Krogh '  has  recently  re-examined  the  whole  question.  He  and  Mrs. 
Krogh  measured  with  great  care  by  means  of  the  micro-aerotonometer 
the  pressures  of  oxygen  and  CO2  in  the  lungs  and  the  arterial  blood. 
They  found  always  that  the  pressures  of  CO2  in  the  arteries  and  in  the 
alveolar  air  were  equal,  the  result  which  the  diffusion  theory  demands. 
The  oxygen  pressure  in  arterial  blood  was  always  slightly  less  than  the 
pressure  in  the  alveoli,  a  result  also  in  accord  with  the  diffusion  theory. 
These  experiments  give  no  evidence  of  a  secretory  activity  on  the  part 
of  the  lung. 

The  matter  is  not  yet  settled,  however,  for  Douglas  and  Haldane  - 
have  made  a  very  complete  study  of  the  matter  recently  and  obtained 
very  interesting  results. 

Their  method  of  measuring  the  arterial  oxygen  pressure  was  an 
indirect  one.  It  consisted  in  partially  saturating  the  blood  with  CO 
gas.  When  blood  or  hemoglobin  is  exposed  to  a  mixture  of  Oj  and  CO, 
the  hemoglobin  takes  up  some  of  each  and  the  relative  amount  depends 
on  the  partial  pressures  of  the  two  gases.  But  always  far  more  CO  than 
0,  is  held  by  the  hemoglobin  at  the  same  pressures.  If  a  person  is 
made  to  breathe  air  containing  a  small  per  cent,  of  CO,  the  blood  ulti- 
mately, after  30  minutes  about,  has  taken  up  all  the  CO  it  will.  If  now 
the  per  cent,  of  saturation  of  the  Hb  by  CO  can  be  determined,  then  the 
amount  of  oxygen  in  the  arterial  blood  can  also  be  determined,  since 
from  the  per  cent,  of  saturation  of  hemoglobin  by  carbon  monoxide  the 
tension  of  oxygen  necessary  to  prevent  total  saturation  by  carbon 
monoxide  and  to  permit  only  the  per  cent,  of  saturation  actually 
observed  can  be  calculated.  This  calculated  oxygen  tension  is  assumed 
to  be  present  in  the  blood.    To  determine  the  per  cent,  of  saturation  of 

'Krogh:  Skan.  Archiv  f.  Physiol.,  xxiii,  1910,  p.  274. 

"  Douglas  and  Haldane :  Journal  of  Physiology,  44,  1912,  p.  305. 
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the  Hb  by  CO  a  sample  of  the  blood  is  dravm  and  its  tint,  when  diluted, 
is  compared  with  a  carmine  solution  which  has  previously  been  standard- 
ized against  blood  completely  saturated  with  carbon  monoxide.  From  the 
amount  of  dilution  of  the  carmine  solution  the  per  cent,  of  saturation  of 
the  Hb  can  be  calculated.  Column  3,  and  from  that  the  arterial  pressure 
of  oxygen  can  be  computed,  Column  5. 

The  results  obtained  by  Douglas  and  Haldane  are  illustrated  in  the 
following  protocol.  Mice  breathed  air  mixed  with  varying  amounts  of 
CO.  They  were  then  drowned  and  two  drops  of  blood  taken  from  the 
heart  for  analysis.  The  inspired  air  contained  on  the  average  19.79  per 
cent,  of  O2  and  0.29  per  cent.  CO2 ;  the  alveolar  air  contained  14.06  per 
cent.  O2  and  5.64  per  cent.  COj. 


1. 

2. 

3. 

4. 

5. 

Per  cent,  saturation  of  Hb 

Arterial  On  tension  in 

Per  cent,  of  CO 

Duration  of 

with  CO 

in  inspired 

expt. 
minutes 

per  cent,  of  an  atmos- 

phere calculated 

in  vivo 

in  vitro 

from  3 

0.016 

60 

26.2 

17.2 

12.2 

0.018 

45 

26 

18.5 

13.5 

0.046 

40 

29.1 

22.7 

15.0 

0.053 

.40 

37.7 

30.2 

16.2 

0.100 

32 

45 

43.0 

19.3 

0.129 

31 

56.4 

56.3 

20.8 

0.213 

13 

59.1 

75.5 

44.7  (Animal  died) 

0.244 

12 

67.3 

71.7 

25.7  (Animal  died) 

0.262 

20 

66.4 

73.7 

28.2 

0.275 

25 

66.5 

76.9 

35.9 

The  experiment  shows  that  as  long  as  hemoglobin  was  not  more  than  30 
per  cent,  saturated  with  carbon  monoxide,  the  pressure  of  oxygen  in 
arterial  blood  (12-15  per  cent.)  was  less  than  that  in  the  alveoli;  but 
when  the  per  cent,  of  saturation  of  the  hemoglobin  with  carbon  monoxide 
was  more  than  this,  the  calculated  arterial  tension  was  always  higher 
(16-36  per  cent.)  and  might  be  over  100  per  cent,  greater  than  that  of 
alveolar  air.  The  per  cent,  of  saturation  of  the  Hb  by  CO  was  less  in 
vivo  than  in  vitro. 

A  similar  result  was  obtained  for  human  beings  when  breathing  air 
containing  varying  amounts  of  oxygen.  The  experiment  was  tried  on  a 
man  breathing  in  a  closed  system.  While  resting  and  breathing  air  con- 
taining normal  amounts  of  oxygen,  the  tension  of  oxygen  in  the  alveolar 
air  being  from  12-15  per  cent,  and  that  of  COj  5.6  per  cent.,  the  arterial 
blood  had  an  oxygen  tension  varying  in  different  experiments  from  91.6- 
104.4  per  cent,  of  the  tension  in  the  alveolar  air.  In  other  words,  it  was 
only  once  found  to  be  higher  than  the  tension  in  the  alveoli,  but  was 
generally  lower  as  the  diffusion  theory  demanded.  The  same  result  was 
obtained  when  the  subject  was  resting  and  breathing  air  containing  more 
than  the  normal  amount  of  oxygen.    When,  however,  the  amount  of 
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oxygen  was  reduced  so  that  the  per  cent,  of  oxygen  in  the  alveolar  air 
was  lower  than  normal,  the  pressure  of  oxygen  in  the  blood  was  larger 
than  the  tension  in  the  alveoli;  the  difference  was  particularly  large 
when  work  was  done. 


Low  oxygen  pressure. 
BeBtiiiK— 

Og  tension 

COg  tension 

arterial  0^  tension  ir 

per  cent,  of 

alveolar 

alveolar 

alveolar  oxygen 

tension 

115.4 

■                  5.98 

4.93 

121.6 

6.99 

4.78 

128.1 

6.40 

3.48 

112.1 

5.53 

4.74 

Moderate  work. 

One  arm 

124.8 

12.82 

5.39 

Severe  work.     One  arm 

131.7 

15.11 

5.33 

135.0 

15.49 

5.69 

128.0 

11.64 

5.22 

128.0 

19.38 

4.43 

Moderate  work. 

One  arm 

147.6 

10.20 

3.30 

There  is  no  doubt,  therefore,  that  in  normal  circumstances  during  rest 
oxygen  enters  by  a  process  of  diffusion ;  or  at  least  there  is  no  evidence 
of  any  secretory  activity  by  the  alveolar  endothelium.  During  work, 
however,  or  when  there  is  a  deficiency  of  O2,  the  pressure  of  Oj  in  the 
arteries  rises  far  above,  to  135  per  cent.,  that  in  the  alveolar  air.  It 
appears  from  these  experiments,  then,  that  the  lungs  may,  when  there 
is  necessity,  actively  secrete  oxygen  into  the  blood.  This  discovery,  if  it 
be  sustained,  is  evidently  a  very  important  one.  The  way  in  which  the 
lungs  are  aroused  to  activity  when  the  tissues  need  oxygen  is  still  obscure. 
It  may  be  either  by  way  of  the  nervous  system  or  by  some  metabolic 
products  of  the  tissue  activity.  The  authors  state  that  it  is  certainly  not 
by  means  of  CO2,  or  lactic  acid,  since  these  leave  the  process  practically 
unaffected. 

Conclusive  though  these  experiments  seem,  they  are  not  completely 
so,  and  the  whole  question  must  still  be  regarded  as  open.  This  is 
owing  to  the  fact  that  in  any  indirect  method  of  determining  the  pres- 
sure there  are  always  many  assumptions,  some  of  which  cannot  easily 
be  tested.  In  this  method  the  following  assumptions  are  made:  First, 
that  the  colorimetric  method  of  estimating  the  degree  of  saturation  of 
the  hemoglobin  is  reliable.  A  better  method  has  been  devised  by  Hart- 
ridge.  But,  even  if  the  degree  of  saturation  is  correctly  determined, 
the  inference  that  the  rest  of  the  hemoglobin  is  combined  with  oxygen, 
or  uncombined,  is  not  proved.  It  is  possible  that  hemoglobin  unites  with 
many  other  substances  than  gases.  If  so,  these  substances  may  be  present 
in  the  blood  in  larger  amounts  than  usual  under  the  conditions  of  the 
experiment  when  there  is  partial  asphyxia. 
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Another  possible  source  of  error  in  this  indirect  method  of  deter- 
mining the  oxygen  tension  of  the  blood  is  this.  What  is  actually  deter- 
mined is  the  amount  of  carbon  monoxide  hemoglobin  in  the  blood.  From 
this  figure  one  calculates  how  large  the  tension  of  oxygen  must  be  in 
order  to  prevent  the  hemoglobin  from  taking  up  more  carbon  monoxide 
than  it  does.  The  assumption  that  is  made  in  this  is  that  the  avidity 
of  the  oxygen  and  hemoglobin  undergoes  no  change  in  the  course  of  the 
experiment,  but  remains  the  same  as  in  the  experiments  in  vitro.  This 
assumption  may  not  be  correct.  In  the  experiment  oxygen  and  carbon 
monoxide  are  quarreling  for  the  hemoglobin.  The  power  of  the  oxygen 
is  measured  by  its  success  in  the  struggle  under  certain  conditions.  But 
let  it  be  supposed  that  in  times  of  stress,  as  in  partial  asphyxia,  the  body 
has  the  power  of  strengthening  the  hands  of  the  oxygen ;  it  might  then 
wage  a  very  much  more  successful  struggle  for  the  hemoglobin  than 
before  and  displace  more  of  the  carbon  monoxide.  There  are  reasons 
for  thinking  that  the  body  does  possess  just  this  power,  because  it 
forms  oxidases  which  hasten  oxidation  when  it  needs  oxygen.  The 
formation  of  oxyhemoglobin  is  a  process  of  oxidation.  It  is  possible, 
therefore,  that  the  smaller  saturation  of  the  hemoglobin  by  carbon 
monoxide  in  partial  asphyxia  is  not  due  to  the  fact  that  the  tension  of 
the  oxygen  has  been  increased,  but  that  the  efficiency  of  that  actually 
present  has  been  increased  in  its  oxidizing  power  by  the  oxidases.  Per- 
haps the  proportion  of  active  oxygen  molecules  is  increased.  It  woald 
seem  unlikely  that  oxidases  should  play  no  part  in  the  oxidation  of  such 
an  important  substance  as  hemoglobin.  This  possibility  should  be 
investigated.  That  there  is  something  in  its  favor  is  shown  by  the  fact 
I  liat  a  person  exposed  to  a  low  oxygen  pressure,  if  the  pressure  is  not 
too  low,  shows  a  betterment  of  condition  when  slight  work  is  done.  The 
asphyxia  seems  somewhat  relieved  by  the  work.  Perhaps  by  the  activity 
of  the  tissues  more  of  the  oxidase  is  produced. 

d.  Nature  of  the  union  of  hemogloiin  with  oxygen.  There  is  little 
iloubt  that  the  union  between  oxygen  and  hemoglobin  is  chemical  in 
nature.  This  opinion  was  almost  universally  held  until  W.  Ostwald  sug- 
gested that  the  union  was  one  of  adsorption.  If  the  union  is  chemical, 
then  if  the  per  cent,  of  saturation  of  the  hemoglobin  is  plotted  along 
the  ordinate  and  the  tension  of  oxygen  along  the  abscissa,  as  is  done  in 
P^igure  46,  the  curve  of  saturation  of  the  hemoglobin  by  oxygen  should 
be  a  rectangular  hyperbola.  Bohr  did  not  find  this  to  be  the  ease.  The 
cause  of  the  discrepancy  was  investigated  by  Barcroft,  who  found  that 
if  the  hemoglobin  solution  was  thoroughly  dialyzed  so  as  to  rid  it  com- 
pletely from  salts,  then  the  curve  was  a  rectangular  hyperbola,  as  the 
theory  demanded. 

That  the  union  is  chemical  is  shown  also  by  Barcroft  and  Hill.  The 
rate  of  reduction  of  HbO,  by  nitrogen  was  strongly  influenced  by  tern- 
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Fio.  46A.— Curve  of  diSEiociHtinn  or  oxyhemoglobin  showing  the  effects  of  varioDB  Baltf.  I,  0.7%  NnC'I 
n,  NaHCO, ;  III,  Na,HPO,  Bicarl)onate  and  ITa,HPOt  concentration  equivalent  to  NaCl.  Ordi 
nate  :  %  saturation  of  Hb,    Abscissa:  lension  of  Os  in  mms.  Hg. 


Fio.  46B.— Dissociation  curves  of  sheep  blood  at  various  tensions  of  Ci  >s,  V  at  6 ;  IV  at  10;  III  at 
80;  II  ut  40;  und  1  at  80  mm.  Hg.  tension.  Numbers  below  curves  show  actual  c^Oa  tensions  ob- 
servL'd  Temperature  37-38°  C.  Ordinate:  96  saturation  of  oxyhemoglobin.  Abscissa:  tension  of  O2  in 
mms.  Hg  iBarcroft  and  Camis). 
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perature,  going  on  at  a  much  more  rapid  rate  at  a  higher  than  at  a 
lower  temperature  and  the  temperature  coefficient  between  38°  and  18° 
is  3.7  for  10°.  This  indicates  strongly  a  chemical  union,  for  as  a  rule 
physical  processes  have  much  lower  temperature  coefficients  than  this, 
which  is  that  of  a  chemical  reaction.  They  also  determined  the  heat  set 
free  when  one  gram  of  Hb  was  oxidized  to  HbOj.  They  found  for  1 
gram  Hb  1.85  calories.  From  this  they  calculated  the  molecular  weiglit 
of  the  hemoglobin  as  15,200,  which  is  about  that  found  by  Huffner,  if 
one  molecule  of  oxygen  combines  with  one  molecule  of  hemoglobin  and 
if  there  is  one  atom  of  iron  in  the  molecule.  The  process  is  evidently  a 
limited,  or  partially  consummated,  oxidation  process.  One  molecule  of 
hemoglobin  combines  with  one  molecule  of  oxygen  and  a  certain  amount 
of  heat  is  liberated  in  this  process.  We  see,  therefore,  that  to  this  extent 
at  least  Lavoisier  was  right  and  that  some  combustion  really  takes  place 
in  the  lungs.    There  is  some  heat  liberated  there. 

We  have  already  considered  on  page  256  the  physical  chemistry  of  the  process 
of  oxidation,  but  we  may  at  this  point  consider  the  application  of  those  principles  to 
the  oxidation  of  hemoglobin.  The  velocity  of  the  oxidation  is  then  proportional  to 
the  concentration  of  the  active  oxidizing  agent,  to  the  concentration  of  the  active 
reducing  agent,  and  to  the  time  required  for  the  passing  over  of  the  positive  charge 
from  the  oxidizing  (0^)  to  the  reducing  (Hb)  body.  This  last  factor,  which  varies 
so  enormously  in  different  oxidations,  is  in  the  case  of  hemoglobin  in  ordinary  cir- 
cumstances very  long.  It  is  much  longer  than  oxyhemoglobin  ordinarily  exists  before 
the  reaction  is  reversed  in  the  tissues.     Hence  HbO     is  stable  for  a  considerable 

2 

period.  This  molecule  has  quite  a  long  span  of  life.  Nevertheless  it  is  stable  only 
under  very  narrow  conditions  and  a  change  of  alkalinity  sufficiently  great  cauop" 
the  consummation  of  the  oxidation  and  the  formation  of  methemoglobin,  small 
amounts  of  which  are  present  in  normal  blood  and  which  under  pathological  con- 
ditions when  nitrites,  chlorates,  aniline  and  many  drugs  are  taken,  is  formed  in 
large  amounts.  Hemoglobin  is  a  substance  combining  easily  with  oxygen,  but  in 
which  the  oxidation  does  not  go  to  a  conclusion. 

The  velocity  may  be  written  in  the  form  of  an  equation: 


d(HbOJ/dt  =  KC^xC 


Bb 


CI  is  the  concentration  of  the  active  oxygen,  that  is  oxygen  in  a  condition  to 
unite;  and  C  '    is  the  concentration  of  the  active  hemoglobin.    The  reaction  is 

1.  HbZr^Hb" 

2.  o^":— ro^" 

3.  Hb"  +  0  "::=rHbO 

'         2    •  9 

The  point  of  equilibrium  and  the  velocity  of  the  reaction  will  be  determined  not 
by  the  total  concentration  of  the  Hb  and  the  0  ,  but  by  the  concentration  of  the 
active  molecules  present.  Now  most  oxidations  have  these  two  peculiarities:  They 
are  accelerated  by  light,  particularly  by  ultra-violet  light,  and  they  are  all  de- 
pendent upon  water.  In  light,  therefore,  the  per  cent,  of  saturation  of  the  hemo- 
globin at  a  given  pressure  of  oxygen  should  be  higher  than  in  darkness  and  the 
velocity  of  the  oxidation  should  be  greater. 

A  second  important  fact  in  oxidation  is  the  lule  of  water.    Substances  do  not 
oxidize  in  the  dry  state.     The  probable  explanation  of  this  fact,  or  at  least  one 


486  PHYSIOLOGICAL    CHEMISTRY 

explanation,  is  that  given  in  the  case  of  bromine  oxidations  (p.  260).  It  is  almost 
certain  that  when  bromine  oxidizes  the  active  agent  is  not  bromine  Itself,  but  a 
positive  bromine  ion,  which  is  formed  by  the  interaction  of  bromine  and  water  as 
follows: 

1.  Br  +  HOH::;^HBr  4- HOBr 

2.  HOBr-p— Br  +  OH 

The  Br  +  set  free  is  a  powerful  oxidizing  agent  and  the  speed  of  the  reaction  is 
probably  proportional  to  its  concentration.  The  oxidation  by  copper  and  oxygen  is 
probably  very  similar  as  already  discussed  on  page  260.  We  probably  have  the 
reactions: 

3.  Hb"  -j-  O-H-  ( OH )  ,:;=HbO^  +  H^O 

Heat  is  liberated  in  the  last  reaction. 

The  condition  of  the  hemoglobin  must  also  be  a  great  factor  in  the  speed  of  the 
oxidation.  All  the  evidence  we  have  shows  that  reducing  bodies  are  not  always  in 
a  state  to  receive  the  oxidizing  body  and  as  a  rule  the  condition  of  ionization  of  the 


Fig.  47. — Effects  of  temperature  on  rate  of  reduction  of  sheep's  blood  by  hydrogen. 
(Oinuma).     Ordinate:  per  cent  of  saturation  with  oxygen;  abscissa:  time  in  minutes. 

reducing  body  is  of  great  importance.  Now  Hb  is  probably  a  salt  of  a  metal,  sodium 
or  potassium,  and  the  condition  of  the  iron,  with  which  the  oxygen  is  combined,  will 
probably  be  found  to  be  a  function  of  the  particular  metal  in  combination  with  the 
hemoglobin. 

It  will  be  seen  then  from  the  foregoing  equations  that  the  speed  of  oxidation 
and  the  per  cent,  of  saturation  of  the  hemoglobin  with  O  will  depend  in  the  first 
instance  on  the  alkalinity,  or  number  of  hydroxyl  ions.  Hence  an  increase  in  the 
alkalinity  of  the  blood  will  cause  Hb  to  take  up  0  faster  and  hold  a  larger  propor- 
tion of  it  since  this  increases  the  active  mass  of  the  oxygen;  and  acidity  will  have 
an  opposite  effect,  causing  the  HbO  to  give  up  O  ,  hastening  the  reduction  and 
lowering  the  point  of  equilibrium  when  saturation  is  reached.  The  effect  of  tem- 
perature, since  the  reaction  is  exothermic,  will  be  to  increase  the  dissociation  as 
the  temperature  rises.  Alkalies  may  also  affect  the  active  mass  of  the  Hb.  These 
theoretical  conclusions  are  borne  out  by  experiment. 
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e.  Factors  influencing  the  dissociation  of  0^  from  HhO^.  Bohr 
opened  this  subject  by  his  discovery  that  carbon  dioxide  strongly  influ- 
enced the  dissociation  curve  of  HbOj.  Hemoglobin  takes  up  less  0^ 
as  the  tension  of  CO2  increases ;  and  HbOg  gives  off  O2  much  quicker  in 
the  presence  of  CO2.    This  is  a  matter  of  great  importance  in  the  body. 
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Fio.  48. — Curves  Illustrating  the  dissociation  of  oxyhemoglobin  of  sheep  blood  on  the 
addition  of  various  amounts  of  lactic  add  (Barcroft  and  Orbell).  The  upper  curve  repre- 
sents the  per  cent,  of  saturation  of  normal  blood  when  the  oxygen  tension  in  mm.  is  that 
represented  along  the  abscissa.  The  two  lower  curves  show  the  effect  of  the  addition  of 
lactic  acid. 

The  studies  of  Barcroft  and  his  associates  have  shown  the  influence  of 
alkalies,  acids,  salts,  temperature  and  light  on  the  dissociation  of  this 
oxide. 

1.  Effect  of  temperature  on  dissociation.  The  per  cent,  of  satura- 
tion of  hemoglobin  in  air  and  at  different  temperatures  was  determined 
by  Barcl-of t  and  Hill  as  follows : 

Dog's  hemoglobin. 

Saturation   ( % )    96        89        77        Sii 

Temperature  (°) 16        25        32        38 

2.  Acids  and  alkalies.  Alkalies  increase  the  speed  and  the  per  cent, 
of  saturation  under  a  given  oxygen  pressure  and  acids  have  the  oppo- 
site effect.  This  is  shown  in  the  following  figures  from  Barcroft  and 
Camis  and  in  figure  48  and  46A : 
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Per  cent,  saturation  of  hemoglobin  in  water  29       40 

Tension  0„  in  mm 12.5     15.5 

Per  cent,  saturation  Hb  alkaline  with  (NH^)j,COj  ..     78.5     79 
Tension  0    in  mm 20.5     21 

2 

It  will  be  seen  that  in  water  at  a  tension  of  50  mm.  Hg  hemoglobin  is 
less  than  80  per  cent,  saturated.  In  ammonium  carbonate  solution  it  is 
98  per  cent,  saturated.  The  effect  of  carbon  dioxide  in  reducing  the 
saturation  of  the  hemoglobin  is  shown  in  the  figures  and  curves  in 
Figure  46B : 

Washed  dog's  corpuscles  in  Ringer's  solution. 
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3.  The  effect  of  salts  on  dissociation.  The  action  of  salts  is  also 
very  important.  Human  blood  corpuscles  contain  more  potassium  salts 
than  sodium,  whereas  dog's  corpuscles  contain  more  sodium.  Potassium 
salts  are  particularly  efScient  in  increasing  the  per  cent,  of  saturation  of 
the  Hb.  The  salts  in  the  corpuscles,  or  the  nature  of  the  base  in  union 
with  the  Hb,  is,  therefore,  of  considerable  importance  in  this  exchange. 

At  a  tension  of  50  mm.  of  oxygen  the  hemoglobin  in  solution  in 
0.7  per  cent.  NaCl  is  85.5  per  cent. ;  in  0.9  per  cent.  KCl  it  is  95  per  cent, 
saturated ;  and  in  NagHPOi  it  is  more  than  this.  It  is  probable  that  this 
difference  in  salt  content  explains  the  difference  in  saturation  of  differ- 
ent bloods  when  exposed  to  the  same  tension  of  Oj. 

4.  Other  factors  possibly  influencing  the  dissociation  of  HhO^- 
There  is,  in  addition  to  the  factors  already  mentioned  as  controlling 
the  union  of  Hb  with  0^,  one  other  which  has  been  so  far  neglected,  but 
which  was  mentioned  on  page  483.  It  may  be  that  there  are  in  the  plasma 
or  corpuscles  substances  which  may  facilitate  the  union  of  hemoglobin 
with  oxygen.  It  would  be  interesting  to  see  what  influence  small  traces 
of  iron  might  have  on  this  process.  It  is  said  that  small  amounts  of  iron 
are  constantly  getting  free  from  the  Hb,  particularly  from  reduced 
hemoglobin.  Indeed,  Bohr  suggested  that  the  iron  was  alternately  set 
free  and  reunited  with  the  Hb,  but  such  is  probably  not  the  case.  The 
matter  should  be  further  studied. 
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f.  Biological  significance  of  factors  influencing  HbO^  dissociation. 
The  general  biological  significance  of  the  facts  thus  described  for  blood 
is  very  great.  We  may  indeed  take  hemoglobin  as  a  type  of  a  sub- 
stance uniting  with  oxygen.  Substances  having  the  power  of  uniting 
with  oxygen  are  found  in  all  cells  of  the  body,  and  it  is  probable,  since 
the  dissociation  of  the  cell  from  oxygen  is  a  matter  of  a  good  deal  more 
difficulty  than  the  dissociation  of  HbOj,  that  these  substances  hold  their 
oxygen  a  good  deal  more  firmly  than  the  oxygen  is  held  by  Hb.  They 
do  not  easily  give  up  their  oxygen  to  a  vacuum.  The  tension  of  oxygen 
in  the  tissues  is  very  low.  There  are  many  reasons  for  thinking,  how- 
ever, that  oxygen  storage  may  occur  there.  The  protoplasm  is  made  up 
of  reducing  substances.  "We  may  be  certain,  in  any  case,  that  the  oxida- 
tion of  a  cell,  like  that  of  hemoglobin,  will  be  profoundly  affected  by 
sunlight,  temperature,  alkalinity  and  acidity  and  by  salts.  And  indeed 
all  our  facts  prove  this  to  be  the  case.  Oxidation  is  facilitated  in  the 
light  ■  by  fevers  or  high  temperatures ;  by  slight  alkalinity ;  and  by  vari- 
ous salts. 

The  acidity  produced  by  carbon  dioxide  and  lactic  acid  is  very  impor- 
tant in  turning  oxygen  out  of  its  union  with  hemoglobin  when  the  blood 
reaches  the  tissues.  This  must  play  a  great  part  in  cold-blooded  animals, 
where  at  low  temperatures  the  oxygen-hemoglobin  compound  dissociates 
very  little.  Carbon  dioxide  does  not  in  the  frog  find  its  way  out  through 
the  lungs,  but  through  the  skin.  Perhaps  it  is  kept  in  the  body  for  this 
purpose. 

g.  The  exchange  in  the  tissues.  While  the  exchange  in  the  lungs 
has  been  supposed  by  some  to  involve  secretory  activity  on  the  part  of 
the  plates  of  the  lung  endothelium,  the  exchange  in  the  tissues  is  believed 
to  be  due  only  to  processes  of  diffusion.  The  pressure  of  oxygen  in  the 
tissues  is  less  than  that  in  the  capillaries  and  the  pressure  of  carbon 
dioxide  in  the  tissues  is  greater  than  that  in  the  blood.  So  that  there 
is  no  reason  for  supposing  that  any  other  factors  than  those  of  diffusion 
pi  ay  a  part  in  this  exchange. 

The  clood  as  it  leaves  the  tissues  is  still  rich  in  oxygen.  It  is  never, 
under  ordinary  circumstances,  completely  reduced.  Indeed,  venous 
blood  still  contains  a  large  proportion  of  its  oxygen.  Analyses  of  blood 
coming  from  different  organs  show  differences  in  this  respect  as  might 
be  anticipated,  but  the  following  table  illustrates  the  composition  of  the 
gases  of  the  venous  blood  from  various  organs;  the  figures  are  c.c.  for 
100  c.c.  of  blood : 

Oraan  Blood  CO,  0,  Observer 

Submaxillary    (  Arterial  53.1         15.2         Chauveau  and  Kaufmanii 

gland  resting     (  Venous  55.2         11.4         (Bareroft:  Ergebnisse  7) 

Leg  of  dog         (  Arterial  21.92        14.4         Zimst 

muscle  resting  j  Venous  36.32         1.2 


Name  of  tissue 

Oxygen  conBumptJon 

Animal 

Skeletal  muscle 

.0037  C.C. 

Horst 

Heart  muscle 

.010 

Dog 

Salivary  glands 

.028 

Dog 

.023 

Cat 

Pancreas 

.03-0.05 

Dog 

Intestinal  canal 

.023 

Dog 

Kidneys 

.026 

Dog 
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Organ                            Blood  OOj               O,                 ObeerTer 

Supra-renal           Arterial  21.79  Chassevaut  and  Langlois 

gland  (tiiircroft; 

Brain                   (  Arterial-carotid  40.86        16.81  Hill  and  Nabarre 

{  Venous  (Mean  values) 

(Torcula  Heroph.)  44.74        13.39 

The  following  table  from  Barcroft  shows  the  consumption  of  oxygen 
in  e.cm.  pro  gram  per  minute  by  various  tissues : 

Oxygen  Consumption  pbo  Gbam  per  Minute  by  Resting  Tissue 

observer 
Cbauveau  and  Kaufmann 
Barcroft  and  Dixon 
Barcroft  and  Dixon 
Barcroft 

Barcroft  and   Starling 
Brodie,  Halliburton  and  Vogt 
Barcroft  and  Brodie 

h.  Is  the  respiratory  pigment  as  it  exists  in  the  blood  itself  hemo- 
globin? Does  hemoglobin  as  it  exists  in  the  blood  differ  in  its  properties 
of  oxygen  absorption  from  isolated  hemoglobin?  Bohr  thought  that  it 
did.  He  supposed  that  there  were  distinct  differences  between  hemo- 
globin and  the  blood  pigment,  which  he  called  hemochrome.  The  reason 
for  this  opinion  was  that  solutions  of  hemoglobin  in  water  were  found 
by  him  to  have  a  different  curve  of  dissociation  of  the  HbOj  compound 
than  the  curve  for  the  dissociation  in  blood  itself.  But  Bohr  overlooked 
the  fact  that  the  dissociation  curve  depends  on  the  amount  and  character 
of  the  salts  present.  Barcroft  and  Camis  showed  that  a  solution  of  dog's 
hemoglobin,  to  which  had  been  added  the  salts  found  in  dog's  corpuscles* 
gave  a  curve  of  dissociation  like  that  of  dog's  blood  ;  and  that  if  to  dog's 
hemoglobin  salts,  like  those  in  human  red  corpuscles,  were  added  a  curve 
of  dissociation  was  obtained  like  that  of  human  blood.  It  appears,  there- 
fore, that  there  is  no  reason  to  suppose  that  the  pigment  as  it  exists 
in  the  blood  is  different  from  hemoglobin.  There  is  no  evidence,  in 
other  words,  that  the  shape  of  the  corpuscle,  its  wall  or  other  properties 
play  a  part  in  the  process  of  the  union  of  hemoglobin  and  oxygen.  Blood, 
in  virtue  of  its  alkali  salts,  has,  however,  a  great  advantage  over  a  simple 
solution  of  hemoglobin  in  water.  Thus  at  30  mm.  oxygen  pressure 
hemoglobin  in  aqueous  solution  is  only  62  per  cent,  saturated;  whereas 
blood  at  the  same  pressure  saturates  itself  to  69  per  cent.,  owmg  to  the 
potassium  salts  in  the  corpuscles.  Hemoglobin  in  the  corpuscles  is,  how- 
ever, almost  certainly  in  chemical  union  with  the  stroma,  so  that  the 
oxygen-carrying  substance  in  the  blood  is  in  reality  stroma-hemoglobin 
compound  and  not  free  hemoglobin. 

i.  Respiration  of  the  blood  itself.  Does  the  blood,  then,  not  respire 
itself?  Does  it  consume  no  oxygen  and  give  off  no  CO,?  While  the 
great  bulk  of  the  oxidation  occurs  in  the  tissues,  there  can  be  no  doubt 
that  a  certain  amount  occurs  in  blood  itself.    Blood  is  a  living  tissue. 
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The  white  cells  in  it  certainly  respire,  and  the  red  corpuscles  probably  do 
also  to  a  limited  extent,  since  they  contain  in  their  stroma  oxidizable 
substances.  But  the  rate  of  their  respiration  is  undoubtedly  small.  Not 
so,  however,  with  the  white  or  nucleated  cells  both  white  and  red.  Par- 
ticularly after  hemorrhage  the  blood  shows  a  considerable  power  of  oxi- 
dation of  itself,  and  also  during  asphyxia,  or  whenever  the  tissue  decom- 
position is  greater  than  the  tissue  oxidation  can  burn,  these  substances 
get  free  in  blood  and  in  part  burn  there.  Thus  Bohr  found  that  the 
ratio  of  O2  to  the  iron  of  the  blood  underwent  marked  changes  after 
hemorrhage,  so  that  he  suggested  that  there  was  more  than  one  kind  of 
hemoglobin  in  the  blood.  But  it  has  since  been  shown  (Douglas)  that 
the  oxygen  capacity  of  the  blood  after  hemorrhage  is  exactly  propor- 
tional to  its  hemoglobin  content,  so  that  there  is  no  change  in  the  char- 
acter of  the  hemoglobin.  It  has  been  found,  too,  that  the  blood  of  rab- 
bits made  anemic  (Morawitz  and  Pratt)  by  repeated  injections  of  phenyl 
hydrazine  or  repeated  hemorrhage  has  a  remarkable  power  of  absorption 
of  oxygen  and  production  of  COj.  The  following  figures  show  the  con- 
sumption of  oxygen  by  rabbit  blood  after  repeated  hemorrhage : 

O  Percent.  CO  Percent. 

2  2 

After  aeration  8.7                               30.8 

Incubated     %  hojir   6.0                                34.8 

"           IVz      "      2.8                                 36.0 

21^      "       0.3                                 39.1 

3%      " 39.9 

Respiratory  quotient  CO  /O  =.91. 

The  main  factors  in  this  consumption  are  the  white  and  the  nucleated  red 
blood  corpuscles.  That  the  oxygen-consuming  power  is  found  chiefly 
in  the  white  corpuscles  can  easily  be  made  evident  by  centrifuging 
defibrinated  blood.  It  will  generally  be  observed  that  the  red  color 
immediately  beneath  the  layer  of  white  corpuscles  which  rests  upon  the 
red  corpuscles  is  that  of  reduced  hemoglobin.  In  the  blood  of  inverte- 
brates the  corpuscles  are  in  many  cases  altogether  white  corpuscles.  In 
Limulus,  the  king  crab,  there  is  a  blood  pigment  which  is  blue  when 
oxidized  and  colorless  when  reduced.  This  pigment  corresponds  to 
hemoglobin,  but  contains  copper  in  place  of  iron.  It  is  called  hemo- 
eyanin.  It  will  be  observed  in  this  blood  if  it  is  allowed  to  clot  that  the 
blood  is  white  or  reduced,  except  in  the  upper  layers  of  the  clot,  where 
it  comes  in  contact  with  the  air. 

j.  Evolution  of  hemoglobin.  The  evolution  of  hemoglobin  is  of 
interest.  Iron  is  found  in  all  forms  of  living  matter  and  in  all  it  plays 
perhaps  a  predominant  role  in  oxidation.  In  the  course  of  evolution  an 
iron  compound  was  evolved  which,  while  permitting  the  iron  to  take 
up  oxygen,  was  not  itself  oxidized  by  it.  It  remained,  therefore,  an 
easily  reduced,  but  otherwise  fairly  stable,  oxide.     This  substance  is 
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hemoglobin.  It  is  found  very  low  in  the  animal  kingdom  in  annelids, 
nemertines  and  mollusks.  In  the  lowest  forms  and  in  its  primitive  con- 
dition it  is  a  constituent  of  the  muscles,  just  as  it,  or  a  closely  allied 
substance,  is  found  in  many  vertebrate  muscles  to  which  it  gives  a  red 
coloration.  Here  it  plays  its  primitive  role  of  a  storer  of  oxygen.  The 
next  step  consisted  in  having  it  free  in  the  circulating  fluid  as  it  occurs 
in  the  nemertines,  so  that  it  could  obtain  oxygen  at  the  surface  of  the 
body  and  bring  it  back  to  the  tissues.  Finally  we  have  it  inclosed  in 
corpuscles,  where  it  may  be  surrounded  by  salts,  which  are  parlisnilarly 
useful  for  its  functions,  but  which,  if  at  large  in  the  blood  stream,  would 
be  harmful  to  the  organism.  It  is  possible,  also,  that  the  concentration 
of  hemoglobin  in  the  blood  can  be  increased  by  this  means  above  that 
which  is  possible  by  simple  solution ;  and  finally  it  may  be  that  the  wall 
of  the  corpuscle  has  been  particularly  evolved  to  make  a  membrane 
which,  like  the  gills  of  the  fish,  will  let  gases  through  readily,  but  will 
prevent  the  entrance  of  many  substances  which  might  combine  with 
hemoglobin.  It  is  possible  that  there  are  in  the  tissues  other  colorless 
protein  or  other  compounds  to  which  oxygen  is  more  firmly  attached 
than  it  is  in  the  hemoglobin  and  which  serve  the  purpose  of  storing 
oxygen  in  the  tissues.  The  existence  of  such  compounds  can  hardly  be 
doubted;  some  have  been  described  (GrifSths)  ;  and  they  are  supposed 
by  many  physiologists  to  play  a  great  role  in  anaerobic  respiration. 

k.  Other  compounds  of  hemoglobin  with  gases.  Hemoglobin  com- 
bines with  many  other  substances  than  oxygen,  and  perhaps  one  advan- 
tage of  placing  it  within  corpuscles  may  be  to  protect  it  from  such  other 
substances.  They  may  find  difficulty  in  entering  the  blood  cell.  Indeed, 
it  may  be  that  the  envelop  of  the  red  blood  corpuscle  has  been  devised 
to  permit  the  easy  passage  of  CO2  and  oxygen  through  it,  but  to  resist 
most  of  the  other  food  and  metabolic  products  of  the  body.  Among 
the  substances  readily  penetrating  the  red  blood  corpuscles  is  carbon 
monoxide,  CO,  which  is  found  in  illuminating  gas.  This  substance  is 
either  far  more  reactive  than  oxygen  or  else  it  forms  a  firmer  compound 
with  the  hemoglobin.  Probably  the  latter  is  the  case.  The  HbCO  com- 
pound, carbonyl -hemoglobin,  dissociates  less  readily  than  oxyhemoglobin, 
or  else  the  active  mass  of  the  CO,  that  is  the  proportion  of  molecules  in 
a  condition  to  unite  with  hemoglobin,  is  greater  in  it  than  in  oxygen. 
When  blood  is  exposed  to  a  mixture  of  carbon  monoxide  and  oxygen  or 
air  hemoglobin  takes  mp  by  preference  the  carbon  monoxide  so  that  even 
though  there  is  little  carbon  monoxide  present,  as  compared  with  oxygen, 
blood  saturates  itself  to  a  considerable  extent  with  carbon  monoxide.  If 
hemoglobin  becomes  .50  per  cent,  saturated  with  CO,  the  life  of  an  animal 
is  endangered.  In  liiiraan  blood  50  per  cent,  saturation  of  the  hemoglobin 
with    carbon  monoxide  occurs  at  room  temperature  in  the  presence  of 
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air'  containing  about  0.05  per  cent,  by  volume  of  CO  gas.    It  is  for  this 
reason  that  the  presence  of  even  small  amounts  of  carbon  monoxide  in 
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FIG.  49. 
Explanation  :  Spectra  1,  2.  3  and  4,  Oxyhemoglobin  of  various  degrees  of  concentra- 
tion ;  Spectrum  5,  Hemoglobin ;  Spectrum  6,  CO-Hemoglobin ;  Spectra  7  and  8,  Hematln 
in  alkaline  solution  of  different  degrees  of  concentration :  Spectrum  9,  Hemochromogen 
(Stokes'  reduced  hematini  :  Spectrum  10,  Methemoglobin ;  Spectrum  11,  Acid  bematln 
(blood  treated  wltb  acetic  acid)  ;  Spectrum  12,  Acid  hematin  in  ethereal  solution;  Spec- 
trum  13.  Acid  hematoporphyrln  ;  Spectrum  14,  Alkaline  hematoporphyrin. 

the  air  of  houses  is  so  detrimental  to  health.  The  bloods  of  different 
animals  show  different  powers  of  saturation  with  carbon  monoxide  when 
they  are  exposed  to  the  same  mixture  of  air  and  carbon  monoxide,  arid 
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there  is  a  variation  also  in  different  species  of  the  same  animal.  This 
fact  has  not  yet  been  explained.  It  may  be  due  to  the  fact  that  the 
saturation  of  the  blood  by  oxygen  is  dependent  upon  various  factors 
which  do  not  affect  the  carbon  monoxide.  Thus  the  percentage  of  satura- 
tion of  the  blood  by  oxygen  is  dependent  upon  carbon  dioxide,  alkalinity 
and  lactic  acid,  whereas  the  dissociation  of  carbon  monoxide  hemoglobin 
does  not  appear  to  be  much  if  at  all  affected  by  the  presence  of  these 
substances.  It  may  be,  therefore,  that  the  salts  of  the  blood  corpuscles 
being  different  in  different  animals  determines  that  the  per  cent,  of 
saturation  of  the  hemoglobin  with  oxygen  shall  be  different,  and  accord- 
ingly leave  more  or  less  hemoglobin  free  for  carbon  monoxide  to  unite 
with.  Mouse  blood,  for  example,  is  one-third  less  saturated  with  carbon 
monoxide  than  human  blood  when  both  are  exposed  to  the  same  mixtures 
of  O2  and  CO  gases  (Hartridge).  The  firmness  of  the  union  of  carbon 
monoxide  with  hemoglobin  makes  it  very  difficult  to  replace  it  with 
oxygen  and  so  to  resuscitate  a  person  poisoned  by  illuminating  gas. 
Inasmuch  as  alkali  does  not  affect  the  firmness  of  the  union  of  the  hemo- 
globin with  carbon  monoxide,  but  does  increase  the  power  of  hemo- 
globin to  unite  with  oxygen,  it  would  appear  wise,  in  cases  of  poisoning 
by  coal  gas,  to  give  large  amounts  of  sodium  bicarbonate. 

The  spectrum  of  COHb  differs  slightly  from  that  of  oxyhemoglobin, 
Figure  49,  the  two  absorption  bands  being  shifted  slightly  to  the  blue 
end  in  the  carbonyl  hemoglobin.  From  this  a  very  good  method  has 
been  devised  by  Hartridge  for  estimating  the  per  cent,  of  earbonj'l 
hemoglobin  in  blood.  The  absorption  bands  of  CO  Hb  are  in  an  M/5000 
solution  10  mm.  deep :  I,  582.1-560 ;  II,  548.5-522.9.  The  bands  of  HbO, 
under  similar  conditions  are:  I,  585-567;  II,  550.7-527. 

Carbon  monoxide  hemoglobin  is  more  stable  than  oxyhemoglobin.  It 
coagulates  at  a  higher  temperature  and  at  a  slower  rate  than  HbOa; 
earbonmonoxyhemoglobin  is  not  attacked  by  ferricyanide  of  potassium  in 
the  dark  to  make  methemoglobin,  but  is  in  the  light.  This  shows  that 
earbonmonoxyhemoglobin,  or  carbonyl  hemoglobin,  as  it  may  be  called, 
is  dissociated  by  light,  at  least  when  in  the  presence  of  oxygen.  If  blood 
be  exposed  to  the  same  mixtttre  of  oxygen  and  carbon  monoxide  in  the 
dark  and  in  the  light  the  relative  amounts  of  oxy-  and  carbonyl 
hemoglobin  will  be  different  in  the  two  eases.  It  is  probable  that  reduced 
hemoglobin  is  less  stable  than  oxyhemoglobin  and  the  reason  that  car- 
bonyl hemoglobin  coagulates  more  slowly  and  at  a  higher  temperature 
than  oxyhemoglobin  is  that  there  is  less  of  the  reduced  hemoglobin 
formed  by  dissociation.  Carbon  monoxide  probably  unites  like  oxygen 
with  the  iron  atom  of  the  hemoglobin  molecule.  The  union  may  be  of 
the  nature  of  a  carbonyl  of  iron,  since  this  gas  has  the  property  of 
forming  such  carbonyl  derivatives  with  the  metals  of  the  iron  group. 
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Haldane  and  his  co-workers  have  generally  assumed  that  carbon 
monoxide  unites  only  with  hemoglobin  and  that  it  owes  its  toxicity 
solely  to  the  fact  that  it  thus  interferes  with  the  oxygen-carrying  power 
of  the  hemoglobin.  It  is  very  doubtful  whether  this  is  the  ease.  It  is 
more  probable  that  it  unites  with  other  oxygen  receptors,  as  well  as 
those  of  hemoglobin,  and  it  may  thus  act  directly  on  cells.  It  is  found 
to  be  somewhat  more  toxic  than  an  equivalent  asphyxia  for  mammals, 
which  would  bear  out  this  view.  It  is  toxic  toward  some  animals  and 
plants  which  have  no  hemoglobin,  but  is  not  toxic  for  others. 

Illuminating  gas  has  in  it  another  substance,  ethylene,  CHj :  CHj, 
which  toward  many  plants  is  vastly  more  toxic  than  carbon  monoxide. 
Although  ethylene  is  present  in  the  gas  in  very  small  quantities  it  is  the 
most  toxic  element  of  the  gas  for  trees  and  various  seedlings.  The  action 
of  this  gas  on  animals  should  be  carefully  investigated.  It  is  possible 
that  a  part  of  the  beneficial  action  of  sleeping  out  of  doors  may  be  due 
to  escaping  the  poisonous  action  of  small  amounts  of  illuminating  gas, 
which  penetrate  from  leaking  pipes,  joints  and  cocks  into  all  dwellings. 
It  has  recently  been  stated  that  ethylene  is  the  anesthetic  element 
present  in  ether,  and  there  seems  little  question  but  that  the  addition 
of  ethylene  to  ether  improves  its  anesthetic  power.  The  anesthetics 
generally  unite  with  hemoglobin. 

Nitrous  oxide  Tiemoglobin.  Nitrous  oxide,  or  laughing  gas,  also 
forms  a  loose  combination  with  hemoglobin.  It  is  very  suggestive  that 
this  mild  and  typical  anesthetic  is  thus  found  to  unite  with  an  oxygen 
receptor  in  an  easily  dissociable  union.  It  suggests  that  anesthesia  may 
be  produced  by  the  saturation  of  the  oxygen  receptors  of  the  protoplasm 
by  anesthetics. 

Nitric  oxide  (NO)  hemoglobin  is  a  firmer  compound,  and  with  this 
gas  hemoglobin  is  easily  oxidized  to  methemoglobin. 

Hydrocyamc  acid  Tiemoglobin.  Hydrocyanic  acid,  HNC,  also  unites 
with  hemoglobin  probably  by  means  of  its  bivalent  carbon  atom  H-N=C. 
There,  again,  is  another  tjrpical  respiratory  poison  and  anesthetic  occu- 
pying an  oxygen  receptor.  It  probably  unites  in  the  same  manner  in 
the  cell  and  thus  prevents  union  with  oxygen.  The  union  is  in  both 
cases  dissociable. 

Carbon  dioxide  unites  with  some  part  of  the  hemoglobin  molecule, 
but  it  is  more  probable  that  it  unites  with  the  protein  part  qjf  the 
molecule  than  with  the  iron. 

Sulphureted  Tiydrogeii,  HjS,  forms  the  compound  HbHjS.  The 
union  is  probably  with  the  extra  valences  on  the  sulphur,  HjS.  Pre- 
sumably, also  sulphur,  S,,  will  unite  with  hemoglobin  to  give  sulphur 
hemoglobin,  but  this  comtpound  does  not  seem  to  have  been  dis- 
covered. 
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To  what  extent  hemoglobin  unites  with  other  substances  has  hardly 
been  studied,  but  it  will  probably  be  found  that  many  other  substances 
will  unite  with  it.  For  example,  it  is  known  that  the  anesthetics,  such  as 
ether  and  chloroform,  when  in  blood,  unite  chiefly  with  the  red  blood 
corpuscles.  It  is  believed  by  most  observers  that  they  form  a  loose  union 
with  the  lecithin  or  other  lipin  of  the  corpuscles.  Solutions  of  lecithin 
and  cholesterin  have  the  power  of  dissolving  more  anesthetic  than  water 
alone ;  but  there  may  be  in  addition  a  union  with  the  hemoglobin,  which 
will  retard  its  oxygen-carrying  capacity,  and  thus  play  a  part  in 
anesthesia.  Particularly  chloroform  from  its  greater  chemical  activity 
may  be  supposed  to  act  in  this  way.  The  observations  of  Buckmaster 
and  Gardener  show  that  anesthetics  in  some  way  or  other  do  lower  the 
oxygen-carrying  capacity  of  the  blood. 

1.  Summary  of  the  oxygein^carrying  capacity  of  the  blood.  We  may 
now  briefly  summarize  the  discussion  in  the  previous  pages.  The  blood 
contains  in  the  red  blood  corpuscles  a  red  pigment,  hemoglobin,  which 
is  probably  in  union  with  the  stroma.  Normal  human  blood  contains 
in  100  CO.  about  14  grams  of  Hb.  Hemoglobin  has  the  property  of 
uniting  with  molecular  oxygen  and  giving  it  off  again  in  a  molecular 
form.  In  virtue  of  this  property  the  blood  is  able  to  unite  with  con- 
siderable quantities  of  oxygen  in  the  lungs  to  form  oxyhemoglobin,  which 
is  of  a  scarlet  color,  and  to  carry  oxygen  to  the  tissues,  which  take  the 
oxygen  away  in  virtue  of  their  reducing  powers.  In  the  tissues  the 
pressure  of  the  oxygen  is  extremely  low,  and  in  virtue  of  this  fact  oxygen 
dissociates  from  oxyhemoglobin  and  enters  the  tissues.  The  oxy- 
hemoglobin is  thus  partially  reduced  and  the  blood  changes  to  the  purple 
color  of  venous  blood,  due  to  the  presence  in  it  of  hemoglobin.  The 
amount  of  oxygen  in  the  arterial  blood,  as  it  leaves  the  lungs,  is  different 
in  different  individuals  and  in  different  animals,  and  it  depends  in  the 
first  instance  on  the  amount  of  hemoglobin  there  is  in  one  cubic  centi- 
meter of  blood.  But  in  general  there  can  be  extracted  from  100  c.c. 
human  arterial  blood  about  19-20  c.c.  of  oxygen  gas,  measured  at  0°  and 
760  mm.  of  Hg  pressure.  One  gram  of  Hb  combines  with  approximately 
1.34  c.c.  of  O2  gas.  From  venous  blood  less  oxygen  can  be  extracted, 
the  average  amount  being  in  human  beings  about  15  c.c.  of  oxygen, 
although  it  may  under  circumstances  be  less.  The  amount  of  oxygen 
taken  up  by  the  blood  depends,  in  part,  upon  the  partial  pressure  of  the 
oxygen,  but  even  when  this  partial  pressure  is  reduced  to  only  13  per 
cent,  of  an  atmosphere  instead  of  the  usual  20  per  cent.,  the  blood  is 
still  93  per  cent,  saturated. 

The  per  cent,  of  saturation  of  the  blood  by  oxygen  depends  upon 
severar  factors ;  upon  temperature,  alkalinity  or  acidity  of  the  blood, 
upon  light  and  upon  the  presence  of  salts  and  of  certain  specific  salts. 
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Since  these  factors  vary  in  dif erent  animals,  the  per  cent,  of  saturation 
of  their  blood  by  oxygen  when  exposed  to  the  same  gas  mixture  varies 
also. 

Blood  also  carries  carbon  dioxide  from  the  tissues  to  the  lungs,  where 
it  is  given  up.  This  carbon  dioxide  is  in  part  dissolved  as  such  in  the 
water  of  the  blood  and  the  corpuscles,  but  in  large  part  it  is  present 
combined  with  other  substances  in  solution  in  the  plasma.  In  part  it  is 
there  in  sodium  bicarbonate  and  in  part  in  union  with  the  proteins  of 
the  blood  plasma.  It  is  also  carried  in  the  red  blood  corpuscles,  presum- 
ably united  with  the  hemoglobin,  but  not  united  with  the  iron  of  the 
hemoglobin.  The  passage  of  carbon  dioxide  into  blo9d  from  the  tissues 
renders  the  blood  in  the  capillaries  more  acid,  or  rather  less  alkaline, 
so  that  carbon  dioxide  in  this  way  helps  to  turn  the  oxygen  out  of  its 
union  with  hemoglobin  and  so  make  it  available  to  the  tissues.  And 
when  the  lungs  are  reached  the  passage  of  carbon  dioxide  outward  into 
the  alveoli  sets  free  the  alkali  to  which  the  carbon  dioxide  had  been 
attached.  This  facilitates  the  taking  up  of  oxygen  in  the  lungs.  Other 
acids  act  in  the  same  manner  as  carbon  dioxide,  so  that  the  products  of 
oxidation  in  the  tissues,  the  organic  acids,  may  thus  assist  in  providing 
the  tissues  with  oxygen  by  which  these  products  may  be  oxidized. 

The  passage  of  oxygen  into  the  blood  and  carbon  dioxide  out  of 
the  blood  in  the  lungs  is  generally  supposed  to  be  due  to  processes  of 
diffusion  and  to  be  thus  a  physical  process.  The  pressure  of  oxygen  in 
arterial  blood  is  always,  under  ordinary  conditions,  lower  than  that  in 
alveolar  air ;  and  the  pressure  of  carbon  dioxide  is  higher  than  that  of 
the  alveolar  carbon  dioxide.  A  few  observations  exist,  however,  which 
appear  to  indicate  that  in  time  of  stress  the  lung  epithelium  may 
actively  intervene  in  the  process  and  actually  secrete  oxygen  inward, 
so  that  the  pressure  in  the  arteries  may  be  higher  than  that  in  alveolar 
air.  The  observations,  however,  upon  which  this  conclusion  of  thi; 
activity  of  the  lung  or  capillary  endothelium  depends  are  still  open  to 
other  interpretations.  They  do  not  conclusively  show  that  the  oxygen  is 
thus  secreted.  It  is  also  unlikely  that  such  very  thin  plates  as  the 
alveolar  epithelium  should  have  a  secretory  function,  although  the 
capillary  endothelium  might.  It  is  better  at  present,  therefore,  to 
conclude  that  certainly  diffusion  is  the  principal  factor  concerned  in 
the  entrance  of  oxygen  into  the  blood,  but  that  possibly  at  times  an  active 
secretory  process  may  also  assist.  Further  work  on  this  matter  must  be 
done  before  a  definite  conclusion  can  be  drawn. 

Hemoglobin  unites  not  only  with  oxygen,  but  with  many,  other  sub- 
stances, such  as  coal  gas,  or  CO.  The  latter  union  is  firmer  than  the 
oxygen  union  with  hemoglobin,  and  a  part  of  the  toxicity,  probably  the 
chief,  and  by  some  thought  to  be  the  total,  action  of  the  gas  is  to 
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asphyxiate  through  its  power  of  union  with  hemoglobin,  so  that  the 
blood  can  no  longer  carry  oxygen  to  the  tissues. 

Laking  of  the  blood. — Blood  may  be  laked,  that  is  hemoglobin  may 
be  caused  to  pass  out  of  the  corpuscles  into  the  plasma,  by  various  agents. 
Many  toxins  lake  the  blood,  particularly  some  of  those  of  snakes  and 
bacteria.  Corpuscles  are  laked  also  by  small  amounts  of  alkali,  by  the 
addition  of  water  to  the  blood,  by  the  action  of  anesthetics,  such  as  ether 
or  chloroform,  by  bile  salts  and  soaps.  Blood  may  be  laked  also,  by  freez- 
ing and  then  thawing  it.  The  explanation  of  this  laking  or  hemolysis 
is  still  a  matter  of  dispute.  Some,  perhaps  the  majority  of  observers, 
consider  that  hemoglobin  is  held  in  the  corpuscles  by  the  wall  of  the 
latter.  This  is  not  permeable  to  hemoglobin.  The  corpuscles  are  con- 
sidered to  be  bags,  or  little  cells,  containing  a  concentrated  solution  of 
hemoglobin.  When  the  membrant  of  the  corpuscle  changes  its  state  it 
may  happen  that  it  becomes  more  permeable  to  the  hemoglobin,  which 
now  diffuses  out  of  the  corpuscle.  All  these  various  laking  agencies  arc 
said  to  act  by  affecting  the  permeability  of  the  corpuscular  membrane. 

There  are  many  reasons  for  doubting  whether  this  explanation  is 
correct.  Hemoglobin  may  be  held  in  the  corpuscle  by  union  with  the 
stroma.  It  is  true  for  all  other  cells,  and  probably  it  is  true  for  the 
corpuscles,  that  they  are  not  bags  filled  with  fluid,  but  they  are  or- 
ganized jellies.  The  corpuscles  behave  in  many  ways  as  if  they  were 
such  jellies  also.  Hemoglobin  does  not  escape,  as  one  would  expect  it 
would  if  it  were  in  solution,  when  the  corpuscle  is  punctured  or  cut 
across,  but  it  stays  in  the  divided  corpuscle.  Moreover,  when  hemo- 
globin is  set  free  in  the  corpuscle  by  some  of  these  methods,  particularly 
in  the  very  large  cells  of  Necturus,  a  tailed  amphibian,  the  hemoglobin 
may  crystallize  in  the  corpuscle  itself,  which  shows  that  it  must  be  pre- 
vented in  some  way  from  crystallizing  in  the  normal  cell.  Moreover, 
the  concentration  of  hemoglobin  in  the  mammalian  corpuscle  is  greater 
than  the  solubility  of  oxyhemoglobin  in  an  equal  bulk  of  water.  For 
these  and  other  reasons  some  observers  are  of  the  opinion  that  hemo- 
globin is  held  in  some  kind  of  a  loose  chemical  or  physical  union,  pre- 
sumably the  former,  with  the  stroma  of  the  corpuscle  and  that  the 
various  hemolytic  agents  break  this  union.  It  is  not  at  all  impossible 
that  the  union  is  with  certain  reserve  valences  of  the  hemoglobin  and  the 
stroma  and  such  unions  are  very  unstable  and  easily  broken.  Stroma 
freed  from  its  hemoglobin  behaves  as  a  poison,  causing  intravascular 
coagulation.  The  hemoglobin-stroma  compound  as  it  exists  in  the  cor- 
puscle is  inert  in  this  respect.  Carbon  dioxide  protects  the  corpuscles 
from  the  hemolytic  action  of  various  hemolytic  sera  (Sawtschenko). 

Whatever  may  be  the  explanation  of  hemolysis  the  process  itself  is 
of  very  great  interest  from  a  physiological  point  of  view.    It  may  be 
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taken  as  a  type  of  the  processes  which  are  occurring  in  all  protoplasm. 
It  is  particularly  instructive  if  the  view  be  adopted  that  Hb  and  stroma 
are  in  union,  for  it  indicates  that  similar  loose  unions  may  occur  in 
protoplasm  between  other  substances,  for  example  between  the  fats  and 
the  proteins,  or  between  lipins  and  proteins,  and  that  the  instability  of 
protoplasm  and  its  power  of  responding  to  stimuli  of  all  kinds  may 
depend  in  part  upon  this  fact.  '  It  is  well  known  that  the  presence  of  a 
certain  amount  of  salt  is  necessary  for  the  preservation  of  many  cells 
and  that  if  the  salt  is  reduced  in  quantity  the  activity  of  the  cell  is 
profoundly  affected.  We  see  from  the  foregoing  that  the  composition  of 
the  corpuscle,  the  hypothetical  union  of  hemoglobin  and  stroma,  de- 
pends on  the  presence  of  a  certain  amount  of  salt  in  the  plasma,  since 
diluting  the  plasma  increases  the  tendency  to  hemolysis. 

Composition  of  the  red  corpuscles. — The  red  corpuscles  consist  of 
hemoglobin  and  stroma.  The  latter  contains  a  considerable  proportion 
of  phospholipin  and  cholesterol.  1,000  parts  of  erythrocytes  contain, 
according  to  Abderhalden,  the  following  amounts  of  lipins : 


Bull 

Horse  1 

Horse  2 

Eabbit 

Pig 

Dogl 

Dog  2 

Sheep  1 

Sheep  2 

Ox 

1.824 
8.8B0 
4.674 

1.563 

0.388 
3.973 
4.361 

10.340 

0.661 
4.855 
5.536 

7.345 

0.730 
4.627 
5.347 

6.486 

0.489 
3.456 
3.945 

7.067 

8.155 
2.568 
4.733 

1.192 

1.355 
2.296 
3.4.51 

1.839 

2.360 
3.379 
5  745 

1.428 

3.593 
4,163 
7.756 

1.159 

Phospholipin 

Total  lipin 

8.748 
7  187 

Phospholipin 

•4-  Cholesterol.  . . . 

1.109 

The   total   lipins  make,   therefore,  from  0.34-0.77   per   cent,   of  the   weight  of  the 

corpuscles. 

1.  Hemoglohim,.  Chemistry. — a.  Occurrence.  Hemoglobin  is  a 
pigment  which  is  widespread  in  the  animal  kingdom  and  which  is  allied 
to  chlorophyll  of  plants  and  to  the  pigments  phycocyan  and  phycoery- 
thryn  found  in  algae.  It,  or  an  allied  pigment,  occurs  in  many  of  the  fixed 
tissues  of  animals,  as  well  as  in  the  blood,  as,  for  example,  in  the  striated 
muscle  of  most  vertebrates,  in  heart  muscle,  in  the  pharyngeal  muscles  of 
many  moUusks,  such  as  Paludina,  and  in  the  pharyngeal  muscle  and 
ganglia  of  the  polychete  annelid.  Aphrodite.  Similar  pigments,  having 
the  same  power  of  combining  with  oxygen  and  giving  the  spectra  of 
hematin  and  hemocHromogen,  have  been  found  by  MacMunn  in  the 
cells  of  sponges  and  echinoderms  and  he  has  called  these  pigments  histo- 
hematins'.  While  not  identical  with  hemoglobin,  they  closely  resemble  it. 
The  function  of  this  pigment  is  apparently  to  serve  as  a  storehouse  of 
oxygen,  and  MacMunn  has  suggested  that  this  was  the  original  function 
of  the  pigment  and  that  it  was  later  developed  into  a  means  of  trans- 
porting oxygen  from  the  exterior  to  the  tissues.  Besides  being  in  the 
tissues,  hemoglobin  is  found  in  the  blood  or  body  fluids  of  a  great  variety 
of  invertebrates  and  in  all  vertebrates  with  one  or  two  exceptions.  It 
occurs  in  these  fluids  either  in  solution,  or  confined  to  certain  small 
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bodies  called  erythrocytes,  literally  meaning  "  small  red  bodies."  In 
all  the  vertebrates  and  in  certain  lamellibranch  moUusks,  i.e.,  Area 
tetragona,  Pectenieulus,  etc.;  in  the  polychete,  Terebella;  in  various 
holothurians,  i.e.,  Cucumaria  Planci,  etc. ;  in  the  worm,  Thalassema 
erythrogrammon ;  in  the  polychete,  Capitella,  it  is  found  in  erythrocytes. 
It  occurs  in  solution  in  the  blood  or  body  fluids  of  various  Chastopods, 
Crustacea,  insects,  leeches,  and  even  in  the  echinoderm,  Ophiactis  virens. 
It  is  clear  from  this  list  that  the  power  of  forming  hemoglobin  must  be 
very  widespread  in  nature.  Since  the 'essential  part  of  the  molecule  con- 
sists of  various  pyrrol  nuclei,  the  power  of  making  such  pyrt-ol  nuclei 
and  uniting  them  to  form  hematin  or  chlorophyll  must  be  a  very  general 
possession  of  protoplasm.  Hemoglobin,  or  similar  iron-containing  pig- 
ments, are  not  the  only  oxygen-carrying  proteins  found  in  blood.  In 
the  blood  of  Limulus,  and  various  Crustacea  and  moUusks,  there  is  found 
a  copper-containing  protein  with  a  similar  function,  called  hemocyanin. 
This  is  a  blue  pigment  and  these  animals  are  the  truly  blue-blooded 
animals  of  the  sea.  Hemocyanin  contains  copper  in  place  of  iron.  The 
composition  of  this  pigment  has  not  been  investigated  with  the  thorough- 
ness of  that  of  hemoglobin,  but  it  resembles  hemoglobin  in  its  high  histi- 
dine  content  and  in  some  other  properties.  It  is  not  so  efficient  an 
oxygen-carrier  as  hemoglobin  and  cannot  carry  nearly  as  much  oxygen 
per  gram  of  pigment  as  hemoglobin. 

The  development  of  hemoglobin  in  the  blood  has  gone  on  pari  passu 
with  the  development  of  the  central  nervous  system.  This  system  has 
a  very  great  need  of  oxygen.  It  is  more  dependent  on  oxygen  than  any 
other  tissue  of  the  body,  and  its  consumption  of  oxygen  per  gram  of  tissue 
appears  to  be  larger.  In  the  course  of  evolution  the  nervous  system  under- 
went a  progressive  development,  presumably  because  animals  have  been 
selected  chiefly  for  brain  power.  Hence  as  this  system  developed  there 
developed  the  need  of  carrying  large  amounts  of  oxygen  to  it.  The 
hemoglobin  content  of  the  blood  increases  more  or  less  parallel  with  this 
growth  of  the  nervous  system.  Thus  man,  with  the  largest  nervous 
system,  has  the  largest  amount  of  hemoglobin  in  his  blood.  In  human 
beings  there  is  normally  in  the  blood  14-15  per  cent. ;  in  dogs  there  is 
less ;  horses  and  sheep  have  still  less,  and  in  fishes  and  the  lowest  verte- 
brates the  quantity  is  further  reduced.  The  amount  of  hemoglobin  in 
human  blood  corpuscles  is  larger  than  could  be  held  in  solution  in  them. 
This  large  amount  is  made  possible  by  placing  the  hemoglobin  in  the 
erythrocytes. 

b.  Crystalline  form.  There  is  not  a  single  hemoglobin,  but  a  whole 
series  of  hemoglobins,  each  animal  probably  having  a  kind  differing 
from  that  of  every  other  species.  They  all  resemble  each  other  in  their 
main  features,  but  they  differ  slightly  in  their  composition,  and  above 
all,  they  differ  in  their  crystalline  form. 
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Fir„  .1(1.  Various  forms  of  oxyhemoglobin  crystals  of  different  animals,  a.  NectnrnB 
maculatus :  li.  Tnimppfer  swan,  Olor  huceinator :  c.  Guinea  fowl;  d,  Goose;  e,  Tasmanian 
wolf;  f.  Fox  squirrel:  e.  Ground  sqnlrrel    fReicbert  and  Brownl. 


502  PHYSIOLOGICAL   CHEMISTRY 

c.  Method  of  crystallization.  Oxyhemoglobin  crystallizes  with  very 
great  ease.  In  some  animals  in  which  hemoglobin  is  relatively  little 
soluble,  it  is  only  necessary  to  lake  the  blood  under  the  microscope  to 
produce  crystals.  The  crystals  may  even  form  in  the  corpuscles  them- 
selves, as  in  Necturus.  Horse  blood,  guinea  pig  blood  and  squirrel  blood 
crystallize  most  readily ;  ox  blood  with  more  difficulty.  But  all  hemo- 
globins may  be  crystallized  by  the  use  of  special  methods.  To  obtain 
large  amounts  of  crystals  in  dog's  blood  it  is  only  necessary  to  lake  the 
blood  corpuscles  by  shaking  them  with  toluene  and  placing  in  the  ice-box. 
The  following  methods  are,  however,  better. 

Hoppe-Seyler's  method.  The  defibrinated  dog  or  horse  blood  is  di- 
luted with  10  volumes  of  3  per  cent,  salt  solution,  and  the  corpuscles 
allowed  to  settle.  The  supernatant  liquid  is  poured  off,  the  corpuscles 
washed  twice  with  cold  salt  solution  and  allowed  to  settle  in  a  cool  place. 
The  salt  solution  is  then  poured  off  and  the  mass  of  corpuscles  is  mixed 
with  its  own  volume  of  ether.  This  lakes  the  corpuscles.  After  laking 
the  ether  is  separated  by  rapid  filtration,  the  filtrate  cooled  to  0°  and 
diluted  with  a  ^Ath  volume  of  absolute  alcohol  also  cooled  to  0°.  It  is 
kept  at  — 5°  or  — 10°  until  crystallized.  The  crystals  separated  by  centri- 
fuge or  filtration  are  washed  with  cold,  25  per  cent,  alcohol,  dried  by 
pressure  and  recrystallized  by  dissolving  them  in  water  heated  to  54°, 
cooling  and  adding  %th  volume  of  alcohol  as  before.  Hiifner  has  short- 
ened the  method  by  using  the  centrifuge  and  laking  pig's  blood  by  the 
addition  of  distilled  water. 

Eeichert  and  Brown  have  made  a  very  careful  study  of  the 
crystalline  form  of  the  hemoglobins  from  a  great  number  of  animals. 
Some  of  their  figures  are  reproduced  in  Figure  50.  They  found 
that  each  species  of  animal  had  its  peculiar  kind  of  hemoglobin. 
The  crystals  of  related  animals  were  generally  similar  so  that  it  was 
possible,  the  authors  thought,  to  use  the  crystalline  form  of  oxyhemo- 
globin as  a  means  of  aiding  in  the  classification  of  animals  and  in  dis- 
covering relationships.  It  often  happens  that  one  kind  of  animal  may 
have  more  than  one  crystalline  form  of  its  hemoglobin.  In  such  case 
it  is  possible  that  the  crystals  may  differ  in  the  amount  of  water  of 
crystallization  that  they  contain.  This  amount  is  sometimes  as  much  as 
11  per  cent. ;  but  it  may  be  half  this  quantity.  The  crystals  of  oxyhemo- 
globin do  not  keep  well,  but  even  in  a  vacuum  or  when  dry  they  are 
slowly  converted  in  part  to  methemoglobin,  become  less  soluble  and  have 
a  brownish  color.  Nearly  all  the  crystals  belong  to  the  rhombic  system. 
The  crystals  when  examined  in  polarized  light  are  pleochroic.  That  is 
some  of  the  crystals  appear  a  brilliant  scarlet;  others  have  an  orange 
color.  This  is  due  to  the  fact  that  in  some  of  the  crystals  the  light  is 
coming  through  one  axis  of  the  crystal,  whereas  other  crystals  are  so 
placed  that  light  passes  through  th^e  crystal  in  another  direction  and 
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the  refraction  and  dispersion  of  the  light  is  a  little  different. in  the  vari- 
ous axes.  The  crystals  placed  between  an  analyzer,  Nieol  prism,  and  a 
polarizer,  with  the  interposition  of  a  gypsum  plate,  show  various  colors 
when  the  Nicol  is  rotated.  The  crystals  show  the  same  absorption 
spectrum  as  that  of  the  solution,  except  that  the  distance  between  the 
two  absorption  bands  is  a  little  greater  when  the  light  comes  through 
one  axis  of  the  crystal  than  when  it  passes  through  another  axis.  Re- 
duced hemoglobin  crystallizes  with  greater  difficulty  than  oxyhemoglobin. 

d.  Properties  of  oxyhemogloiin.  The  solubility  is  increased  by  the 
addition  of  very  small  amounts  of  alkali.  It  is  not  precipitated  by 
NaCl  or  MgSOi  added  to  saturation;  it  is  precipitated  by  (NHi)2S04 
beginning  to  precipitate  when  about  two-thirds  saturated  and  continuing 
until  saturation  is  reached.  It  resembles  in  this  property  the  albumins. 
It  is  soluble  in  distilled  water,  but  not  soluble  in  alcohol  Or  ether. 
Alcohol  renders  it  insoluble  and  makes  raethemoglobin.  It  is  a  weak 
acid,  goes  to  the  anode  on  passing  an  electric  current  through  the  solu- 
tion, and  the  isoelectric  point,  that  is  the  point  of  minimum  dissociation, 
is  at  a  concentration  of  H  ions  of  1.8X10~^.  Acids,  even  when  dilute, 
and  alkalies  decompose  it  into  hematin  and  globin.  It  is  not  precipitated 
from  solution  when  neutral  by  CuSO^,  FeS04,  AgNOj,  HgClj,  or  by 
lead  acetate.  Methemoglobin  is  precipitated  by  lead  acetate.  Oxyhemo- 
globin is  precipitated  by  CHCI3  at  55°  and  the  precipitate  is  insoluble 
in  water.  When  heated  oxyhemoglobin  coagulates  at  64°  and  decomposes, 
setting  free  hematin.  An  alkaline  solution  heated  does  not  coagulate 
but  begins  to  decompose  at  54°.  Oxyhemoglobin  is  dextro-rotatory, 
(  «  )c  =  4- 10.4  (Gamgee).  The  globin  component  is  levo-rotatory 
(a)^  ^= — 54.2°  Reduced  hemoglobin  is  extremely  resistant  to  putre- 
faction, remaining  unchanged  in  putrefying  mixture  for  long  periods. 

Oxyhemoglobin  may  be  freed  from  all  other  proteins  of  the  plasma, 
stroma,  etc.,  by  precipitating  the  latter  with  alumina  cream  [freshly 
pptd.  A1(0H3)].    Oxyhemoglobin  is  not  precipitated  by  this  reagent. 

e.  Absorption  spectrum,.  The  spectrum  depends  on  the  concentra- 
tion. Strong  solutions  absorb  from  the  violet  end  clear  to  the  red; 
weaker  solutions  show  two  absorption  bands  between  D  and  E.  The 
centers  of  these  bands  are  for  a  at  576  ;"/^  ,•  P  at  537  i^fJ- ;  there  is  also 
an  absorption  band  in  the  ultra-violet,  Yy  at  414  fi/i.  The  relation  of 
the  width  of  the  absorption  band  to  the  concentration  is  shown  in 
Figure  51,  from  Rollet,  in  which  the  spectrum  is  plotted  on  the  abscissa 
and  the  concentration  on  the  ordinate.  The  depth  of  solution  looked 
through  is  in  each  case  I  cm.  Reduced  Hb  has  a  single  absorption 
band  between  D  and  E. 

It  is  the  absorption  of  green  and  blue  light  which  makes  hemoglobin 
look  red.    It  is  possible  that  this  absorption  of  blue  light  is  of  service  to 
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the  organism  in  that  it  helps  to  protect  the  tissues  from  the  more  active 
blue  light. 

f.  Quantitative  determination  of  the  amount  of  hemoglobin  and  oxy- 
kemoglohin.  Various  clinical  methods  for  the  determination  of  the 
amount  of  hemoglobin  in  the  blood  are  given  in  the  practical  part  (page 
993),  and  need  not  be  repeated  here.  For  the  accurate  determination 
of  the  amount  of  oxyhemoglobin  present,  even  in  the  presence  of  other 
pigments  which  do  not  have  the  same  absorption  spectrum,  the  best 
method  is  probably  that  of  the  spectrophotometer.  This,  as  its  name 
implies,  is  a  spectroscope  so  arranged  as  to  measure  the  intensity  of  the 
absorption  of  any  light  ray  desired,  but  a  description  may  be  omitted  in 
a  work  of  this  character.  The  intensity  of  the  absorption  of  the  light  is  a 
simple  function  of  the  concentration  of  the  hemoglobin.  The  product  of 
the  concentration  by  the  depth  of  solution  through  which  the  light  has 
to  pass  in  order  to  produce  the  absorption  of  a  given  proportion  of  the 
incident  light,  say  nine-tenths  is  a  constant.  If  c  is  the  concentration 
of  the  hemoglobin,  s  the  reciprocal  of  the  depth  expressed  in  centi- 
meters necessary  for  the  absorption  of  nine-tenths  of  the  light,  f  is 
called  the  coefficient  of  extinction,  then  c/«  =  a  constant  A.  A  being 
once  determnied  if  c  or  e  is  known  the  other  may  be  found.  It  may  also 
be  determined  accurately  by  the  refractometer.     (Howard.) 

g.  Composition.  Although  the  hemoglobins  diifer  among  themselves 
they  are  all  alike  in  their  general  composition.  They  are  all  conjugated 
proteins,  that  is  they  break  easily  into  a  simple  protein,  called  globin, 
and  an  iron  containing  radicle,  which  is  hematin  if  oxyhemoglobin  in 
broken  up,  or  hemochromogen,  if  hemoglobin  is  broken  up.  Hemo- 
chromogen  is  reduced  hematin.  This  decomposition  is  easily  brought 
to  pass  either  by  the  action  of  dilute  acids  or  alkalies,  or  by  boiling 
hemoglobin  or  by  the  action  of  digestive  juices.  The  following  table 
shows  some  of  the  results  of  the  elementary  analysis  of  hemoglobin  by 
various  observers: 
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Abrlerhalden   and 
Medigreceanu. 
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It  will  be  noticed  in  the  foregoing  table. that  in  dog's  hemoglobin 
there  are  three  sulphur  atoms  to  one  iron  atom;  while  in  horse 
hemoglobin  there  are  two  sulphurs  to  one  iron.  The  sulphur  ot 
oxyhemoglobin,  or  of  globin,  is  not  split  off  by  the  action  of  alkali. 
Jaquet  states  that  neither  hen,  horse  nor  dog  hemoglobin  contains 
sulphur  in  a  form  which  can  be  split  off  by  the  action  of  alkali  and 
lead  acetate.  If  an  alkaline  oxyhemoglobin  solution  is  cooked  after  the 
addition  of  a  few  drops  of  MgClj  solution  the  hematin  split  off  is 
precipitated  with  the  Mg  (OH) 2,  leaving  an  almost  colorless  solution. 
This  alkaline  solution  of  globin  contains  no  sulphur  precipitable  by 
lead  acetate  as  sulphide.  The  small  amount  of  phosphorus  in  the 
hemoglobin  of  bird's  blood  is  due  to  an  impurity  of  nucleic  acid,  and  is 
not  part  of  the  hemoglobin  molecule. 

h.  Composition  of  globin.  If  the  formula  of  hematin,  namely,  C34H34 
N^O^Pe,  be  subtracted  from  the  formula  of  hemoglobin,  CyssHisosNissS., 
PeOjis,  there  is  left  G^i^u^^'^i^S 3^213,  as  the  formula  of  globin.  It 
might  be  that  there  were  three  molecules,  each  with  one  atom  of  sulphur. 


Via.  51. — Absorption  spectra  of  hemoglobin  (A)  and  oxyhemoglobin  {B).  The 
abscissa  shows  the  Frauenhofer  lises  of  the  spectrum ;  the  ordinate  represents  the  concen- 
tration when  the  depth  is  1  cm.  (Rollet). 

attached  to  the  hematin  molecule  in  place  of  one  very  large  molecule 
like  the  above.  Globin  is  a  histone-like  body  containing  rather  more 
nitrogen  than  most  proteins,  about  17  per  cent.,  and  somewhat  more 
carbon.  It  is  like  histone  in  the  fact  that  it  is  not  dissolved  by  ammonia 
in  the  presence  of  ammonium  chloride,  and  in  the  particular  that  it 
yields  a  very  large  amount  of  the  basic  amino-acids,  namely,  about  11 
per  cent,  of  histidine,  5.4  per  cent,  of  arginine  and  4.3  per  cent,  of  lysine- 
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For  the  preparation  of  histidine,  blood  corpuscles  are  most  commonly 
used.  Globin  is  insoluble  in  water,  but  readily  soluble  in  alkalies  and 
acids ;  it  is  coagulated  by  heat,  but  the  coagulum  is  readily  dissolved  by 
acids  (Schulz).  It  is  interesting  that  the  analogous  blood  pigment, 
hemocyanin,  also  yields  a  large  amount  of  histidine  on  hydrolysis.  The 
other  amino-acids  are  those  ordinarily  found  in  proteins,  as  may  be 
seen  in  the  table  on  page  129,  the  percentage  of  leucine,  namely  29  per 
cent.,  being  rather  larger  than  usual.  It  is  rather  interesting  that,  al- 
though globin  is  so  strongly  basic  itself,  yet  it  forms,  when  united  with 
hematin,  an  electro-negative  colloid.  This  is  due  to  the  fact  that 
hematin  is  an  acid.  Concerning  the  nature  of  the  union  between 
hematin  and  globin  nothing  is  known,  but  the  great  ease  with  which 
the  bond  is  split  both  by  acids,  alkalies  and  by  boiling  water  suggests 
that  the  union  is  simply  that  of  a  base  and  acid.  It  resembles,  in  this 
respect,  such  nucleo-proteins  as  protamine  nucleate,  which  is  also  a  salt 
union,  and  which  forms  an  electro-negative  colloid.  Hemoglobin,  being 
an  acid,  is  usually  combined  with  some  base  and  sodium  or  potassium  is 
ordinarily  found  in  it.  It  is  more  soluble  in  very  dilute  alkali  than 
in  watei'  for  this  reason.  The  acidity  of  methemoglobin  is  particularly 
strong. 

i.  Hematin  and  hemin.  Hematin,  the  colored  constituent  of  oxj'- 
hemoglobin,  is  a  brown,  amorphous  substance  the  constitution  of  which  is 
not  yet  accurately  known.  It  is  an  acid  which  is  insoluble  in  water, 
but  is  soluble  in  alkalies  and  in  acid  alcohol.  It  is  formed  when  oxy- 
hemoglobin is  heated,  or  treated  with  acid,  alkalies  or  various  digestive 
enzymes,  and  it  gives  the  brown  appearance  to  cooked  meat.  The  prob- 
able formula  of  hematin  is  C34H34N4Fe03.  Hematin  has  not  been  ob- , 
tained  crystalline,  but  when  it  is  treated  with  hydrochloric  acid  it  is 
converted  into  hemin,  which  forms  small  brown  crystals.  Hemin  is 
hematin  chloride  and  has  the  formula,  when  obtained  by  the  action  of 
alcohol,  sulphuric  acid  and  sodium  chloride  by  the  method  of  Morner, 
of  CgsH^-N^PeO^Cl.  This  hemin  probably  contains  a  molecule  of  hydro- 
chloric acid  and  one  molecule  of  alcohol.  If  this  is  subtracted  this  would 
make  CsaHjjNiFeO,,  if  two  molecules  of  water  had  been  eliminated  in 
the  process.  Kiister  has  proposed  the  formula  C,4H.,3N,04FeCl  for 
hemin,  which  by  treatment  with  KOH  would  give  for  hematin  the 
formula,  C34Hs4N40sFe.  This  formula  was  that  suggested  by  Hoppe- 
Seyler  and  is  the  most  probable  one.  Hematin,  when  reduced,  forms 
hemochromogen.  Heated  with  strong  acid  it  loses  iron  and  is  converted 
into  hematoporph,yrin,  a  possible  graphic  formula  of  which  has  been 
given  on  page  415. 

C    H    N  0  Fe-|-2HCI-f  H  0  =  FeCl  +0    H    NO 
Hematin.  Hematoporphyrin. 
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j.  Hematoporphyrin.  Cs^HaaN^Oe:  The  Willstetter  formula  is 
CjaHggN^Oe.  This,  the  iron-free  derivative  of  hemoehromogen  or  hematin, 
is  isomeric  with  bilirubin.  It  can  be  made  by  the  method  of  Nencki  and 
Zaleski,  which  consists  in  adding  hemin,  little  by  little,  to  75  c.c.  of  acid 
and  glacial  acetic  acid,  which  has  been  saturated  with  HBr  at  10°,  and 
stirring  constantly.  One  adds  5  grams  of  hemin  to  75  c.c.  of  acid  and 
allows  the  mixture  to  stand  at  ordinary  temperature  for  3  to  4  days. 
The  hemin  having  dissolved,  the  solution  is  diluted  with  water  (1-2 
liters)  and  filtered  after  some  hours.  The  hematoporphyrin  is  then 
precipitated  by  the  addition  of  just  sufficient  sodium  hydrate  to  neu- 
tralize the  hydrobromic  acid.  The  precipitate  is  filtered,  redissolved  on 
the  water  bath  by  the  addition  of  sufficient  sodium  carbonate  and 
reprecipitated  by  addition  of  acetic  acid.  The  precipitate  is  filtered, 
washed,  sufficient  water  is  added  to  maJse  a  thick  suspension  and  HCl 
is  added  in  small  amounts  until  the  hematoporphyrin  has  redissolved, 
the  solution  filtered  and  HCl  added  in  excess,  any  resinous  precipitate 
being  filtered  off.  The  filtered  liquid  is  concentrated  in  vacuo  until  it 
crystallizes.  The  crystals  are  filtered,  washed  with  10  per  cent.  HCl  and 
once  reerystallized.  These  crystals  are  hematoporphyrin  chloride.  The 
free  hematoporphyrin  may  be  obtained  by  dissolving  in  water  and 
neutralizing  the  acid  with  sodium  acetate.  It  is  a  brown  powder.  The 
probable  formula  of  this  reaction  is  the  following : 

C   H,  N  O  FeCI  +  2HBr  +  2H  0  =:  C„  H,  N  0„  +  FeBr   -f  HCl. 

34     33      4     4  '  '  2  84      38      4     6     '  2  ^ 

Hemin.  Hematoporphyrin. 

Properties.  HematoporphjTin  is  a  dark,  violet-colored  powder, 
having  a  green  tint  in  transmitted  light.  It  was  discovered  and  given 
the  name  cruentine  by  Thudichum.  It  is  insoluble  in  water  and  very 
slightly  soluble  in  CHCI3,  amyl  alcohol  or  ether;  it  is  soluble  in  ethyl 
alcohol,  and  in  water  containing  sodium  hydrate  or  other  alkali  or  dilute, 
strong  acid.  It  is  probably  an  amphorteric  electrolyte.  It  is  not  very 
soluble  in  weak  organic  acids.  The  alcoholic  solution,  when  neutral,  is 
red,  which  becomes  red-orange  on  the  addition  of  a  little  acid,  the  color 
changing  to  a  purple  or  violet  by  the  addition  of  more  acid.  The  solu- 
tions are  very  fluorescent  and  in  the  light  have  a  strong  physiological 
action.  (See  p3,ge  422.)  Alkaline  aqueous 'solutions  are  also  red  and 
have  a  different  spectrum  from  acid  solutions.  (See  the  practical  part, 
page  1003.)  Hematoporphyrin  is  an  acid  and  forms  definite  salts,  of 
which  the  sodium  salt  has  been  crystallized.  The  alcoholic  and  alkaline 
solutions  have  four  absorption  bands:  in  the  red  between  C  and  D 
621-610  A*/*  ),  two  between  D  and  E  (the  first  at  D,  590-572  mm,  the 
second  near  E,  555-528  lUju),  and  the  fourth  from  b  to  P  (514-498  mm)- 
For  the  spectrum,  see  page  493.     The  position  of  the  bands  depends 
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somewhat  on  the  concentration  of  the  alkali,  and  their  width  on  the 
concentration  of  hematoporphyrin.  According  to  Schulz  the  third  band 
can  be  resolved  into  three  constituents.  The  spectrum  of  acid  hematopor- 
phyrin is  different.  There  are  two  bands  on  each  side  of  D :  the  first  from 
597-587  n/^,  the  second  at  541  i^fx.  In  both  acid  and  alkaline  solutions 
there  is  an  absorption  band  in  the  ultra-violet  beween  h  and  H  (Gam- 
gee).  The  acid  salt  dissolved  in  alcohol  has  the  five-banded  spectrum  of 
alkaline  hematoporphyrin,  but  by  the  addition  of  more  HCl,  the  spectrum 
changes  to  the  acid  hematoporphyrin  spectrum.-  Hematoporphyrin 
strongly  resembles  phj-lloporphyrin  obtained  from  chlorophyll,  but  it 
contains  two  atoms  of  oxygen  more  than  the  latter.  Heated  with  zinc 
and  distilled  both  yield  pyrrols.  It  unites  with  metals  in  excess  of 
alkali  or  in  acetic  acid.  The  synthetic  ii'on  compound  is  almost  iden- 
tical with  hematin  but  the  absorption  bands  are  slightly  different. 
(J.  A.  Milroy.) 

Composition.  When  decomposed  with  hydriodic  acid  in  glacial  acetic, 
acid,  hematoporphyrin  yields  various  hemopyrrols  and  hematic  acids. 
The  composition  of  some  of  these  bodies  has  already  been  indicated  on 
page  416.  It  is  the  general  opinion  that  the  molecule  of  hematoporphyrin 
contains  four  substituted  pyrrol  nuclei,  but  the  exact  manner  in  which 
these  are  arranged  is  still  uncertain.  There  is  still  some  uncertainty 
about  the  molecular  size,  but  the  probability  is  that  the  molecule  con- 
tains only  four  pyrrol  nuclei.  It  is  both  an  acid  and  a  base,  forming 
true  salts  with  acids  and  bases.  It  is  closely  related  to  bilirubin  in 
structure  and  it  is  the  mother  substance  of  the  bile  pigments,  MacMunn 
and  Thudichum  showed  that  hematoporphyrin  is  one  of  the  pigments 
found  in  the  shell  of  birds'  eggs  and  that  it  is  the  pigment  of  Uraster 
rubens;  of  various  moUusks,  such  as  Limax  and  Arion;  and  of  Lum- 
bricus  and  Actinia.  As  a  copper  compound  it  is  found  as  a  pigment  in 
the  feathers  (Laidlaw)  of  birds  of  the  genus  Mucophaga.  It  occurs  in 
small  amounts  in  the  urine  and  in  larger  quantities  after  sulphonal 
ingestion  and  in  some  pathological  conditions. 

k.  Reduced  hematin.  (Also  called  hemochromogen.)  It  is  formed 
by  the  action  of  acids  or  alkalis  on  hemoglobin,  or  it  may  be  formed  by 
the  reduction  of  hematin.  It  oxidizes  spontaneously  in  the  air  and  forms 
hematin.  It  loses  its  iron  more  easily  than  hematin  and  forms  hema- 
toporphyrin. Like  hemoglobin,  one  molecule  unites  with  one  molecule 
of  CQ  and  probably  one  of  HCN.  The  union  of  reduced  hematin  with 
oxygen  is  apparently  more  stable  than  that  with  carbon  monoxide,  since 
oxygen  will  readily  turn  the  latter  out  of  its  union  with  hemochromogen, 
but  not  with  hemoglobin.  This  shows  that  the  firmness  of  the  union  be- 
tween the  gas  and  the  chromogenic  radicle  is  affected  by  the  presence  of 
the  globin  radicle.     There  is  still  some  question  as  to  the  amount  of 
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oxygen  combined  with  reduced  hematin  to  make  hematin.  It  was 
observed  by  Ham  and  Balean  that  when  hematin  is  formed  from  oxy- 
hemoglobin by  the  action  of  strong  acid  some  oxygen  is  set  free,  and 
the  amount  was  about  equal  to  one-half  that  which  was  set  free  from 
oxyhemoglobin  by  the  action  of  ferricyanide  of  potassium.  Oxygen, 
moreover,  cannot  be  pumed  out  of  the  hematin  solution  to  form  reduced 
hematin.  In  this  particular  the  state  of  the  oxygen  in  hematin  would 
appear  to  be  more  nearly  that  in  methemoglobin.  If  carbin  monoxide 
hemoglobin  is  acted  upon  by  acid  a  carbonyl-hemochromogen  is  ob- 
tained. The  union  is  one  molecule  of  CO  to  one  molecule  of  hematin. 
The  carbon  monoxide  can  be  displaced  by  a  current  of  hydrogen.  Nitric 
oxide  also  forms  a  molecular  and  firm,  red-colored  compound  with  re- 
duced hematin.    (Linossier.) 

Eeduced  hematin  may  be  easily  prepared  from  blood  or  hemoglobin  by 
adding  to  solutions  of  the  latter  some  solution  of  hydrazine  hydrate,  5  per 
cent.,  in  10  per  cent,  sodium  hydrate.  The  spectrum  of  hemochromogen 
appears.  On  shaking  with  air  that  of  hematin  temporarily  appears, 
but  is  quickly  reduced.  The  alkaline  solution  of  reduced  hematin 
is  cherry  red.  It  has  absorption  bands  in  the  green  between  D  and 
E  nearer  D  (567-547  p-jj-  mean  at  559  iajx)  and  one  less  well-defined 
from  E  to  b  (532-518  yuyu  ;  mean  at  525  /</t).  In  the  ultra-violet  there 
is  one  between  h  and  g  at  420  p-i^  (Gamgee).  In  air  solutions  oxidize 
readily  and  take  the  brown  color  of  hematin.  It  differs  from  hematin 
particularly  in  its  sensitivity  to  acids.  Even  dilute  acids  transform  it 
into  hematoporphyrin,  whereas  hematin  is  decidedly  resistant  to  acids. 

3.  The  blood  as  the  carrier  of  waste  substances. — This  is  the  third 
great  function  of  the  blood.  All  kinds  of  waste  materials  are  found  in 
the  blood  in  solution  in  the  plasma.  The  blood  carries  them  from  the 
tissues  to  the  kidneys  and  other  excretory  organs.  Some  of  these  sub- 
stances contribute  to  the  composition  of  the  medium  in  which  the  cells 
are  accustomed  to  work  and  they  are,  therefore,  important  factors  in 
their  environments.  Thus  while  urea  and  carbon  dioxide  are  waste 
materials  and  generally  regarded  only  as  excretory  substances  some,  and 
possibly  all  of  the  cells  of  the  body,  work  better  when  they  are  present 
in  the  blood  in  the  usual  amounts.  As  they  thus  condition  the  activities 
of  cells  they  may  be  regarded,  also,  as  hormones.  Thus  carbon  dioxide 
helps  to  rouse  and  regulate  the  respiratory  center;  and  the  heart  beats 
with  greater  vigor,  in  some  of  the  lower  vertebrates  at  any  rate,  when 
there  is  a  small  amount  of  urea  present.  The  amount  and  character  of 
various  waste  products  found  in  the  blood  is  shown  in  the  adjoining 
table.  There  are  many  which  are  not  mentioned  in  this  table,  since 
nearly  all  the  numerous  substances  excreted  in  the  urine  have  been  in 
the  blood. 
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Accumulation    of   Niteoobnous    Waste   Products   in   Blood    Under   Various 

Conditions.* 

Mgs.  per  100  Grams  Blood. 


Condition  of  diet  and  health 


Normal,    purine-free,  'high    N    diet. 

Urinary  N  24  grams   

Normal  (?)  Urinary  N  17  grama  ... 
Normal.      Low    N.      Urinary    N    6.2 

grams     

Normal.     Urinary  N  4.5  grams   .... 

Toxemia  3  weeks  after  delivery 

Typlioid  fever.  104°.    Second  week  . . 

TTromia    

Uremia    

Uremia,  convulsions  

Chronic  nephritis 

Pneumonia   (before  crisis)    


Non- 
protein 


34 
37 

32 

24 

26 

38 

288 

284 

200 

200 

72 


Urea 

N 


16 

18 

15 

11 

12 

19 

222 

228 

160 

140 

44 


NH, 

N 


0.1 
0.1 

0.14 
0.11 
0.1 
0.08 

0.R6 
1.0 


Uric 
Acid 


2.5 
3.0 

2.0 
2.0 
4.4 
2.0 
9.5 
6.6 
8.0 

5.0 


Great- 
iiinie 


1.1 
1.2 

1.3 

1.4 

0.9 

1.4 

31.0 

26.0 

10.0 

7.5 

1.5 


Creatin- 
ine and 
cieatioe 


9.5 
8.5 

6.5 

6.9 

6.0 

10.0 

46.0 
27.0 
13.0 
20.0 


*  Folin  and  Denis:  Jour.  Rial.  Chem.,  17,  p.  488,  1914. 

4.  Blood  as  a  distributor  of  internal  secretions.  Its  co-ordinating 
function. — The. blood  plays  a  very  importani  part  in  the  metabolie  co- 
ordination of  the  body.  It  carries  from  one  organ  substances  elaborated 
there  and  which  are  necessary  for  the  growth  and  normal  life  of  tissues 
in  other  parts  of  the  body.  One  of  the  first  of  these  internal  secretions 
(internal  because  secreted  into  the  blood)  to  be  recognized  was  that  of 
the  sexual  glands.  The  metabolic  products  of  these  glands  in  some  way 
or  other  determine  the  development,  or  aid  in  the  control  of,  the  so-called 
secondary  sexual  characters.  Thus  oxen  are  proverbially  less  fierce  than 
bulls,  their  bodies  have  a  different  shape,  their  horns  are  larger.  Many 
other  organs  besides  the  sexual  glands  produce  internal  secretions,  which 
are  necessary  for  the  development  of  other  organs.  Thus  the  develop- 
ment of  the  long,  silky  hair  and  smooth  skin  of  human  beings,  the  de- 
velopment of  the  skull  and  intelligence,  depend  upon  the  thyroid  gland. 
The  metabolic  products  of  this  gland,  whatever  their  nature,  are  sup- 
posed to  find  their  way  into  the  blood  and  to  be  distributed  by  that 
tissue  to  the  tissues  which  need  them.  In  this  way  the  blood  plays  the 
part  of  a  middleman,  or  a  system  of  transportation  in  human  society. 
The  blood,  after  the  nervous  system,  is  the  most  important  co-ordinating 
agency  in  the  body.  These  internal  secretions  are  probably  present  in 
the  blood  in  very  small  quantities.  They  are  probably  in  solution  in  the 
liquid  part  of  the  blood.  Their  nature  will  be  considered  in  the  chap- 
ter which  deals  with  the  glands  which  produce  them.  (Cryptorrhetic 
tissues.    Chapter  XVI.) 

5.    Physico-chemical  factors  of  the  blood  important  in  its  circula- 
tion.   Its  viscosity ;  coagulation.— Under  this  heading  will  be  considered 


THE   BLOOD.     THE    CIRCULATING    TISSUE  511 

the  physical  ehemieal  features  of  the  blood,  which  are  important  in  its 
functioning  as  a  circulating  fluid.  The  most  important  of  these  char- 
acters is  its  viscosity.  The  blood  must  be  a  liquid  in  order  to  penetrate 
freely  all  parts  of  the  body.  In  order  that  the  blood  should  be  driven 
in  a  constant  stream  through  the  capillaries  of  the  tissue  it  must  be 
kept  at  a  high  pressure  in  the  arteries.  The  pressure  of  the  blood  in  the 
arteries  is  maintained  by  the  contraction  of  the  heart,  which  constantly 
pumps  blood  into  the  arterial  system,  and  by  the  peripheral  resistance 
in  the  arterioles  and  capillaries  which  prevents  the  blood  running  too 
rapidly  through  the  capillaries.  This  peripheral  resistance  may  be 
diminished  or  increased  by  widening  or  narrowing  the  path  of  the  blood 
by  dilating  or  contracting  the  arterioles;  but  it  may  also  be  changed 
by  variations  in  its  viscosity. 

Viscosity  of  the  Mood.  By  the  viscosity  of  a  liquid  is  meant  stick- 
iness, or  the  resistance  it  opposes  to  flowing  or  changing  its  shape.  A 
perfect  gas  has  no  viscosity.  The  molecules  are  so  far  apart  that  their 
size  and  mutual  attractions  in  no  way  affect  the  freedom  of  their  move- 
ments. In  liquids  the  size  of  the  molecules  relative  to  the  space  be- 
tween them  is  so  large  that  the  molecules  get  in  each  other's  way  and 
limit  their  freedom  of  movement.  This  resistance  to  freedom  of  move- 
ment due  to  cohesion  and  the  space  occupied  by  the  molecules  is  known 
as  the  viscosity.  In  determining  the  viscosity  of  a  pure  liquid,  or  of  a 
liquid  containing  molecules  in  solution,  molecular  size  and  cohesion  are 
the  determining  factors.  "When  the  liquid  contains  substances  in  sus- 
pension in  it  if  the  amount  of  this  material  is  small  compared  with  the 
total  space  of  the  liquid  there  will  be  little  change  in  the  viscosity 
from  that  of  a  true  solution,  but  when  the  amount  af  added  material 
becomes  large  enough  to  compare  with  the  bulk  of  the  liquid  then  the 
viscosity  is  increased.  Water  containing  colloidal  metals  or  clay  in  sus- 
pension has  its  viscosity  very  little  changed  until  the  amount  of  clay 
is  large.  If,  however,  the  substances  in  suspension  have  a  marked  affinity 
for  water  so  that  they  are  united  chemically  or  physically  with  several 
molecules  of  water,  thus  making  what  Naegeli  called  micellae,  or  what 
we  may  call  hydrophile  or  emulsoid  colloids,  then  the  viscosity  is  more 
or  less  increased. 

In  blood  the  viscosity  is  affected  by  the  corpuscles  which  are  in  sus- 
pension and  by  the  proteins  which  are  in  solution.  Blood  consists  to 
nearly  half  its  volume  of  corpuscles,  so  that  its  viscosity  is  much  greater 
than  that  of  a  salt  solution,  owing  to  this  fact.  And  in  the  second  place 
the  proteins  are  markedly  soluble.  They  are  hydrophyl  colloids.  They 
may  change  their  state  so  as  to  bind  more  or  less  water.  There  is  about 
8  per  cent,  of  protein  and  this  is  sufficient  to  make  the  viscosity  of  the 
plasma  greater  than  that  of  water. 

Measurement  of  viscosity.    The  viscosity  of  a  liquid  is  measured 
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by  an  instrument  called  a  viscosimeter.  There  are  various  forms  of  this 
instrument.  The  method  eonsista  essentially  in  measuring  the  time 
required  for  a  given  bulk  of  a  liquid  to  flow  through  a  small  opening 
or  capillary  tube  under  a  constant  temperature.  One  can  use  so  simple 
a  plan  as  to  determine  the  time  required  for  a  liquid  to  flow  from  a 
pipette  and  compare  the  time  with  that  taken  by  water  under  similar 
conditions,  the  viscosity  of  water  being  taken  as  unity.  If  it  takes  twice 
as  long  for  plasma  to  pass  as  for  water,  the  viscosity  of  the  plasma  is 
said  to  be  2. 

Viscosity  of  the  blood. — The  viscosity  of  mammalian  blood  is  about 
4.4-5.5.  The  viscosity  of  plasma  or  serum  is  much  greater  than  that  of 
water.  At  38°  it  is  1.78-2.09  (Bence.  Burton-Opitz).  The  viscosity 
diminishes  with  a  rise  of  temperature  until  coagulation  is  reached.  This 
high  viscosity  of  the  plasma  and  serum  is  due  to  the  proteins  in  it.  A 
dilute  salt  solution  has  about  the  dame  viscosity  as  that  of  water. 

The  viscosity  of  blood  is  much  greater  than  that  of  serum,  owing  to 
the  corpuscles  in  the  blood  and  is  much  influenced  by  their  tendency 
to  clump.  The  viscosity  is  a  function  of  the  number  of  corpuscles,  as 
may  be  seen  in  the  following  figures  (du  Pre'  Demming  and  Watson) : 

No.  of  blood  Viscosity  of  pernm 

corpuscles  +  corposclea 

0  1.9 

3.2  X  10*  3.3 

6.3  X  10'  4.9 
12.6  X 10'  15.6 

The  figures  are  for  horse's  blood  at  32.2°.  The  corpuscle  numbers  are 
for  cubic  millimeters.  The  high  viscosity  of  the  last  number  is  probably 
due  to  a  partial  blocking  of  the  small  capillary  opening  by  the  clumped 
corpuscles.  The  viscosity  of  the  blood  appears  for  this  reason,  unlike 
that  of  water  or  a  true  solution,  to  increase  with  the  diminution  of  the 
size  of  the  capillary.  A  capillary  of  2  mm.  diameter,  a  wide  capillary, 
gives  the  more  reliable  figures.  It  is  clear,  however,  that  in  the  living 
body  a  narrowing  of  the  capillary  path  will  have  the  effect  of  appar- 
ently increasing  the  viscosity  of  the  blood  for  the  reason  just  stated. 

The  effect  of  temperature  on  the  viscosity  of  the  blood  is  marked. 
At  37°  the  viscosity  is  about  16  per  cent,  less  than  at  17°  so  that  varia- 
tions of  temperature  of  5°,  which  is  within  the  limits  of  fever,  may 
change  the  viscosity  of  the  blood  about  4  per  cent.  The  viscosity  of 
human  blood  in  the  mean  is  about  5.1  (Beech  and  Hirsch).  It  may  vary 
between  4.73  and  5.89  at  38°.  Since  carbon  dioxide  causes  an  imbibition 
of  water  by  the  corpuscles  and  an  increase  in  their  size  the  viscosity  is 
Increased  by  carbon  dioxide  and  diminished  by  oxygen!  Hence  the 
viscosity  of  venous  blood  is  fjrpater  than  that  of  arterial  blood. 
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Viscosity  of  O    saturated  blood  5.4 

"  after  H     passed  through  it   5.88 

"  "       CO      "  "  6.57 

2 

In  dyspnea  the  viscosity  is  increased.  In  dogs,  hunger  diminishes  the 
viscosity  (Burton-Opitz),  a  meat  diet  increases  it  most;  a  carbohydrate 
and  fat  diet  produces  a  medium  effect. 

The  blood  contains  a  special  mechanism  for  affecting  its  viscosity 
quite  apart  from  those  factors  thus  far  mentioned.  This  is  its  power 
of  clotting,  or  coagulation.  By  clotting  the  viscosity  of  the  blood  be- 
comes so  great  that  fluidHy  is  lost  and  the  blood  is  converted  into  a 
jelly-like  solid.  This  power  of  clotting  is  of  great  service  to  the  body  in 
preventing  hemorrhage,  but  it  is  not  impossible  that  a  partial  coagulation 
takes  place  in  certain  regions  of  the  circulation,  causing  a  great  increase 
in  the  viscosity  and  peripheral  resistance  in  these  regions.  This  would 
cause  a  very  high  intracapillary  pressure  and  might  contribute  to  a 
resulting  edema.  The  tendency  to  clotting  is  always  present.  Even  a 
sluggish  movement  of  the  blood  in  the  veins  may  result,  in  certain  special 
circumstances,  in  a  premature  permanent  clotting,  or  thrombosis.  This 
happens  sometimes  after  anesthesia,  which  increases  coagulability,  or 
after  parturition  while  the  patient  is  lying  flat  in  bed.  Clotting  is  due 
to  the  conversion  of  one  of  the  soluble  proteins  of  the  blood  plasma,  the 
fibrinogen,  into  an  insoluble  form  of  fibrin.  This  fibrin  comes  out  in 
the  form  of  a  net  which  entangles  the  corpuscles  and  water  and  makes  a 
jelly-like '  clot.  Without  considering  at  this  point  the  nature  of  the 
change  in  the  fibrinogen  and  the  cause  of  the  change,  we  may  briefly 
examine  the  reasons  for  thinking  that  this  change  may  perhaps  nor- 
mally occur  to  a  slight  extent  and  thus  change  the  viscosity  of  the  blood. 
The  chief  reasons  are  the  following : 

An  extremely  small  amount  of  formation  of  fibrin  from  fibrinogen  is 
sufficient  to  change  enormously  the  viscosity  of  the  blood.  The  con- 
version of  .001  per  cent,  of  fibrinogen  into  fibrin  is  able  to  change  blood  to 
a  condition  where  it  will  hardly  flow,  but  behaves  as  a  gel.  Even 
less  than  this  will  greatly  affeci,  its  viscosity.  If  this  happened  in  a 
certain  part  of  the  kidney,  for  example,  the  effect  might  be  greatly  to 
increase  the  pressure  in  the  capillaries  of  the  glomeruli  and  thus  to  in- 
crease the  filtration.  There  is  in  the  arterial  blood  entering  the  kidney 
generally  about  0.1  per  cent.-0.2  per  cent,  of  fibrinogen.  In  the  blood 
of  the  kidney  vein  there  are  always  a  few  hundredths,  or  thousandths 
of  a  per  cent.,  less  than  in  the  arteries.  What  becomes  of  this  fibrinogen 
which  thus  disappears  has  never  been  entirely  explained,  although  Nolf 
suggested  that  it  deposited  on  the  endothelial  cells.  It  is  not  now  be- 
lieved that  it  is  used  as  food,  since  the  tissues  are  probably  nourished 
by  the  amino-acids  rather  than  by  the  blood  proteins.    It  is  possible  that 
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it  has  been  converted  (Nolf)  into  fibrin  and  possibly  afterwards  re- 
dissolved  or  partially  digested,  but  not  converted  back  to  fibrinogen.  A 
similar  loss  of  fibrinogen  occurs  in  nearly  all  the  organs  in  the  body,  the 
kidneys  perhaps  being  the  most  important  of  the  organs  destroying 
fibrinogen.  The  question  may  be  raised  whether  the  conversion  of 
minute  amounts  of  fibrinogen  to  fibrin  may  not  take  place  in  the  periph- 
eral capillaries,  thus  leading  to  an  increased  resistance  and  to  a  loss  of 
fibrinogen.  It  may  be  that  this  was  the  original  purpose  of  the  fibrino- 
gen. These  are  questions  which  cannot  be  answered  positively  without 
experiment.  But  the  presence  of  this  peculiar  protein  which  has  the 
function  of  enormously  altering  viscosity  suggests  that  it  may  be  a  very 
important  factor  in  the  normal  regulation  of  blood  viscosity. 

The  great  importance  of  the  viscosity  of  the  blood,  and  of  the  pro- 
teins of  the  plasma  in  determining  it,  is  shown  by  the  circumstance  that 
if  the  blood  is  withdrawn  from  a  dog's  body  and  the  corpuscles  removed 
by  eentrifugalization  and  then  the  corpuscles  suspended  in  a  salt  solu- 
tion of  the  proper  strength,  such  as  Ringer's  solution,  and  reinjected, 
the  animal  will  not  live.  But  it  will  live  if  gum  arable  is  added  to  the 
Ringer's  solution  in  sufficient  quantity  to  restore  the  viscosity  to  its 
normal  amount. 

Clotting  of  blood. — When  mammalian  blood  escapes  from  the  blood 
vessels  into  the  tissues  or  when  it  is  collected  in  a  vessel,  it  changes  in 
the  course  of  two  to  ten  minutes  from  a  liquid  to  a  jelly-like  solid, 
which  has  the  same  volume  as  the  blood  in  the  liquid  form.  It  clots.  No 
heat  is  disengaged  in  this  process  of  clotting.  If  the  clotting  takes  place 
in  a  beaker  or  other  vessel,  the  clot  after  a  longer  or  shorter  time, 
generally  in  the  course  of  half  an  hour,  begins  to  shrink  and  the  clotted 
blood  gradually  separates  into  two  portions,  a  clear,  slightly  straw- 
colored  liquid,  called  the  serum;  and  the  solid,  contracted  clot  consisting 
of  the  corpuscles,  the  greater  part  of  the  serum,  and  of  an  insoluble  pro- 
tein substance  called  fibrin.  This  process  of  contraction  of  the  clot 
with  the  pressing  out  of  the  liquid  serum  is  not  peculiar  to  blood,  but 
is  a  common  property  of  many  gels.  It  is  called  syneresis.  The  con- 
traction of  the  blood  clot  is,  however,  more  extensive  than  that  of  most 
other  gels.  The  particular  object  secured  by  this  process  of  conversion 
of  the  liquid  blood  to  a  solid  clot  is  to  stop  bleeding  and  so  to  prevent 
fatal  hemorrhage.  While  clotting  is  common  to  all  forms  of  blood  from 
that  of  the  echinoderms  to  man,  the  process  reaches  its  highest  degree 
of  perfection  in  the  mammalia  and  birds,  where  the  blood  pressure  is 
highest  and  the  danger  of  fatal  hemorrhage  is  correspondingly  increased. 
We  may  now  inquire  more  at  length  into  the  nature  of  this  process  of 
clotting.  It  may  be  stated  at  the  outset  that  while  no  physiological 
phenomenon  has  been  more  extensively  studied  and  for  a  longer  time,  yet 
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we  are  still  quite  ignorant  of  the  explanation  of  many  of  the  steps  of 
the  process. 

Clotting  not  due  to  contact  with  air.  That  clotting  is  not  due  to 
contact  of  the  blood  with  air  may  be  shown  by  the  fact  that  the  entrance 
of  air  into  the  veins  does  not  cause  clotting.  In  caisson  disease,  when 
men  are  too  suddenly  transferred  from  a  compressed  air  to  normal 
atmospheric  pressure,  there  often  occurs  a  disengagement  of  bubbles  of 
nitrogen  gas  in  the  blood  vessels  of  the  body.  These  bubbles,  while  they 
may  cause  death  by  air  embolism,  do  not  cause  any  clotting  about  them 
in  the  blood.  Moreover,  if  blood  is  received  from  an  artery  or  vein 
into  an  evacuated  vessel,  or  if  it  be  collected  over  mercury  without  con- 
tact with  air,  clotting  occurs  as  usual.  Contact  with  the  air  is  not,  then, 
the  cause  of  the  clotting  of  blood  as  one  might  at  first  think. 

Stopping  of  circulation  not  the  cause  of  clotting.  It  might  also  be 
thought  that  the  cessation  of  movement  of  the  blood,  its  lack  of  agitation 
ensuing  after  its  discharge  from  the  blood  vessels,  is  the  cause  of  clotting, 
but  this  again  can  be  shown  not  to  be  a  sufficient  explanation  of  the 
facts.  If,  for  example,  two  ligatures  be  placed  about  a  portion  of  the 
jugular  vein  of  a  horse  so  that  some  blood  is  imprisoned  between  the 
ligatures,  it  will  be  found  on  opening  this  vein  after  some  time  that 
the  blood  in  it  has  remained  quite  fluid.  It  will,  however,  ultimately 
clot  in  the  vein  in  these  conditions,  but  its  clotting  takes  very  much 
longer.  If  the  fluid  blood  is  poured  out  of  the  vein  into  a  glass  vessel 
the  blood  clots  at  once.  Moreover,  if  an  attempt  is  made  to  keep  blood  in 
circulation  through  glass  pipes  at  body  temperature,  it  will  be  found 
that  it  clots  in  the  pipes  and  fully  as  rapidly  as  if  it  remained  at  rest. 
"Whipping  the  blood  with  glass  rods  increases  the  speed  of  clotting. 
The  quick  clotting  of  shed  blood  cannot  then  be  due  to  the  stoppage  of 
the  flowing  motion  of  the  blood,  although  this  may,  at  times,  in  the 
blood  vessels  be  a  predisposing  cause  of  clotting.  Clotting  is  not  due 
either  to  a  lowering  of  temperature  of  the  shed  blood,  since  cooling 
usually  retards  the  process  of  clotting,  and  a  high  temperature  accel- 
erates it. 

Contact  with  the  tissues  greatly  accelerates  clotting.  When  blood  is 
shed  into  the  tissues,  or  when  in  the  process  of  collecting  it,  it  passes 
over  the  wounded  surfaces  of  the  tissues,  its  clotting  is  greatly  acceler- 
ated. In  fact,  if  blood  of  vertebrates  lower  in  the  animal  scale  than 
mammals,  for  example  the  blood  of  birds,  reptiles,  fishes  and  amphibia,  be 
carefully  collected  by  means  of  a  cannula  introduced  into  an  artery,  the 
greatest  care  being  taken  to  avoid  any  contact  with  a  wounded  piece  of  tis- 
sue, the  blood  thus  drawn  will  remain  fluid  for  a  long  period  of  time,  and 
if  it  is  collected  into  vaselined  glass  vessels  so  that  the  blood  does  not  touch 
the  glass  walls  it  will  remain  fluid  almost  indefinitely..  If  to  such  blood 
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a  small  amount  of  the  normal  salt  extract  of  any  tissue  of  the  body  is 
added,  clotting  occurs  very  quickly.  It  is  evident  from  this  that  there 
must  be  something  in  the  wounded  tissues  which  accelerates  clotting  of 
blood.  In  mammalian  blood  the  conditions  are  essentially  the  same, 
except  that  clotting  will  occur  without  contact  with  the  wounded  tissue. 
Nevertheless  such  contact  greatly  accelerates  clotting  here  also,  and  the 
addition  of  extracts  of  the  tissues  hastens  the  clotting  of  mammalian 
blood  just  as  it  does  that  of  bird's  blood.  Among  the  substances  of  the 
tissues  which  have  this  power  of  accelerating  clotting,  phospholipins  of 
the  nature  of  cephalin,  or  unknown  substances  which  accompany  this 
fraction  of  phospholipin  when  the  latter  is  separated  from  the  tissues, 
have  the  power  of  acting  in  the  same  manner  and  are  presumably  the 
active  substances  in  the  tissues.  It  may  be  said  here  that  these  ac- 
celerating substances  have  a  certain  specificity  of  action  in  that  the  tissue 
of  one  kind  of  fish  or  other  animal  accelerates  the  clotting  of  its  own 
kind  of  blood  far  more  than  it  does  that  of  blood  of  other  species 
(Loeb,  Nolf).  The  specificity  is  not,  however,  absolute,  but  is  relative. 
The  substances  in  the  tissue  extracts  thus  accelerating  clotting  are 
sometimes  called  thromboplastic  substances,  thrombokinase,  tissue  fibrin- 
ogens, or  coagulins,  as  diiferent  writers  have  made  different  pictures  of 
their  method  of  acting. 

Contact  with  foreign  bodies  greatly  accelerates  clotting.  It  has  been 
found  that  not  only  will  tissues  hasten  the  clotting  of  blood.  Any  finely 
divided  foreign  substance,  which  can  be  wet  by  the  blood,  hastens  clot- 
ting. Thus  finely  divided  glass,  glass  wool,  clay  filters,  feathers,  or 
absorbent  cotton,  hasten  clotting.  It  is  not  necessary  for  the  blood  to 
be  shed  in  order  to  produce  clotting  by  these  means.  If,  for  example,  a 
needle  be  passed  through  the  walls  of  an  artery  or  vein  it  becomes 
covered  with  a  coating  of  fibrin ;  and  if  the  walls  of  a  vein  be  injured,  as 
by  the  action  of  an  inflammatory  process,  by  a  hot  needle  or  by  caustics 
(AgNOj),  clotting  more  or  less  limited  to  the  place  of  injury  will  be 
observed.  Sometimes  if  the  blood  has  been  rendered  abnormally  easy 
to  clot,  as  it  is  by  anesthetics  after  an  operation,  or  after  hemorrhage, 
slight  injury  to  a  vein  by  an  inflammatory  process  or  mechanical  process 
may  lead  to  clotting  in  the  vein  and  thrombosis.  This  is  especially  apt 
to  happen,  for  example,  after  parturition.  After  any  hemorrhage,  in- 
cluding the  more  or  less  extensive  hemorrhage  of  parturition,  blood  is 
more  easily  clotted,  the  circulation  in  the  veins  of  the  leg  is  slow  and 
by  tight  bandages  about  the  abdomen  may  be  rendered  slower  than  usual. 
Conditions  somewhat  similar, .  except  for  the  hemorrhage,  prevail  after 
operations  for  appendicitis  and  clotting  in  the  veins  of  the  legs,  par- 
ticularly ih  the  right  leg  after  appendicitis  operations,  is  not  unusual. 
If  these  clots  get  loose  in  the  circulation  they  may  lodge  in  the  pul- 
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monary  circulation  and  produce  serious  trouble  or  even  death.  If  they 
remain  fixed  they  disturb,  in  a  painful  way,  the  circulation  of  the  leg. 
Milk  leg  is  a  result.  Such  clots  are  in  part  reabsorbed  and  in  part  are 
incorporated  into  the  vein  walls.  While  contact  with  many  forms  of 
matter  produces  clotting,  yet  blood  received  under  paraffine  oil  and 
into  smooth  glass  receptacles  which  have  been  oiled  with  parafSne  oil 
has  its  clotting  much  delayed.  Oftentimes  the  first  signs  of  clotting  in 
such  blood  occurs  in  the  surface  where  dust  particles  may  be  present. 
Examination  generally  shows  that  the  foci  of  such  clots  are  some  ex- 
traneous matters.  Contact  with  foreign  substances  which  may  be  wet 
with  the  blood  is,  hence,  one  of  the  determining  factors  of  the  process  of 
clotting.    Many  inert  solid  substances  thus  have  a  throniboplastic  action. 

Physiological  variations  in  tendency  to  clotting.  It  is  observed  that 
the  tendency  of  blood  to  clot  undergoes  quite  wide  variations  in  different 
individuals.  As  has  just  been  said,. previous  hemorrhage  always  greatly 
accelerates  the  tendency  to  clot.  This  is  of  course  in  the  nature,  of  an 
adaptive  change  to  stop  any  recurrence  of  the  hemorrhage.  Certain  indi- 
viduals have  blood  which  clots  with  much  greater  difficulty  than  normal. 
If  this  tendency  toward  delayed  clotting  is  very  pronounced,  it  may 
constitute  a  positive  danger  to  life.  Such  people  are  known  as  bleeders ; 
they  have  the  disease  known  as  hemophilia.  This  trouble  is  inherited 
and  generally  runs  in  families.  In  pneumonia  and  some  fevers  the  clot- 
ting of  the  blood  is  somewhat  slower  than  usual,  and  the  settling  of  the 
corpuscles  being  rather  more  rapid,  when  the  shed  clotted  blood  of  such 
individuals  is  examined  it  often  happens  that  the  upper  parts  of  the 
clot  may  be  found  to  be  composed  of  plasma  with  few  or  no  corpuscles, 
the  corpuscles  having  settled  before  clotting  occurred.  The  blood  has 
a  clear  coat  above.  This  is  called  the  crusta  inflammatoria.  Horse's 
blood  usually  acts  in  this  manner,  the  corpuscles  settling  very  fast,  par- 
ticularly if  the  blood  be  cooled  as  soon  as  it  is  shed. 

Ways  in  which  the  clotting  of  blood  may  be  caused  or  prevented. 
Action  of  albumose.  If  a  strong  solution,  5  to  10  per  cent.,  of  albumose 
(Witte's  peptone)  in  0.9  per  cent.  NaCl  be  injected  rapidly  into  the 
jugular  vein  of  a  dog  in  an  amount  of  0.2-0.3  gram  albumose  per  kilo 
body  weight,  it  is  found  that  blood  drawn  from  a  few  minutes  to  a 
couple  of  hours  later  has  a  greatly  prolonged  time  of  clotting.  By  the 
use  of  larger  amounts  of  albumose  the  blood  drawn  15  minutes  after 
injection  does  not  clot  at  all.  Such  blood  is  known  as  peptone  or  pro- 
peptone  blood.  This  injection  has  no  such  pronounced  action  in  rabbits, 
the  injection  of  amounts  of  peptone  which  the  animals  will  survive  is 
followed  by  very  little  change  in  the  coagulability  of  the  blood.  It  has 
been  found  that,  if  the  injection  of  peptone  is  made  in  a  fasting  dog, 
the  results  are  different  from  those  when  the  dog  is  in  full  digestion 
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(Wooldridge).  The  very  first  effect  of  the  injection  is  a  very  brief 
period  of  quickened  coagulation.  Furthermore,  if  a  small  amount  of 
peptone  is  injected  first,  so  that  the  coagulability  of  the  blood  is  only 
slightly  depressed,  then  the  subsequent  injection  of  a  large  amount  of 
albnmose  solution  has  no  effect  at  all  in  changing  the  speed  of  clotting. 
The  first  injection  appears  to  have  made  the  dog  immune  to  the  albumose. 
What  it  is  in  the  albumose  which  has  this  action  is  not  known.  It  is 
perhaps  significant  that  albumose  prepared  by  the  digestion  of  fibrin 
is  most  efficient  in  this  action,  but  albumose  from  meat  is  also  efficient, 
though  to  a  less  degree.  Albumose  added  to  blood  outside  the  body 
does  not  have  the  effect  of  retarding  coagulation.  It  somewhat  acceler- 
ates the  clotting.  The  effect  of  preventing  clotting  is,  hence,  not  a 
direct  action  of  the  albumose  on  the  blood,  but  on  the  tissues  of  the 
body.  Some  have  thought  that  it  is  particularly  acting  on  the  leuco- 
cytes ;  others  that  it  is  acting  on  the  liver.  We  shall  come  back  to  this 
presently. 

Leech  extract.  If  an  aqueous  extract  be  made  of  the  head  of  the 
medicinal  leech,  it  is  found  to  have  quite  remarkable  powers  of  delaying 
coagulation  when  injected  into  the  body,  or  when  added  to  the  blood 
outside  of  the  body.  The  active  principle  is  called  hirudin.  It  appears 
to  be  a  deutero  albumose.  The  blood  will  not  clot  after  leech  extract  has 
been  added  to  it.    Hirudin  is  an  anticoagulant. 

Tissue  extracts.  These  have  a  most  interesting  action.  If  a  normal 
salt  extract  be  prepared  of  the  thymus  gland,  spleen,  testicle,  brain, 
lymph  glands,  or  other  tissues,  something  goes  into  solution  which  is 
precipitated  with  dilute  acetic  acid.  Redissolved  in  salt  solution  made 
slightly  alkaline  by  sodium  carbonate  and  injected  into  the  vein  of  a  dog, 
it  will  cause  death  if  sufficient  is  injected.  On  post-mortem  examina- 
tion it  will  be  found  that  intravascular  clotting  has  occurred  in  the  portal 
region.  Sometimes  the  clot  is  confined  to  the  portal  vein  and  its  branches 
entering  the  liver,  but  in  digesting  dogs  it  will  be  found  that  the  clot 
may  extend  into  the  right  heart  and  lungs.  In  rabbits  by  such  tissue 
extract  injections  the  whole  circulation  may  be  suddenly  clotted.  In 
dogs,  however,  it  is  found  that  a  clot  forms  preferably  in  the  portal  circu- 
lation. If  smaller  amounts  of  the  tissue  extract  are  injected,  it  is 
observed  that  at  first,  immediately  after  the  injection,  there  is  an 
increased  coagulability  of  the  blood,  and  that  there  is  a  temporary  ces- 
sation of  the  respiration  and  a  sudden  fall  of  blood  pressure,  but  that 
in  a  few  moments  the  dog  recovers.  Larger  quantities  of  the  tissue 
extract  may  now  be  injected  without  any  obvious  ill  effects,  but  if  the 
blood  be  drawn,  it  is  found  that  it  has  lost  wholly  or  partly  its  powers 
of  spontaneous  clotting.  The  addition,  however,  to  this  non-clotting 
blood  of  more  of  the  same  extract  which  had  just  been  injected  causes 
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clotting  at  once  outside  the  body,  provided  too  much  of  it  has  not  been 
injected,  although  it  is  ineffective  within  the  body.  If  a  dog  which  has 
received  a  dose  of  tissue  extract  not  sufficient  to  kill  him  be  killed  in 
some  other  manner,  it  will  generally  be  found  on  post-mortem  examina- 
tion that  there  are  clots  in  the  portal  vein.  These  clots  are  already 
white,  owing  to  the  blood  corpuscles  having  been  washed  out,  and  they 
ultimately  undergo  digestion  and  disappear.  It  is,  hence,  a  very  singular 
fact  that  these  tissue  extracts,  which  act  in  so  many  ways  like  peptone 
or  albumose,  produce  within  the  body  first  a  positive  tendency  to  coagu- 
lation, followed  by  a  negative  reaction,  whereas  when  added  to  blood 
outside  the  body  they  produce  only  the  positive  phase.  This  fact  indi- 
cates that  the  negative  phase  of  clotting,  that  is  the  tendency  of  the 
blood  to  remain  fluid,  is  due  to  a  reaction  on  the  part  of  some  tissues  of 
the  body  to  this  dangerous  substance,  and  not  to  a  reaction  on  the  part 
of  the  fluid  blood  itself. 

The  substance  in  the  tissues  which  is  responsible  for  the  clotting 
and  which  was  called  "  tissue  fibrinogen  "  by  its  discoverer,  may  be 
purified  by  precipitation  by  half  saturation  with  ammonium  sulphate, 
or  half  saturation  with  sodium  chloride,  or  by  the  addition  of 
acid  in  small  quantities  or  by  carbon  dioxide.  It  is  insoluble  in  dis- 
tilled water,  but  readily  soluble  in  dilute  salt  solutions.  It  is  found 
in  the  greatest  amount  in  the  lungs,  then  in  the  brain  and  in 
the  kidney.  Muscles  contain  relatively  little.  It  was  called  tissue 
fibrinogen  for  the  reason  that  in  all  its  properties  it  strongly  resem- 
bles the  fibrinogen  of  the  blood.  Like  the  latter  it  is  precipitated 
by  mixing  its  solution  with  an  equal  quantity  of  saturated  sodium 
chloride,  and  by  CO2  and  by  acids,  although  it  is  precipitated  at  a  little 
different  point  of  acidity  thsm  blood  fibrinogen.  It  coagulates  at  the 
same  temperature  as  blood  fibrinogen,  i.e.,  56°.  It  is  electro-positive  in 
Solution  and  goes  to  the  cathode.  Like  fibrinogen  also  it  is  composed  of 
a  phospholipin  united  with  a  protein.  In  fact  this  substance  has  been 
repeatedly  extracted  from  tissues  and  called  fibrinogen  on  account  of 
these  properties  and  confused  with  the  fibrinogen  of  the  blood.  When 
examined  it  was  found  to  contain  10.7  per  cent,  of  N  and  1.53  per  cent. 
of  P.  It  yields  approximately  36  per  cent,  of  its  weight  as  a  phospholipin. 
These  facts  have  been  discovered  by  Mills,  but  some  of  them  are  but  the 
confirmation  of  earlier  studies  by  Wooldridge.  Unlike  fibrinogen  it  does 
not  clot,  but  if  it  is  added  to  a  solution  of  fibrinogen  it  increases  the 
weight  of  the  fibrin  obtained  from  the  latter.  A  small  amount  of  this 
tissue  fibrinogen  is  found  also  in  the  blood. 

When  tissue  fibrinogen  is  injected,  so  that  the  blood  becomes  abso- 
lutely incoaguable,  it  is  found  that  all  of  the  blood  fibrinogen  has  dis- 
appeared from  the  blood.    It  is  unknown  what  has  become  of  it.    Such 
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blood,  although  it  will  not  clot  itself,  will  hasten  clotting  in  other  bloods. 

This  tissue  fibrinogen  thus  obtained  is  the  most  powerful  of  known 
styptics  and  it  is  the  natural  styptic  of  the  tissues.  The  activity  appears 
to  be  dependent  upon  a  union  of  the  phospholipin,  or  some  substance 
associated  with  it,  with  the  protein  since  if  the  phospholipin  is  removed 
by  treatment  with  benzene,  an  emulsion  of  the  phospholipin  is  much 
less  active  than  the  original  substance  and  the  remaining  protein  is 
almost  inactive.  Union  of  the  two  solutions  restores  the  activity.  More- 
over the  addition  to  the  tissue  extract  of  an  emulsion  of  the  phospholipin, 
which  by  itself  is  almost  inactive,  renders  the  tissue  extract  far  more 
active.     (Mills.) 

Action  of  oxalates,  fluorides  and  citrates.  If  blood  is  received  into 
a  solution  of  sodium  or  ammonium  oxalate,  fluoride  or  citrate  so  that 
it  contains  about  0.1-0.2  per  cent,  of  the  first  two  of  these  salts,  or 
if  100  c.c.  blood  is  received  into  5-10  c.c.  Nag  citrate  2.5  per  cent,  in 
NaCl  0.9  per  cent.,  it  will  remain  indefinitely  liquid.  If,  however, 
sufficient  calcium  chloride  is  afterwards  added  to  such  oxalate,  or 
citrate  blood  so  that  there  is  an  excess  of  calcium  in  the  blood,  clotting 
occurs  normally.  Fluoride  blood  does  not  clot  spontaneously  by  the 
addition  of  an  excess  of  calcium.  Since  these  substances,  except 
the  citrate,  have  the  power  of  precipitating  calcium,  and  since  the 
addition  of  calcium  causes  the  blood  to  clot,  it  is  concluded  that 
the  presence  of  calcium  salts  is  necessary  for  the  clotting  of  blood. 
While  the  citrate  does  not  precipitate  calcium,  it  is  believed  to  unite 
with  it  and  hold  it  in  an  un-ionized  form  so  that  its  action  also 
is  supposed  to  be  that  of  a  deealcifier.  The  injection  of  calcium, 
chloride  solutions  into  the  blood  increases  somewhat  its  tendency  t& 
clot,  but  does  not  in  itself  cause  clotting,  nor  does  it  do  so  outside  the 
body.  Both  strontium  salts  and  barium  salts  will  enable  decalcified 
blood  to  clot,  although  the  action  is  not  so  good  as  that  of  calcium, 
By  collecting  blood  in  oxalate  solution  and  centrifuging  the  corpuscles 
out  there  is  obtained  a  clear  plasma,  sometimes  slightly  colored  by 
hemoglobin,  which  will  not  clot  spontaneously,  and  this  is  called  oxalate 
plasma. 

Action  of  strong  solutions  of  magnesium  sulphate  and  sodium 
chloride.  The  clotting  of  the  blood  may  be  prevented  in  vitro  by  receiv- 
ing the  blood  in  an  equal  volume  of  10  per  cent.  NaCl,  so  that  the  mix- 
ture contains  5  per  cent,  of  NaCl.  Such  blood  remains  fluid  for  a  long 
period.  If  the  corpuscles  are  centrifugalized  off,  the  clear  plasma  is 
called  sodium  chloride  plasma.  Such  plasma  will  clot  spontaneously 
if  it  be  diluted  with  four  volumes  of  water.  Similarly,  if  bood  be 
received  into  a  saturated  solution  of  MgSO^  so  that  there  will  be  three 
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volumes  of  blood  to  one  of  the  solution,  the  blood  will  not  clot.  If  the 
corpuscles  be  centrifugalized  off,  then  the  addition  of  water  to  the 
magnesium  sulphate  plasma  does  not  cause  spontaneous  clotting,  but 
the  diluted  plasma  will  clot  on  the  addition  of  some  of  the  serum  from 
clotted  blood. 

Explanation  of  the  facts  just  cited.  The  facts  which  have  just  been 
stated  about  the  clotting  of  blood,  and  some  other  facts  which  we  shall 
now  discuss,  have  been  known  most  of  them  for  a  very  long  period, 
namely  from  20-40  years,  but  the  satisfactory  explanation  of  these  facts 
is  still  impossible.  With  these  experimentally  ascertained  facts  in  mind 
we  may  now  proceed  to  examine  the  nature  of  the  processes  involved 
in  clotting.  It  is  very  important  for  the  student  to  hold  the  facts 
themselves  clearly  in  mind,  rather  than  any  explanation  of  them,  for 
there  are  about  as  many  explanations  offered  as  there  are  investigators, 
and  none  of  these  explanations  is  as  yet  satisfactory.  The  great  diffi- 
culty in  the  explanation  is  due  to  the  complexity  of  the  blood  and  our 
ignorance  of  the  fundamental  properties  of  solutions  and  the  processes 
of  crystallization,  for  the  clotting  of  the  blood,  as  we  shall  see  in  a 
moment,  is  at  the  bottom  the  crystallization  of  a  supersaturated  solution, 
the  crystalline  substance  which  separates  being  called  fibrin. 

Fibrin.  Whatever  may  be  the  exact  nature  of  the  processes  involved, 
all  are  agreed  that  the  conversion  of  the  blood  from  a  liquid  to  a  solid 
clot  is  due  to  the  fact  that  a  substance  of  an  insoluble  nature  appears 
in  it.  This  substance  is  called  fibrin.  It  is  a  protein  substance.  It  is 
deposited  first  as  very  fine  aeieular  crystals  lying  between  the  blood 
corpuscles,  and  radiating  from  the  blood  plates  or  other  finely  divided 
foreign  particles.  (Figure  53.)  These  crystals  shortly  coalesce,  or  stick 
together,  and  form  a  network  in  the  interstices  of  which  corpuscles,  both 
white  and  red,  and  the  blood  plasma  are  held  so  that  the  whole  is  in 
the  nature  of  a  solid  clot.  If  blood  as  it  is  drawn  be  whipped  with  a 
glass  rod,  the  fibrin  as  fast  as  it  separates  sticks  to  the  rod  in  the  form 
of  tough  strings  in  which  some  corpuscles  are  entangled.  This  is  fibrin. 
The  blood  from  which  this  fibrin  has  been  thoroughly  removed  will  no 
longer  clot.  It  consists  of  a  mixture  of  serum  and  corpuscles  and  is 
called  defibrinated  blood. 

The  question  is,  then,  what  is  the  origin  of  this  fibrin?  Does  it 
pre-exist  in  the  blood  or  does  it  appear  only  at  clotting?  Is  it  in  the 
corpuscles  or  plasma  and  why  does  it  appear  when  blood  is  shed  ?  Some 
of  these  questions  are  not  difficult;  others  of  them  are  very  hard  to 
answer. 

Fibrinogen.  Origin  of  fibrin.  The  first  question  which  may  be  asked 
is  this:  Does  the  fibrin  come  from  the  corpuscles  or  from  the  plasma? 
This  question  may  fortunately  be  answered  with  certainty.    The  greater 
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part  of  the  fibrin  comes  from  the  plasma,  not  from  the  corpuscles,  or 
at  least  not  directly  from  the  corpuscles.  If  blood  is  prevented  from 
clotting  by  the  action  of  any  one  of  the  anticoagulants  just  mentioned, 
such  for  example  as  strong  NaCl  solution,  or  leech  extract,  it  is  possible 
to  remove  all  the  corpuscles,  both  red  and  white,  by  centrifugalization. 
The  clear  plasma  thus  obtained,  if  it  be  peptone  plasma  or  salt  plasma, 
will  clot  if  diluted  with  water.  Fibrin  appears  in  it.  If  oxalate 
plasma  is  obtained,  it  is  necessary  to  add  some  serum  or  an  extract 
from  the  alcohol-coagulated  serum,  or  a  calcium  salt  to  make  it  clot, 
but  then  it  clots  and  yields  a  typical  fibrin.  On  the  other  hand,  the 
blood  corpuscles  washed  free  from  plasma  by  suspending  them  in 
physiological  salt  solution  and  recentrifugalizing  will  not  clot  and  form 
fibrin  under  similar  circumstances.  This  experiment  shows  clearly  that 
the  fibrin  has  come  from  the  blood  plasma.  It  is  found  that  the  amount 
of  fibrin  which  a  dog's  blood  will  yield  is  about  0.1-0.3  per  cent.,  but  after 
suppuration  or  infiammation  it  may  rise  to  double  or  treble  this  amount, 
i.e.,  to  1  per  cent.  The  plasma  yields  naturally  a  larger  proportion,  since 
the  corpuscles  which  make  30-40  per  cent,  by  volume  of  the  whole  blood 
contain  none.  Plasma  generally  yields  from  0.2-0.6  per  cent,  of  fibrin. 
Since  the  fibrin  once  formed  is,  as  such,  quite  insoluble  or  nearly  insolu- 
ble in  blood  plasma,  it  is  believed  that  the  fibrin  does  not  exist  as  fibrin 
in  the  plasma,  but  as  a  substance  which  gives  rise  to  fibrin.  This  pre- 
existing substance  is  called  fibrinogen.  The  essential  act  of  clotting, 
therefore,  appears  to  be  the  conversion  of  the  soluble  fibrinogen  into 
fibrin.  It  may  be  said  here,  however,  that  besides  that  in  solution  in  the 
plasma  fibrinogen  is  also  contained  in  the  blood  plates. 

The  optical  phenomena  of  clotting.  Before  taking  up  the  nature  of 
the  relation  between  fibrinogen  and  fibrin,  we  may  for  the  moment  turn 
aside  to  the  microscopic  examination  of  the  clotting  blood.  The  process 
of  clotting  of  plasma  or  of  blood  itself  can  be  best  studied  by  means  of 
the  ultra  microscope,  that  is  the  dark  field  microscope.  If  plasma  or 
blood  be  watched  as  it  clots,  it  will  be  found  that  fibrin  comes  out  in  the 
form  of  very  fine,  long,  acicular  crystals  shown  in  Figure  53.  These 
crystals  are  probably  not  solid  crystals,  but  liquid  crystals,  since  liquid 
crystals  not  infrequently  take  this  form.  Moreover,  they  have  another 
property  of  liquid  crystals,  that  of  coalescing  or  sticking  to  things ;  it  is 
because  of  this  property  that  they  will  stick  together  to  make  thick,  long 
strands  of  fibrin  of  which  the  crystalline  nature  could  not  be  inferred 
in  any  way  by  microscopical  examination  except  from  their  double 
refraction.  That  indeed  shows  that  their  molecules  are  oriented.  The 
crystals  appear  first,  as  a  rule,  about  little  specks  of  dust,  or,  if  blood 
platelets  are  present,  they  adhere  to  them  and  grow  out  from  them.  We 
shall  later  come  back  to  the  discussion  of  the  relation  between  the  plate- 
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lets  and  coagulation.  The  fact  is,  however,  that  we  have  in  fibrin  forma- 
tion a  process  of  crystallization.  The  clotting  of  the  blood  is  a  crystal- 
lization of  fibrin.  This  fact  was  clearly  recognized  by  Wooldridge  many 
years  ago.  The  problem  we  have  to  answer  is  then  this :  Why  does  crys 
tallization  occur  when  blood  is  shed  and  why  does  it  not  occur  in  the 
blood  vessels? 

The  relation  of  fibrin  to  fibrinogen.  The  first  question  which  we  wish 
to  ask  is  then  this:  Is  the  fibrin  preformed  but  held  in  solution  in  the 
plasma  until  clotting  occurs ;  or  is  fibrin  formed  only  at  the  moment  of 
clotting  from  the  fibrinogen  which  is  itself  soluble.  If  the  latter 
hypothesis  is  true,  namely,  that  fibrinogen  is  converted  into  an  insoluble 
protein,  fibrin,  which  crystallizes  out,  then  the  problem  is  essentially 


Fig.   53. — The  clotting  of  fibrin   showing   the  long,   acicular  crystals.     A  crystalline 
gel  as  seen  In  the  ultra  microscope  (Stubel). 

to  learn  the  nature  of  the  difference  between  fibrinogen  and  fibrin.  The 
conversion  of  fibrinogen  into  fibrin  is  the  essential  thing.  If,  on  the 
other  hand,  the  fibrin  is  simply  held  in  solution  by  union  with  some 
substance  in  the  blood  plasm  and  crystallizes  out,  when  the  influ- 
ence of  this  substance  is  withdrawn,  then  the  problem  is  quite  a  dif- 
ferent one.  The  first  question,  then,  to  be  discussed  is  the  relation 
between  fibrinogen  and  fibrin.  What  is  the  nature  of  fibrin?  Now  it 
unfortunately  happens  that  we  do  not  know  what  is  the  composition  of 
fibrin.  It  is  known  that  it  is  a  protein.  It  is  generally  stated  that 
it  is  a  simple  protein.  The  composition  of  it  and  of  fibrinogen  have  been 
given  by  various  authors.    The  figures  of  Hammarsten  are  as  follows : 
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It  will  be  noticed  that  the  analyses  show  no  difference  in  composition 
between  fibrinogen  and  fibrin.  But,  while  these  figures  appear  so  clear- 
cut  and  decisive,  their  reliability  is  in  fact  an  illusion.  The  substance 
which  is  analyzed  as  fibrin  and  called  fibrin  in  the  foregoing  analysis 
is  not  the  substance  as  it  appears  in  the  blood ;  and  the  substance  which 
is  analyzed  as  fibrinogen  is  not  the  substance  which,  is  obtained  from 
blood  by  salting  out,  but  each  is  a  modified  substance.  Each  of  these 
substances  before  analysis  has  been  extracted  with  alcohol  and  ether  to 
remove  the  fat  and  lipoid.  The  substance  remaining  is  a  protein,  of 
which  the  composition  has  just  been  given.  Now  it  may  be  just  in  the 
lipin  part  of  the  molecule  that  the  difference  lies,  and  indeed  Wooldridge 
maintains  that  this  is  precisely  the  case.  It  is  true  of  all  the  proteins 
of  the  plasma  that  when  they  are  precipitated  from  plasma  by  the 
addition  of  salt,  the  precipitate  which  is  obtained  always  contains  a 
considerable  proportion  of  a  phospholipin.  Wooldridge  showed  that 
fibrin  might  contain  as  much  as  14  per  cent,  of  its  dry  weight  as  phospho- 
lipin. This  phospholipin,  or  phosphatide,  is  often  regarded  as  an  impur- 
ity, but  the  probabilities  are  that  it  is  a  compound  with  the  protein.  The 
amount  of  phospholipin  in  the  fibrin  is  less,  Wooldridge  thought,  than 
that  in  fibrinogen,  and  this  author,  one  of  the  ablest  and  keenest-sighted 
of  all  who  have  worked  on  this  problem  of  coagulation,  believed  that 
the  principal  difference  between  these  proteins  consisted  in  the  propor- 
tion of  lecithin  in  the  two  cases.  It  may  be  mentioned  in  this  connection 
that  we  have  a  very  similar  state  of  affairs  in  the  case  of  hemoglobin  and 
the  red  biood  corpuscles.  The  amount  of  hemoglobin  contained  in  the 
blood  of  most,  or  at  least  of  many,  mammals  is  very  much  more  than 
can  be  dissolved  in  the  liquid  of  the  corpuscles  when  the  oxyhemoglobin 
is  free.  It  is  held  in  solution  by  union  with  the  phospholipin  and  protein 
of  the  stroma  of  the  red  blood  corpuscles.  When  this  union  is  broken 
hemoglobin  crystallizes  out,  just  as  the  fibrin  crystallizes  out.  There  are 
so  many  points  of  identity  between  laking  blood  and  clotting  that  we 
may  with  some  confidence  believe  that  the  processes  are  at  bottom  essen- 
tially of  the  same  kind.  There  is  at  least  one  difference  between  fibrin- 
ogen and  fibrin,  which  was  emphasized  by  Wooldridge,  but  which  seems 
to  have  been  overlooked  by  all  subsequent  workers.  If  fibrinogen  is  ob- 
tained by  Hammarsten  's  method  of  salting  out  by  means  of  a  saturated 
sodium-chloride  solution,  Wooldridge  found  that  this  fibrinogen  when 
digested  by  pepsin  hydrochloric  acid  left  a  large  residue.  This  residue  is 
by  some  authors  (Pekelharing)  called.a  nueleoprotein,  or  nuclein  residue, 
owing  to  the  fact  that  it  is  soluble  in  alkalies  and  contains  a  great  deal 
of  phosphoric  acid;  but  it  is  incorrectly  so  regarded.  The  phosphoric 
acid  of  the  rosidue  is  soluble  in  alcohol.  It  is  not,  therefore,  a  nuclein, 
since    nuclcins    are    insoluble    in    alcohol.     Nearly    the    whole    of    the 
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phosphoric  acid  is  extraetable  with  alcohol.  This  shows  that  fibrinogen 
as  it  exists  in  the  plasma  is  a  lecithoprotein,  or  at  any  rate  that  it  con- 
tains a  good  deal  of  a  phospholipin.  Now  Wooldridge  fonnd  that  fibrin 
(lid  not  yield  nearly  as  abundant  a  residue  of  phospholipin  when  digested 
by  p(>psin-hydrochloric  acid.  It  dissolved  in  the  digestion  mixture  almost 
perfectly.  The  small  residue  it  yielded  Wooldridge  believed  to  be  due 
for  the  most  part  to  some  unchanged  fibrinogen.  These  observations 
appear  to  indicate  that  fibrinogen  and  fibrin  are  not  identical  substances, 
but  differ  in  the  proportion  of  phospholipin  in  them,  fibrin  containing 
less. 

Fibrinogen.  The  protein  usually  called  fibrinogen,  but  which  we 
may  call  Hammarsten's  fibrinogen,  may  be  obtained  from  centrifugal  ized 
oxalate  plasma  by  adding  to  the  plasma  an  equal  volume  of  concentrated 
NaCl.  None  of  the  other  proteins  of  the  blood  plasma  precipitate  with 
this  treatment.  The  precipitate  redissolves  in  dilute  salt  solution.  It 
is  insoluble  in  water  and  acts  in  this  respect  like  a  globulin.  It  may  be 
redissolved  in  salt  solution  and  reprecipitated  several  times  so  as  to 
get  it  as  free  from  the  other  proteins  as  possible.  Thus  obtained  it 
is  always  contaminated  with,  or  joined  to,  a  phospholipin  of  some  kind. 
It  has  a  tendency  to  become  insoluble  and  to  be  converted  into  a  fibrinous, 
insoluble  substance,  apparently  fibrin.  If  left  long  in  the  salt  solution 
from  which  it  is  precipitated,  it  undergoes  this  change.  Wooldridge 
called  this  a  true  conversion  into  fibrin.  It  is  hard  to  know  whether 
it  is  or  not.  Dog's  fibrinogen  particularly  easily  undergoes  this  change; 
horse's  changes  less  readily.  If  we  disregard  the  phospholipin  and  con- 
sider this  only  an  impurity,  the  fibrinogen  appears  to  be  a  simple  pro- 
tein, coagulating  at  56°  C.  The  kinds  of  amino-acids  it  has  is  shown  on 
page  144.  It  has  the  property  of  clotting  when  in  solution  on  the  addi- 
tion of  thrombin  or  of  serum.    It  is  optically  active. 

We  may  sum  up  this  discussion,  then,  by  the  statement  that  it  is 
at  present  impossible  to  say  whether  fibrin  pre-exists  in  the  blood  plasma 
being  held  in  solution  by  its  union  with  other  proteins,  or  other  sub- 
stances, until  the  time  of  clotting;  or  whether  an  insoluble  protein  is 
formed  from  a  soluble  one,  fibrinogen,  the  fibrin  then  crystallizing  out. 
The  latter-  view  is  the  one  at  present  held  by  nearly  all  physiologists,  but 
it  was  strongly  criticised  and  condemned  by  Wooldridge,  and  his  objec- 
tions, in  the  writer's  opinion,  have  never  been  answered. 

The  role  of  the  structural  elements  of  the  Mood  in  clotting.  When 
blood  clots,  then,  we  observe  that  the  clotting  is  due  to  a  protein  substance 
which  had  been  in  solution  in  the  blood  plasma,  crystallizing  out  of  solu- 
tion ;  while  the  exact  nature  of  the  changes  involved  in  this  protein 
which  determines  that  it  becomes  insoluble  or  capable  of  crystallization 
is  still  unknown,  we  may  proceed  to  examine  the  causes  which  are 
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playing  a  part  in  the  transformation.  The  first  question  which  we 
shall  ask  is  whether  the  red,  the  white  corpuscles,  or  those  more 
unknown  elements,  the  blood  plates,  play  any  part  in  the  process. 
This  question  is  generally  answered  in  the  affirmative,  namely,  that 
both  the  white  blood  corpuscles  and  the  platelets  play  a  very 
important  part  in  the  initiation  of  the  clotting  process,  but,  as 
we  shall  see,  the  evidence  that  the  white  corpuscles  are  concerned  in 
the  process  is  at  the  best  very  dubious.  On  the  other  hand,  there  is 
no  doubt  that  the  elements  called  blood  platelets  are  a  very  important 
factor  in  the  clotting  of  the  blood.  Schmidt,  who  worked  for  many 
years  on  the  clotting  of  the  blood,  and  to  whom  most  of  the  essential,  but 
possibly  erroneous,  conceptions  of  the  process  are  due,  was  of  the  opinion 
Jhat  the  white  corpuscles  played  a  very  important  part.  According 
to  him,  when  blood  is  shed  the  white  corpuscles  break  down  in  part  and 
liberate  a  substance  which  he  called  prothrombin.  This  substance  does 
not  act,  according  to  him,  by  itself,  but  in  certain  circumstances,  i.e.,  in 
the  presence  of  calcium  salts,  it  is  converted  into  a  third  substance, 
thrombin,  or  fibrin  ferment,  as  he  called  it.  This  substance  he  believed 
to  be  a  ferment,  and  by  its  action  on  the  fibrinogen  of  the  blood,  with 
the  co-operation  of  the  paraglobulin,  it  formed  fibrin.  This  view  of 
Schmidt  as  regards  the  role  of  the  leucocytes,  the  furnishing  of  pro- 
thrombin and  thrombin  and  its  action  on  fibrinogen,  is  accepted  by  the 
majority  of  workers  on  this  subject.  There  is  a  doubt,  however,  whether 
it  is  essentially  correct  and  well-founded.  The  evidence  that  Schmidt 
adduced  to  prove  that  the  white  corpuscles  cause  coagulation  was  this: 
If  horse's  blood  is  receiveH  directly  from  the  artery  or  vein  into  a 
cooled  glass  vessel  and  the  blood  immediately  cooled  in  a  salt-water-ice 
mixture  and  kept  cooled  to  about  0°,  the  clotting  is  so  prolonged  that 
time  is  given  for  the  corpuscles  to  settle.  The  red  corpuscles  being  more 
dense  settle  faster  than  the  whites,  and  accordingly  there  is  at  the  bot- 
tom of  the  tube  a  layer  of  red  corpuscles,  above  this  is  a  thin  layer  of 
v/hite  corpuscles  and  above  this  is  the  plasma,  which  is  somewhat  turbid, 
due  to  the  admixture  of  some  platelets  and  leucocytes.  Now  coagulation 
ultimately  ensues  in  this  blood  and  it  is  observed  that  the  clotting  begins 
always  in  the  white  layer,  where  the  white  corpuscles  are  most  abundant, 
and  that  the  plasma  at  the  top  and  the  red  corpuscles  underneath  may 
not  be  coagulated,  whereas  the  plasma  just  above  and  including  the  layer 
of  the  whites  is  coagulated.  On  examining  this  white  layer  under  the 
microscope,  Schmidt  observed  that  there  was  among  the  white  corpuscles 
a  large  amount  of  a  granular  precipitate  looking  like  the  dlbris  of 
corpuscles  which  had  gone  to  pieces.  Schmidt  interpreted  the  debris 
as  being  due  to  disintegrated  leucocytes,  although  there  was  no  evidence 
that  it  was  so  derived,  and  we  now  know  that  it  has  in  part  at  least 
another  origin.    Schmidt  concluded  from  these  observations  that  when 
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blood  is  shed  many  of  the  corpuscles  disintegrate  and  set  free  a  sub- 
stance which  causes  clotting.  This  substance  he  called  fibrin  ferment. 
To  support  this  conclusion  Schmidt  tried  the  experiment  of  injecting 
leucocytes  derived  from  lymph  glands,  or  debris  of  the  latter,  into  the 
circulation  and  he  believed  that  the  intravascular  clotting  sometimes 
obtained  was  due  to  this  fibrin  ferment  from  the  lymph  glands.  Now 
this  conclusion  of  Schmidt,  although  it  has  persisted  in  the  literature  as 
a  fact,  is  incorrect.  Its  incorrectness  was  shown  by  Wooldridge.  So 
far  as  is  known,  the  leucocytes  of  mammalian  blood  do  not  disintegrate 
to  any  considerable  extent  in  shed  blood.  They  persist  and  the  debris 
which  Schmidt  observed  did  not  come  from  them,  but  consisted  of  the 
substance  now  known  as  platelets,  and  the  origin  and  nature  of  which 
we  shall  soon  consider.  All  the  evidence  which  Schmidt  accumulated 
really  applied  to  the  blood  plates,  and  it  is  these  indeed  which  really 
inaugurate  the  process  of  clotting.  That  the  leucocytes  do  not  cause  the 
clotting  and  are  not  necessary  for  it  may  be  shown  in  several  ways. 
Blood  plasma  quite  freed  from  leucocytes  and  red  blood  cells  by  centrifu- 
galization,  such  for  example  as  salt  plasma,  or  peptone  plasma,  will 
coagulate  if  simply  diluted  with  water,  or  if  a  current  of  COj  is  passed 
through  the  plasma.  No  corpuscles  of  any  kind  are  necessary.  More- 
over, it  can  be  shown  that  the  leucocytes  are  quite  inert.  Wooldridge 
found  that  if  lymph  corpuscles  are  carefully  washed  with  salt  solution, 
they  will  cause  clotting  if  added  to  peptone  plasma,  or  if  added  to  salt 
plasma,  provided  the  substance  of  the  platelets,  which  he  called 
A-fibrinogen,  is  also  present.  But  these  same  leucocytes  do  not  clot  the 
lymph  in  which  they  are.  Exudates  exist  containing  many  leucocytes 
and  fibrinogen,  but  these  do  not  clot.  Moreover,  if  the  leucocytes  which 
have  been  once  in  blood  are  collected  by  centrifugalization,  washed  and 
suspended  in  peptone  plasma,  they  do  not  cause  clotting  of  the  plasma, 
although  leucocytes  of  lymph  glands,  which  have  never  yet  been  in  the 
blood,  will  cause  clotting.  It  is  clear  from  this  extraordinarily  instruct- 
ive and  important  observation  that  the  leucocytes  of  the  blood  have  not 
a  power  of  inaugurating  clotting.  Wooldridge  tried  another  very  sug- 
gestive experiment.  If  very  strong  peptone  plasma  is  used,  a  consid- 
erable amount  of  lymphocytes  may  be  added  without  producing  clotting. 
If  now  these  added  lymphocytes  are  centrifuged  from  the  plasma  and 
washed  carefully  in  salt  solution,  so  as  to  free  them  from  adherent 
plasma,  and  are  now  introduced  into  a  peptone  plasma  not  so  strong 
but  one  which  will  clot  spontaneously  in  time,  they  do  not  clot  this 
plasma,  whereas  a  similar  quantity  of  the  same  lot  of  lymphocytes  which 
had  not  first  been  in  the  peptone  plasma  will  clot  it  at  once.  This  fact 
shows,  according  to  Wooldridge,  that  leucocytes  which  have  once  been 
in  the  blood  become  inert  toward  it ;  whereas  those  which  have  not  been 
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in  the  plasma  act  like  foreign  bodies  and  hasten  the  clotting.  Wool- 
dridge  was  able  to  show,  also,  that  it  was  the  substance  of  the  blood 
platelets  which  was  the  important  substance  in  clotting.  It  is,  however, 
possible  to  extract  from  the  leucocytes  a  substance  which  hastens  blood 
clotting.  That  the  red  corpuscles  are  not  primarily  concerned  in  the 
clotting  is  also  clearly  shown  by  the  fact  that  the  plasma  has  all  the 
powers  of  clotting  in  the  absence  of  the  reds.  But  here  again,  just  as 
with  the  whites,  it  is  possible  to  isolate  from  the  red  corpuscles  a  sub- 
stance which  acts  exactly  like  the  substance  from  the  whites  and  causes 
clotting.  The  fact,  then,  that  it  is  possible  to  isolate  from  the  white 
corpuscles  a  substance  which  hastens  coagulation  is  no  argument  that 
the  white  corpuscles  play  a  part  in  normal  clotting,  since  exactly  the 
same  argument  applies  also  to  the  reds,  which  are  universally  admitted 
to  play  no  part  in  the  process.  It  is  a  very  interesting  fact  that  while 
the  intact  red  corpuscles  are  quite  inert  toward  the  clotting  process,  yet 
if  the  hemoglobin  be  separated  from  the  stroma  it  is  found  that  the 
stroma  is  very  toxic,  its  injection  produces  intravascular  clotting  and 
when  added  to  shed  blood  it  greatly  accelerates  clotting.  There  is  no 
good  evidence,  then,  that  either  the  reds  or  the  whites  are  concerned 
in  the  normal  clotting  of  blood,  and  we  may  now  turn  to  the  blood  plates, 
the  other  morphological  constituent  of  the  plasma.  Practically  all 
authorities  are  of  the  opinion  that  these  play  a  vital  part  in  the  clotting, 
since  the  addition  of  these  to  blood  enormously  accelerates  the  clotting 
process. 

Bole  of  Hood  plates  in  clotting.  "We  now  enter  one  of  the  most  dis- 
puted fields  of  the  morphology  of  the  blood,  for  there  is  no  unanimity 
of  opinion  as  to  the  nature  and  origin  of  the  blood  plates,  or  indeed 
whether  they  pre-exist  in  the  blood  in  the  vessels.  But  whether  they 
pre-exist  or  appear  only  after  shedding,  they  play  a  part  in  clotting, 
and  in  fact  their  appearance  is  the  first  visible  sign  of  the  changes  of 
the  plasma  resulting  in  clotting.  The  platelets  are  generally  disk-  or 
spindle-shaped  bodies  without  color,  about  1.5-3  m  in  diameter.  In  other 
words,  they  are  about  one-third  to  one-seventh  the  diameter  of  a  red  blood 
corpuscle.  They  may  be  present  in  enormous  numbers,  as  many  as 
800,000  per  c.mm.  of  blood  in  dog,  or  human  blood,  or  they  may  be 
quite  absent,  as  in  bird's  blood  and  the  blood  of  the  lower  verte- 
brates. Normal  human  blood  contains  about  300,000  pe'r  cu.  m.m. 
They  may  be  fixed  by  osmic  acid.  When  first  separated  from  oxalated 
blood  by  centrifugalization  they  redissolve  readily  in  dilute  alkaline 
salt  solutions,  but  after  a  short  separation  they  lose  this  power  of 
dissolving  and  become  converted  into  a  fibrinous  mass.  It  is  very  diffi- 
cult to  decide  whether  they  are  to  be  considered  as  morphological  cells, 
as  they  ?ire  at  present  generally  considered,  or  whether  they  are  to 
be  regarded  as  liquid  crystals.    It  is  well  known  that  supersaturated 
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liquids  form  crystalline  deposits  with  the  greatest  ease,  so  that  it  is  quite 
possible  that  we  have  in  the  blood  plasma  normally  something  in  the 
nature  of  a  supersaturated  solution  of  the  materials  from  which  the 
plates  are  formed  and  that  this  deposits  the  plates  very  quickly  on 
contact  with  foreign  substances.  Something  of  a  very  similar  kind 
appears  to  happen  in  the  cell  nucleus  and  to  result  in  the  sudden 
appearance  of  the  nuclear  chromosomes.  It  has  recently  been  shown  by 
Chambers  that  the  chromosomes  may  appear  very  suddenly  in  the  clear 
homogeneous  nuclei  of  the  sperm  mother  cells  of  the  testis  of  grass- 
hoppers. The  chromosomes  appear  whenever  the  cell  is  irritated,  and 
their  appearance  inaugurates  the  phenomena  of  cell  division  just  as 
the  appearance  of  the  plates  inaugurates  the  process  of  clotting.  The 
chromosomes  are  also  organized  substances  of  definite  shape  and,  like 
the  plates,  are  often  disk-shaped.  The  phenomena  of  the  appearance 
of  the  plates  from  the  plasma  has  been  particularly  studied  by  Wool- 
d ridge.  If  horse's  blood  is  cooled,  the  corpuscles  separate  and  the 
plasma  may  be  removed.  The  same  result  is  had  with  dog's  peptone 
blood.  The  corpuscles  are  separated  by  centrifugalization.  The  plasma 
which  results  is  perfectly  clear  at  the  temperature  of  the  body,  but  if 
it  be  cooled  to  about  zero  degrees  there  comes  out  of  it  a  precipitate  of 
platelets.  This  precipitate  is  not  an  amorphous  precipitate,  but  is  made 
up  of  clear,  granular  refractive  disks,  which  look  like  imperfect  protein 
crystals.  On  warming  the  blood  plasma  the  platelets  swell  and  redis- 
solve  and  may  be  reseparated  by  cooling.  The  little  plates  thus  sepa- 
rated from  the  plasma  look  exactly  like  very  small  colorless  red  blood 
cells  and  when  slightly  warmed  they  coalesce  and  may  form  larger 
disk-shaped,  colorless  structures  of  the  shape  and  size  of  a  red  blood 
corpuscle.  If  after  separating  them  in  the  cold,  the  precipitate  with 
some  plasma  is  warmed  slightly,  the  disks  lose  their  crystalline  appear- 
ance and  rounded  or  spindle  shape  and  stick  together  in  rows  and  clumps 
of  granules  which  form  fibrinous  strings  and  become  insoluble.  They 
become  changed  to  typical  fibrin  (Wooldridge,  Schittenhelm  and 
Bodong).  The  disks  when  they  first  appear  look  like  the  incompletely 
crystalline  stage  of  proteins.  Their  behavior  reminds  one  of  the  liquid 
crystals  described  by  Lehman.  Wooldridge  concluded  that  they  were 
in  reality  crystalline.  By  many  authors  they  are  supposed  to  be  alive, 
because  they  show  amoeboid  changes  of  form.  But  this  again  is  a  char- 
acteristic of  some  liquid  crystals.  Such  crystals  also  have  the  power 
of  changing  their  shapes  and  to  make  refractive  myelin-like  forms  resem- 
bling protoplasm.  It  is  possible,  of  course,  that  in  some  bloods  they  are 
present  in  such  amount  that  they  may  be  in  part  precipitated  in  the 
circulating  blood.  The  plates  have  been  collected  by  Wooldridge  and 
their  chemical  composition  seems  to  be  identical  with  that  of  the  stroma 
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of  the  red  blood  cells  and  like  the  protoplasm  of  the  whites.  They  resenv 
ble  this  stroma,  also,  in  their  physiological  action,  as  we  shall  see.  They 
contain  a  protein,  fibrin  and  various  lipins,  such  as  a  phospholipin, 
thrombin  and  a  proteolytic  ferment.  They  closely  resemble  the  stroma 
of  the  red  corpuscles  of  birds'  blood,  as  the  stroma  also  has  the  power  of 
clotting  and  yielding  fibrinogen. 

It  was  believed  by  Lillienfeld  and  Pekelharing  that  these  plates-were 
composed  of  nuclein.  This  belief  was  based  on  the  fact  that  they  were 
soluble  in  dilute  alkalies,  precipitated  by  dilute  acids,  were  soluble  in 
strong  NaCl,  contained  phosphorus,  stained  with  methyl  green  and  basic 
dyes,  and  that  they  left  a  phosphoric  acid  containing  residue  when 
digested  with  pepsin  HCl.  Small  amounts  of  nuclein  bases  may  be 
obtained  from  them.  But  all  these  characteristics,  except  the  last,  are 
possessed  by  the  lecithoproteins  as  well  as  the  nucleins,  and  Wooldridge 
showed  that  the  phosphoric  acid  in  the  residue  was  soluble  in  great  part 
in  alcohol.  "We  know,  besides,  that  particularly  the  phospholipins  have 
this  property  of  forming  liquid  crystals.  While,  then,  the  origin,  and 
indeed  the  proper  interpretation  of  the  blood  plates,  is  thus  still  in 
many  points  obscure,  we  may  consider  their  relation  to  clotting.  It  may 
be  said,  in  passing,  that  the  interpretation  of  the  clotting  of  the  blood 
really  rests  on  the  determination  of  the  origin  and  significance  of  the 
plates. 

If  any  foreign  substance  wet  by  the  blood  is  put  into  the  blood 
stream,  such  as  a  needle  or  a  thread  put  through  a  vein  or  artery,  it  is 
found  that  the  foreign  substance  becomes  covered  with  a  deposit  of 
plates  and  that  this  deposit  becomes  covered  by,  or  is  partially  con- 
verted into,  fibrin.  Moreover,  when  platelets  are  added  to  plasma  and 
the  latter  clots,  it  will  be  observed  that  the  platelets  are  the  centers  from 
which  the  fibrin  formation  starts.  The  relation  of  the  plates  to  clotting 
was  also  shown  by  Wooldridge  as  follows:  Dog's  blood,  which  is  inco- 
agulable from  the  injection  of  peptone,  becomes  coagulable  if  a  stream 
of  CO2  passes  through  it.  The  same  is  true  of  the  peptone  plasma,  pro- 
vided the  dose  of  peptone  has  not  been  too  large.  Peptone  plasma  will 
clot  spontaneously  if  CO2  is  passed  through  it,  or  if  acetic  acid  is  added 
to  the  plasma,  or  if  the  plasma  be  diluted  with  two  or  three  volumes  of 
water,  but  it  will  not  clot  spontaneously  if  diluted  with  two  or  three 
volumes  of  1  per  cent.  NaCl.  Wooldridge  found  that  if  such  coagulable 
plasma  was  cooled  to  a  low  temperature  and  the  platelet  stuff  centrifu- 
galized  out  of  the  blood  and  the  plasma  then  filtered  through  several 
thicknesses  of  filter  paper  so  that  the  plasma  was  perfectly  clear  and 
free  from  plates  (A-fibrinogen,  as  he  called  it),  the  plasma  had  lost  its 
power  of  clotting  when  diluted  with  water  or  when  CO,  was  passed 
through  it,  but  it  reobtained  its  power  if  the  platelets  either  suspended 
in  a  little  plasma  or  redissolved  in  very  dilute  alkaline  salt  solution  were 
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added  to  it.  Moreover,  this  plate  material  separated  and  dissolved  in 
the  manner  indicated  had  the  property  when  injected  into  the  circula- 
tion of  an  animal,  of  causing  intravascular  clotting,  in  this  respect 
resembling  the  stroma  of  the  blood  corpuscles  or  extracts  of  the  various 
tissues.  There  can  be  no  doubt,  then,  from  these  facts  that  the  stuff 
known  as  blood  platelets  stands  in  some  very  important  relation  to  clot- 
ting. They  seem  to  resemble  chemically  and  in  action  the  substances 
(fibrinogens)  obtained  from  the  tissues  and  from  the  wounded  cells  and 
tissues.  A  further  very  important  fact  is  that  the  amount  of  fibrin 
recovered  from  plasma  by  the  addition  of  plates  to  it  increases  with  the 
amount  of  platelet  stuff  added,  so  that  Wooldridge  believed  that  the 
platelet  stuff  actually  contributed  to  the  substance  of  the  clot,  as  well  as 
acting  as  a  starter  of  the  process  of  clotting.  This  view  has  now  been 
substantiated.    Exactly  the  same  fact  holds  for  tissue  fibrinogen. 

Prothromhin  and  thrombm.  So  far,  we  have  seen  that  the  plasmt 
contains  all  the  elements  necessary  for  the  clotting  as  long  as  the  plasma 
contains  platelets  or  the  substance  A-fibrinogen,  which  gives  rise  to  the 
platelets.  There  remains,  however,  another  factor  to  be  considered.  It 
has  been  found  that,  after  plasma  has  clotted  and  the  serum  separated, 
the  serum  always,  or  nearly  always,  contains  a  substance  which  was  not 
in  the  plasma  and  which  has  a  remarkable  action  on  the  clotting  of 
Hammarsten's  fibrinogen.  This  substance  is  known  as  thrombin,  or 
fibrin  ferment.  It  is  better  to  call  it  thrombin,  since  there  is  no  evidence 
that  it  is  a  ferment,  although  it  may  be  one.  If  blood  serum  is  pre- 
cipitated by  adding  to  it  four  volumes  of  strong  alcohol  and  the  pre- 
cipitate allowed  to  stand  under  alcohol  for  two  to  four  weeks,  all  the 
proteins  of  the  precipitate  are  coagulated  by  the  alcohol.  If  now  this 
coagulum  be  extracted  with  water,  or  dilute  sodium  chloride  solution, 
an  organic  substance  goes  into  solution  and  this  solution  added  to  a 
solution  of  Hammarsten  's  fibrinogen  causes  it  to  clot  in  a  typical  fashion. 
Furthermore,  although  its  action  is  somewhat  quicker  in  the  presence  of 
calcium  salts  and  in  the  absence  of  oxalate,  yet  it  will  clot  the  fibrinogen 
solution  in  the  presence  of  oxalate.  The  substance  in  the  solution  which 
has  this  property  of  clotting  fibrinogen  is  destroyed  by  continued  heat- 
ing to  60°.  It_was  called  fibrin  ferment  by  Schmidt,  its  discoverer,  but 
is  now  generally  called  thrombin.  Nothing  is  known  about  the  nature 
of  this  substance.  Lillienfeld  and  Pekelharing  believed  it  to  be  a 
nucleoprotein,  but  it  is  probably  not  a  nucleoprotein.  There  are  rea- 
sons for  thinking  that  it  originates  from  the  platelets,  and  these  are 
almost  certainly  not  nucleoprotein  and  contain  none.  Its  nature  is 
unknown.  Now  thrombin  does  not  pre-exist  in  the  blood.  Like  fibrin, 
it  appears  only  if  the  clotting  has  occurred.  It  is  an  accompaniment  of 
the  clotting  process,  and.  with  as  much  .iustification  as  fibrin,  is  to  be 
regarded  as  the  result  of  the  clotting  process,  but  not  its  cause.     It  is. 
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however,  generally  believed  by  most  physiologists  from  Schmidt's  time 
to  be  the  cause  of  clotting.  Both  Wooldridge  and  Nolf  have  urged  grave 
reasons  for  disbelieving  that  it  is  the  appearance  of  this  body  which 
inaugurates  the  process  of  clotting  normally.  There  is  one  reason  which 
appears  to  the  writer  to  be  practically  conclusive  that  the  appear- 
ance of  this  substance  is  not  the  cause  of  normal  clotting:  that  is  the 
astonishing  fact -that  enormous  amounts  of  it  may  be  injected  into  the 
circulation  without  causing  any  intravascular  clotting.  Now,  if  it  be 
assumed  that  there  is  some  anti-clotting  substance  normally  present 
which  is  counteracting  its  action  and  keeping  blood  fluid,  there  cannot 
be  the  quantity  required  to  hold  back  the  action  of  so  much  of  this  sub- 
stance. A  very  small  amount  of  thrombin  will  cause  clotting  of  a 
fibrinogen  solution  in  the  test-tube,  but  one  can  run  in  nearly  as  much 
thrombin  as  there  is  of  fibrinogen  in  the  blood  without  causing  any 
intravascular  clotting  and  without  producing  any  change,  or  more  than 
a  slight  change,  in  the  clotting  power  of  the  blood.  Now  it  is  very  aston- 
ishing, if  thrombin  is  the  cause  of  clotting  and  the  formation  of  minute 
amounts  of  this  substance  in  the  shed  blood  causes  its  clotting,  that 
the  injection  of  large  amounts  of  thrombin  into  the  blood,  which  con- 
tains already  fibrinogen  and  calcium  salts,  has  no  effect  at  all.  The 
result  is  the  more  astonishing  since  the  injection  of  very  little  tissue 
extract,  or  blood  platelet  material,  causes  clotting  both  within  and  with- 
out the  body  with  the  greatest  ease.  Moreover,  these  same  substances 
will  clot  peptone  plasma  outside  the  body,  whereas  thrombin  does  not 
clot  it.  These  facts  do  not  seem  to  have  been  properly  appreciated  by 
most  writers  who  have  accepted  Schmidt's  view.  They  constitute,  in 
the  writer's  opinion,  an  insurmountable  objection  to  the  present  view, 
that  the  first  thing  that  happens  in  clotting  is  the  formation  of  thrombin, 
and  that  this  latter  causes  clotting  by  making  fibrin  out  of  fibrinogen. 
Wooldridge,  because  of  these  facts  and  others,  held  thrombin  to  be  a 
result  of  clotting,  not  to  be  a  ferment,  and  maintained  that  the  fact 
that  thrombin  would  not  clot  blood  intravascularly  showed  that  blood 
did  not  contain  the  substance  known  as  Hammarsten's  fibrinogen,  but 
that  the  latter  had  been  formed  from  the  real  fibrinogen  of  the  blood, 
which  he  called  B-fibrinogen,  by  the  actions  necessary  to  separate  it. 

Since  thrombin  did  not  exist  in  the  plasma  before  clotting,  but 
appeared  after  clotting,  Schmidt  and  his  pupils  concluded  that  there 
must  be  an  antecedent  substance  there  which  was  called  prothrombin, 
but  which  has  also  been  named  thromiogen,  to  indicate  that  it  gave  rise 
to  thrombin.  According  to  Schmidt,  thrombogen  was  not  present  in  the 
plasma,  but  was  set  free  from  the  leucocytes  when  the  latter  disinte- 
grated. This  is  the  generally  accepted  belief  at  the  present  time,  but  it 
is  not  well  grounded.  There  is  no  suiBcient  evidence  that  the  leueocs^tes 
go  to  pieces  in  shed  blood;  Schmidt's  evidence  that  the  substance  came 
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from  the  leucocytes  was  vitiated  by  the  fact  that  he  neglected  the  plate- 
lets ;  it  is  the  platelets,  not  the  leucocytes,  which  added  to  peptone  blood 
cause  clotting,  and  it  is  from  the  platelets,  not  the  leucocytes,  that  the 
prothrombin  appears  to  be  derived. 

The  role  of  calcium  salts.  There  is  no  doubt  that  calcium  salts  play 
an  important  role  in  clotting  (Gireen,  Arthus).  They  are  not  necessary 
for  the  clotting  of  fibrinogen  solutions  by  thrombin,  but  such  solutions 
will  not  clot  on  the  addition  of  platelets  unless  calcium  salts  are  present, 
and  the  calcium  must  be  in  an  ionized  form.  The  salts  are  supposed 
to  act,  hence,  by  converting  thrombogen,  or  prothrombin,  into  thrombin. 

Explanaiion  of  the  clotting  process  by  Morawitz  and  Fuld  and  Spira. 
According  to  the  wofk  of  Morawitz  and  Fuld  and  Spiro,  the  leucocytes 
contain  proferment,  or  thrombogen.  This  thrombogen  in  the  presence 
of  calcium  salts  is  converted  by  tissue  extract,  which  they  call  throm- 
bokinase,  into  an  active  thrombin.  The  thrombin,  in  some  unknown  way, 
converts  the  fibrinogen  of  the  blood  into  fibrin.  Blood  remains  fiuid 
in  the  vessels  of  the  body,  because  there  is  no  thrombokinase  present. 
This  is  supplied  by  the  blood  coming  in  contact  with  the  tissues  of  the 
body.  These  authors,  then,  make  the  clotting  of  the  blood  analogous  • 
to  the  digestion  of  fibrin  by  pancreatic  juice.  The  latter  is  supposed  to 
have  its  trypsinogeh  converted  to  trypsin  by  the  action  of  the  entero- 
kinase  of  the  intestine  in  the  presence  of  calcium  salts.  Thrombin, 
according  to  this  view,  is  really  an  enzyme,  and  it  is  the  thrombin  of 
the  blood  which  causes  clotting.  This  view  encounters  two  or  three  main 
objections.  First,  there  is  no  evidence  that  the  thrombin  is  a  ferment, 
but  on  the  contrary  it  can  be  shown  that  it  unites  with  the  fibrin ;  and 
the  amount  of  fibrin  formed  is  pretty  strictly  proportional,  when  the 
conditions  are  kept  constant,  to  the  amount  of  thrombin  added.  In  the 
second  place,  the  thrombokinase,  which  they  supposed  to  be  killed  by 
heat,  is  in  reality  heat  resistant,  and  Wooldridge  showed  that  it  was  a 
phospholipin,  but  distinct  from  the  usual  lecithin  of  eggs.  Howell  has 
shown  that  it  belongs  to  the  cephalin  group  of  phospholipins.  There  is 
no  evidence  that  the  conversion  of  the  fibrinogen  into  fibrin  is  of  the 
nature  of  a  proteolytic  digestion,  although  there  is  no  evidence  against 
this  view,  either.  They  cannot  explain  how  it  happens  that  the  addition 
of  very  little  of  cephalin,  or  extract  containing  it,  clots  the  blood  far 
better  than  the  addition  of  thrombin  itself. 

View  of  Nolf  and  Howell.  To  account  for  the  fact  that  the  blood 
remains  fluid  in  the  body,  although  it  contains  all  the  materials  for 
clotting,  the  simplest  explanation  is  that  there  is  present  some  antago- 
nistic substance  which  prevents  clotting.  This  view  has  been  suggested 
from  various  sources  from  "Wooldridge  down  and  has  recently  been 
advocated  by  Nolf  and  Powell.    Accordilig  to  Nolf,  the  bipod  contains 


534  PHYSIOLOGICAL    CHEMISTRY 

a  substance  called  hepatothrombin  to  indicate  that  it  is  formed  by  the 
liver.  This  hepatothrombin  unites  with  leucothrombin  (the  thrombogen 
of  other  authors)  to  form  thrombin.  Leucothrombin  is  supposed  to  come 
from  the  leucocytes,  hence  its  name,  ^^ccording  to  Nolf ,  hepatothrombin 
by  itself  unites  with  fibrin  and  holds  it  in  solution  so  that  it  cannot  be 
precipitated.  There  is  normally  a  slight  excess  of  hepatothrombin  in 
the  blood  so  that  it  keeps  the  blood  fluid,  but  when  blood  is  shed  there 
is  a  discharge  of  leucothrombin  from  the  leucocytes.  The  leucothrombin 
then  unites  with  the  hepatothrombin,  and  the  two  together  with  calcium 
make  thrombin;  this  then  unites  with  the  fibrinogen,  and  the  three 
make  fibrin.  It  happens  that  there  is  a  slight  excess  of  thrombin  in 
the  blood  so  that  some  remains  in  solution  in  the  serum  after  the  clot- 
ting has  taken  place.  Nolf 's  hepatothrombin  corresponds  in  a  general 
way  with  Wooldridge's  A-fibrinogen  and  with  other  tissue  thrombins 
or  fibrinogens.  The  hepatothrombin  is  what  others  have  called  anti- 
tlirombin.  In  later  work  Nolf  modified  this  view  somewhat.  According 
to  Howell,  the  process  is  a  little  different.  The  blood  remains  fluid  in  the 
body  because  there  is  an  excess  of  antithrombin  there.  This  anti- 
tlirombin  is  probably  formed  by  the  liver.  The  coagulative  action  of 
tissue  extracts  is  due  to  the  fact  that  they  contain  a  cephalin-like  body, 
as  Wooldridge  thought,  but  this  cephalin-like  body  causes  the  clotting  by 
uniting  with  the  antithrombin  and  thus  getting  it  out  of  the  way.  In 
the  absence  of  antithrombin  the  thrombogen  is  converted  into  thrombin 
by  the  action  of  the  calcium  and  unites  with  the  fibrinogen  to  make 
fibrin.  This  view  is  in  many  ways  like  Nolf 's,  although  the  terminology 
is  somewhat  different.    Both  recall  the  work  of  Wooldridge. 

Wooldridge's  view.  It  will  be  obvious  from  this  brief  consideration 
how  obscure  the  process  is.  Nearly  all  observers  have  neglected  a  pos- 
sible change  in  the  fibrinogen  and  have  concentrated  their  attention  on 
the  thrombin  and  the  changes  it  undergoes.  Hammarsten's  fibrinogen 
may  not  exist  in  the  blood  as  such.  The  mere  fact  that  there  is  a  pro- 
tein often  present  which  will  coagulate  at  56°,  the  temperature  of  coagu- 
lation of  fibrinogen,  and  that  fibrinogen  can  be  isolated  from  the  blood, 
is  not  conclusive  evidence  that  the  fibrinogen  exists  there  in  an  uncom- 
bined  form  as  it  does  in  the  fibrinogen  solution.  It  must  be  remembered 
that  so-called  tissue  fibrinogens  not  clotting  with  fibrin  ferment,  but 
eoagulable  at  56",  can  be  isolated  from  a  great  variety  of  tissues  of  the 
body.  In  these  circumstances  of  great  confusion  it  is  better,  in  my 
opinion,  to  go  back  to  the  work  of  Wooldridge,  whose  writings  are  the 
clearest  and  freest  from  preconceived  ideas  of  any  who  have  worked  on 
this  subject.  A  word  may  not  be  out  of  place  here  about  this  talented 
man,  who  was  far  ahead  of  his  time  in  this  work.  His  work  has  suffered 
a  most  unmerited  neglect  and  his  observations  have  been  rediscovered 
since  by  those  who  were  ignorant  of  his  precedence.  Wooldridge  started 
with  the  Schmidt  view  of  the  importance  of  leucocytes  in  clotting,  but 
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he  clearly  showed  in  1883-88  the  untenability  of  this  view.  He  sixowed 
the  predominant  place  of  the  platelets  in  clotting  and  proved  that  these 
bodies  were,  in  part  at  least,  in  solution  in  the  blood  and  that  they  were 
to  be  considered  as  crystals  rather  than  as  morphological  elements.  It 
was  Wooldridge  who  discovered  the  intravascular  clotting  by  tissue 
extracts  and  that  the  acceleration  of  the  clotting  by  these  extracts  and 
the  plate  material  was  due  to  the  alcohol-soluble  lecithin-like  body  in 
them.  This  body  was  not  lecithin  itself,  since  the  lecithin  from  eggs 
had  no  such  influence.  It  was  he  again  who  maintained  at  that  time 
that  the  clotting  of  the  blood  was  in  the  nature  of  the  crystallization  of 
some  supersaturated  liquid,  and  that  view  has  now,  within  the  past 
few  years,  been  demonstrated  to  be  correct.  Wooldridge,  a  young 
man,  was  opposed  to  the  views  on  coagulation  of  Schmidt  and  his  school, 
views  which  were  at  that  time,  as  at  present,  the  dominant  views,  although 
he  showed  their  weakness.  This  opposition  secured  for  him  the  enmity 
or  opposition  of  his  older  colleagues  in  England,  and  the  Royal  Society 
refused  to  publish  the  Croonian  Lecture  which  he  delivered  before  them,  • 
but  buried  it  in  their  archives,  and  it  was  only  published  after  his  death. 
There  is  no  doubt  that  that  lecture  was  far  ahead  of  any  treatise  at  that 
time  on  the  coagulation  of  the  blood.  This  lecture,  together  with  that 
entitled  "  Blood  Plasma  and  Protoplasma, "  and  his  reports  to  the 
Grocers'  Committee  are  among  the  most  lucid  and  able  treatises  on 
coagulation  and  should  be  read  by  anyone  who  wishes  to  know  the 
coagulation  of  the  blood.  The  great  difBculty  in  the  way  of  the  problem 
of  coagulation  at  the  present  day  arises  from  the  attempt  to  harmonize 
the  facts  of  coagulation  with  the  facts  of  immunity  and  with  those  of 
the  action  of  .digestive  enzymes.  Ail  of  these  subjects  are  in  the  greatest 
confusion  from  the  complexity  of  the  problems.  It  is  probable  that  they 
all  have  the  same  basis.  In  all  the  same  elements  are  found:  namely, 
phospholipins,  an  enzyme-like  substance,  calcium  salts,  carbon  dioxide 
and  a  protein.  In  nearly  all  cases  the  substance  coagulates  at  about  56°. 
Study  of  the  coagulation  of  the  blood  will  no  doubt  elucidate  these 
other  processes,  also. 

Wooldridge  very  carefully  avoided  giving  any  names  to  his  sub- 
stances which  might  indicate  a  preconceived  view  of  the  role  they  were 
playing.  According  to  his  view,  blood  plasma  contained  two  fibrinogens, 
A-fibrinogen  and  B-fibrinogen.  C-fibrinogen  was  the  ordinary  fibrinogen 
of  Hammarsten,  but  it  did  not  pre-exist  in  the  blood  in  more  than  very 
small  amounts.  A-fibrinogen  gave  rise  to  B-fibrinogen,  and  this  in  turn 
■  to  C-fibrinogen,  and  this  to  fibrin.  A-fibrinogen  was  the  substance  which 
constituted  the  blood  plates.  This  was  in  solution  in  the  plasma.  Blood 
plasma  was  like  protoplasma  and  was  indeed  nothing  else  than  a  dilute 
protoplasma.  Now,  in  consequence  of  various  actions  when  blood  was 
shed,  there  was  a  change  in  this  very  unstable  form  of  material.  Tho 
first  change  was  the  precipitation  of  some  of  the  A-fibrinogen.    When- 
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ever  this  was  precipitated  the  equilibrium  of  the  plasma  was  upset  In 
some  way  and  chemical  changes  were  set  up.  The  A-fibrinogen  sep- 
arated from  the  plasma  became  changed  into  fibrin,  and  one  of  the 
products  of  the  change  was  thrombin.  The  action  of  calcium  salts  in 
hastening  this  change  was  unknown  to  Wooldridge.  The  main  difference 
between  the  various  forms  of  fibrinogen  and  fibrin  was  supposed  to  be  a 
difference  in  the  proportion  of  phospholipin  they  contained  united  with 
the  protein.  This  view  is,  of  course,  inadequate,  but  it  has  the  greal 
advantage  of  being,  in  a  sense,  a  physico-chemical  explanation  and  iu 
free  from  the  preconceptions  of  complement,  amboceptors  and  antibodies 
which  enshroud  most  modern  views  in  an  impenetrable  cloud  of  misun- 
derstanding and  confusion. 

Summary  of  the  clotting  of  the  blood. — To  unravel  this  tangled  skein 
and  to  solve  the  mystery  of  the  coagulation  of  the  blood  we  must  adopt 
the  methods  of  those  immortal  detectives,  Lecocq  and  Sherlock  Holmes. 
We  must  put  ourselves  in  the  place  of  the  criminal,  in  this  case  Mother 
Nature,  and  by  seeing  clearly  the  problem  she  had  to  solve  form  a  clear 
idea  of  the  probable  methods  employed.  The  problem  was  in  its  essen- 
tials this:  The  great  object  or  trend  of  evolution  has  been  to  develop 
consciousness  and  reason.  These  properties  depend  in  some  way  or 
other  which  we  do  not  understand  upon  a  certain  structure,  such  as 
exists  in  the  brain,  and  upon  a  most  irritable  and  unstable  form  of 
living  matter.  This  living  matter  requires  an  unusual  amount  of 
oxygen.  It  is  conscious  only  when  the  flames  of  its  burning  are  leaping' 
high.  Permit  the  fire  to  die  down  and  consciousness,  reason,  all  the 
higher  traits  of  the  mind  are  lost.  It  was  necessary  then  not  only  to 
provide  a  brain,  but  above  all  the  nervous  system  must  be  supplied  with 
an  abundance  of  oxygen,  that  the  fires  might  bum.  The  solving  of  thib 
problem  of  supplying  oxygen  was  not  difficult.  Hemoglobin  was  in^ 
vented,  it  was  packed  into  thin  corpuscles,  so  that  more  could  be  carried 
under  the  most  favorable  conditions,  lungs  were  made  and  the  blood 
was  confined  to  a  closed  vascular  system  and  driven  at  a  high  rate  of 
speed  from  lungs  to  brain  by  a  clev€r  pump,  the  heart.  As  the  demand 
for  more  oxygen  increased  as  the  nervous  system  developed,  more 
hemoglobin  was  put  in  the  blood,  and  the  blood  was  driven  faster  and 
faster,  under  a  greater  and  greater  pressure.  Now  as  a  result  of  this 
great  pressure  danger  arose  of  the  rupture  of  the  blood  vessels  and 
hemorrhage  from  wounds.  To  safeguard  from  this  danger  the  clotting 
of  the  blood  was  devised.  The  problem  was  this:  how  can  the  blood  be 
made  to  clot  instantly  when  it  is  shed  from  the  ruptured  blood  vessels, 
but  yet  be  in  no  danger  of  clotting  in  the  blood  vessels  themselves.  This, 
problem  was  solved  in  the  very  simple  manner  of  putting  some  of  th» 
clotting  factors  in  the  blood  and  another  highly  important  one  in  the 
tissues.  In  the  blood  was  placed  fibrinogen  and  blood  platelets;  but 
these  do  not  interact.    In  the  tissues  was  placed  the  other  factor,  tissue 
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■fibrinogen,  so  that  as  soon  as  the  blood  should  escape  from  the  blood 
vessel  it  would  clot.  A  further  step  was  taken  when  the  tissue  fibrinogen 
was  placed  in  greatest  amounts  in  those  tissues  in  which  the  danger  to 
life  following  hemorrhage  was  greatest,  namely,  first  and  foremost  in 
the  lungs,  second  in  the  brain,  third  in  the  kidney.  In  birds '  blood  there 
is  practically  no  tissue  fibrinogen  in  the  blood  but  in  mammalian  blood 
there  is  a  very  little  in  the  blood  itself,  so  that  clotting  of  the  latter  may 
occur  without  tissue  admixture,  although  the  latter  enormously  ac- 
celerates and  is  the  usual  cause  of  the  clotting.  The  exact  details  of  the 
method  by  which  the  tissue  fibrinogen  acts  on  the  blood  to  cause  clotting 
are  still  obscure.  But  with  this  fundamental  conception  of  the  separa- 
tion of  the  two  elements  which  cause  clotting  into  those  in  the  blood 
and  those  in  the  tissues,  the  general  problem  appears  in  a  far  clearer 
light. 

This  conception  of  Nature  as  acting  in  an  intelligent  manner  to 
secure  definite  ends  will  no  doubt  be  repugnant  to  many,  but  I  am 
convinced  that  its  general  adoption  as  an  aid  to  investigation,  though 
not  as  a  tenet  of  belief,  would  save  science  from  many  of  the  grievous 
errors  into  which  a  failure  to  realize  the  cardinal  facts  of  adaptation 
have  led  in  the  past  few  years. 

The  clotting  of  the  blood  is  essentially  the  crystallization  of  a  protein 
substance,  fibrin,  in  the  form  of  liquid  crystals  which  coalesce  to  form 
fibrin  strings.  Whether  the  crystalization  of  this  substance  is  due  to  the 
fact  that  the  fibrin  has  been  held  in  solution  by  its  union  with  some 
substance  which  is  dissociated  from  it  at  the  time  of  clotting,  or  whether 
it  may  be  that  the  fibrin  does  not  pre-exist  in  the  blood  as  such  but  in  the 
form  of  a  soluble  precursor,  fibrinogen,  cannot  be  said  with  certainty. 
When  blood  is  shed,  and  particularly  when  it.  comes  in  contact  with 
wounded  tissue,  this  crystallization  occurs.  Tissues  contain  substances 
which  hasten  the  clotting.  There  is  in  blood  plasma  a  substance  which 
may  appear  in  the  form  of  the  structural  elements  known  as  blood  plates. 
This  substance  has  the  property  of  hastening  clotting.  Calcium  salts 
are  also  necessary  to  clotting.  There  appear  in  the  blood  as  the  result 
of  clotting  two  new  substances;  one  of  these,  called  thrombin,  has  the 
property  of  clotting  fibrinogen  solutions  but  not  circulating  blood.  The 
other  is  known  as  serum  fibrinogen.  Its  relation  to  the  clotting  is  not 
known.  Clotting  is  very  much  hastened  by  and  generally  dependent 
upon  contact  with  some  foreign  substance.  Such  substances  appear  to 
act  as  the  points  of  deposition  of  the  crystals  of  the  blood  plates,  and 
from  this  separation  the  fibrin  crystallizes  out.  The  process  of  clotting 
is  greatly  accelerated  by  the  intravascular  injection  of  tissue  extracts. 
How  these  various  facts  are  interacting  is  still  uncertain,  but  various 
theories  have  been  given  to  explain  them.  None  of  these  explanations 
are  satisfactory.  The  process  has  many  points  of  resemblance  with  the 
hemolysis  of  the  red  blood  corpuscles.    There,  as  in  the  blood,  a  crystal- 
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line  substance  comes  out  when  its  union  with  a  lecithoprotein  is  broken. 
It  is  suggested  that  the  lecithoprotein  holding  the  fibrinogen  in  solution 
is  the  serum  fibrinoglobulin  which  appears  in  the  serum  when  the  fibrin 
crystallizes  out.  The  origin  of  the  fibrinogens  is  still  obscure,  but  the 
general  resemblance  in  chemical  composition  of  the  plates  and  the  stroma 
of  red  and  white  corpuscles  would  suggest  the  derivation  of  one  from 
the  other.  The  role  of  the  liver  in  the  formation  of  the  fibrinogen  would 
thus  be  explained,  also.  It  is  clear  that  the  whole  subject  of  the  clot- 
ting of  the  blood  is  a  very  attractive  field  for  study  from  the  modern 
point  of  view  of  colloid  chemistry  and  liquid  crystals. 

The  following  view  is  suggested  very  tentatively  as  harmonizing  many 
of  the  facts  of  coagulation:  Blood  plasma  is  a  very  unstable,  supersatu- 
rated solution  corresponding  to  a  very  dilute  protoplasm.  Its  insta- 
bility may  be  upset  in  a  variety  of  ways,  these  ways  being  generally 
those  which  we  recognize  as  acting  as  stimulants  of  cells.  Among  the 
substances  in  solution  in  the  plasma  is  a  complex  of  enzymes,  calcium, 
phospholipin  and  protein,  a  complex  which  probably  corresponds  pretty 
closely  in  nature  to  the  clear,  homogeneous  substratum  in  cells.  The 
blood  plasma  is  supersaturated  with  this  substance  and  under  various 
conditions,  particularly  when  removed  from  the  blood  vessels  and  brought 
in  contact  with  foreign  matter  which  it  wets,  it  crystallizes  out.  These 
crystals  are  liquid  crystals  and,  like  many  liquid  crystals,  they  readily 
change  their  shape.  They  are  known  as  blood  platelets.  When  in  solu- 
tion they  constitute  the  substance  called  by  Wooldridge  A-fibrinogen, 
and  the  part  remaining  in  solution  may  be  called  B-fibrinogen.  The 
composition  of  this  material  may  possibly  be  of  the  following  nature: 
Proteme-fibrin-phospholipin4hromMn-calciuni-antithronibin.  This  anti- 
thrombin  is  partially  dissociable.  The  stability  of  the  whole  complex 
depends  upon  it.  If  a  little  cephalin,  or  tissue  fibrinogen  from  injured 
tissues  which  contains  cephalin  (thrombokjnase),  is  added  to  this  mix- 
ture it  combines  with  and  removes  some  of  the  antithrombin  or  unites 
with  this  complex.  What  remains  is  unstable  and  breaks  apart  between 
the  phospholipin  and  the  thrombin.  The  protease  and  fibrin  crystallize 
out  as  fibrin,  taking  with  them  some  of  the  phospholipin.  The  thrombin 
remains  in  solution.  The  protease-fibrii^-phospholipin  fragment  may  be 
what  is  called  Hammarsten  's  fibrinogen,  or  C-fibrinogen  of  Wooldridge. 
The  action  of  tissue  fibrinogen  in  offsetting  the  action  of  antithrombin 
would  be  explicable  in  the  way  suggested  by  Howell  and  others.  The 
addition  of  thrombin  to  C-fibrinogen  causes  it  to  clot,  but  even  in  the 
absence  of  thrombin  the  dissociation  of  some  of  the  phospholipin  would 
lead  to  a  slow  conversion  to  fibrin.  The  addition  of  thrombin  to  blood 
would  have  no  effect,  since  C-fibrinogen  does  not  exist  free  in  blood  itself. 
The  rapid  digestion  of  the  fibrin  by  the  protease  under  appropriate  con- 
ditions would  be  explained,  also.  It  may  be  that  the  instability  of  the 
protease-fibrin-phospholipin-thrombin  complex  is  much  greater  when  this 
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is  present  as  the  calcium  salt,  and  perhaps  greatest  of  all  when  carbon 
dioxide  is  added  to  the  other  bond  of  the  calcium.  That  there  are 
difficulties  in  the  way  of  this  view  is  self-evident  and  it  is  at  the  best  but 
tentative.  The  advantage  of  it  is  that  it  agrees,  on  the  whole,  better 
with  what  we  know  of  the  general  structure  of  protoplasm  than  the 
others  suggested.  But  the  further  development  of  this  subject  cannot  be 
taken  up  here. 

Alkalinity  of  the  blood. — Both  the  reaction  of  the  whole  blood,  as 
well  as  that  of  the  blood  plasma,  is  alkaline  toward  litmus,  but  acid 
toward  phenolphthalein.  This  means  that  there  are  very  few  hydroxyl 
ions  present  in  the  blood.  But,  while  it  is  true  that  blood  is  thus  almost 
neutral  so  far  as  its  hydrogen  ion  content  is  concerned,  it  nevertheless 
has  the  power  of  neutralizing  quite  a  large  amount  of  strong  acid  before 
its  reaction  turns  acid  to  litmus.  The  coincidence  of  these  two  properties 
means  that  blood  has  in  it  a  good  deal  of  some  very  weak  alkali,  i.e., 
NaHCOj. 

Total  alkalinity.  The  power  of  the  blood  of  neutralizing  acid  added 
to  it  without  itself  becoming  acid  to  litmus  is  called  the  total  alkalinity. 
It  is  the  total  titratable  alkali.  The  amount  of  this  titratable  alkali 
varies  with  the  amount  of  protein  present  and  under  other  circumstances. 
In  man  it  has  been  found  to  be  equivalent  to  a  sodium  carbonate  solution 
of  0.34  to  0.59  per  cent,  strength.  In  other  mammals  it  generally  lies 
between  these  extremes.  In  the  dog  it  is  0.49,  and  in  the  horse  0.44  per 
cent.  NaaCOg.  It  is  somewhat  reduced  after  violent  exercise,  in  partial 
asphyxia  and  in  diabetes.  The  alkalinity  is  said  to  diminish  rapidly 
outside  the  body,  perhaps  owing  to  the  production  of  acid  in  the  blood 
itself,  or  perhaps  for  some  other  reason. 

This  total  alkalinity  of  the  blood  is  due  to  the  presence  in  the  blood 
serum  or  plasma  and  in  the  corpuscles  of  sodium  bicarbonate,  sodium 
carbonate  and  of  a  little  Na,HP04 ;  and  to  the  presence  of  the  alkali 
salts  of  the  proteins  of  both  the  corpuscles  and  the  plasma.  When  a 
strong  acid  is  added  to  blood  it  takes  away  the  sodium  and  potassium 
from  these  weak  acids,  the  carbonic,  disodium  hydrogen  phosphate  and 
the  proteins,  to  make  the  neutral  salts  of  the  strong  acid.  All  of  these 
acids  are  very  weak,  and  accordingly  it  takes  a  large  amount  of  them  be- 
fore they  furnish  enough  hydrogen  ions  to  turn  litmus  red.  The  proteins 
of  the  blood  will  also,  in  another  way,  combine  with  the  acid  by  means  of 
their  amino  groups,  so  that  in  two  ways  proteins  neutralize  acids  pro- 
duced in  the  tissues  and  which  find  their  way  to  the  blood.  This  acid- 
combining  power  of  the  blood  is  of  very  great  importance,  for  it  is  in 
virtue  of  it  that  the  blood  is  able  to  pick  up  the  carbon  dioxide  from 
the  tissues  and  carry  it  to  the  lungs.  It  is  also  of  very  great  value  in 
caring  for  an  excessive  pathological  acid  production  in  the  tissues,  such 
as  occurs  in  diabetes.    In  this  disease  large  amounts  of  hydi-oxybutyrie 
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acid  and  aceto-acetic  acid  are  set  free  in  the  tissues  and  the  blood  must 
carry  them  to  the  kidneys  to  get  rid  of  them. 

If,  i(ft  example,  HCl  is  added  to  blood,  the  strong  acid  takes  first 
the  sodium  of  NaoCO,,  setting  free  the  very  weak  acid  HjCO.,  and  mak- 
ing NaCl.  Similarly  it  dispossesses  NajHPOi  of  its  Na  to  form  NaCl 
and  NalljPO^,  and  the  latter  is  also  a  very  weak  acid.  Finally  the 
proteins  exist  both  in  the  corpuscles  and  blood  serum  as  salts,  still  weaker 
than  these  others.  Na  globulin  and  albumin  at  first  give  up  their 
metals,  leaving  the  free  globulin,  hemoglobin  and  albumin,  and  then, 
as  more  acid  is  added,  they  unite  with  the  HCl  to  form  globulin 
and  albumin  HCl,  which  dissociate  few  hydrogen  ions.  Moreover,  the 
blood,  like  most  tissues,  possesses  a  power  of  ammonia  manufac- 
ture by  which  small  amounts  of  amino  groups  are  split  off  from  the 
proteins.  This  power  of  the  blood  of  combining  with  acid  is  called  the 
alkali  reserve.  It  is  due  principally  to  the  bicarbonate  present  and  it  is 
discussed  with  methods  of  determining  it  on  page  1042. 

Hydrogen  ion  content  of  the  hlood.  Blood,  as  so  frequently  empha- 
sized, is  a  living  tissue.  The  processes  which  occur  in  it,  the  processes 
of  clotting  and  respiration,  are  processes  probably  like  those  taking  part 
in  all  living  tissues.  Like  the  other  tissues  of  the  body,  the  blood  to  work 
at  its  best  must  be  nearly  neutral  in  reaction.  It  is  normally  very  faintly 
alkaline,  but  when  great  quantities  of  carbon  dioxide  and  other  acid  are 
poured  into  it  by  the  tissues  it  may  probably  become  nearly,  if  not  quite, 
neutral.  Normally,  however,  when  tissues  are  thus  pouring  acid  into 
the  blood  the  circulation  to  that  organ  is  so  increased  that  sometimes 
the  blood  comes  away  from  such  a  tissue  less  acid  and  less  charged  with 
carbon  dioxide  than  when  the  tissue  is  at  rest.  The  blood  often  issues 
from  the  vein  of  an  organ  doing  work  in  an  obviously  arterial  state.  It 
has  not  been  reduced. 

The  concentration  of  the  hydrogen  ions  in  the  blood  may  be  deter- 
mined most  accurately  by  means  of  the  gas-chain  method,  but  it  may 
also  be  determined  in  blood  plasma  by  means  of  indicators. 

The  gas-chain  method.  In  this  method  a  platinum  electrode  saturated 
with  hydrogen  gas  is  partially  immersed  in  the  blood,  and  another  elec- 
trode also  saturated  with  hydrogen  gas  is  partially  immersed  in  a  weak 
solution  of  hydrochloric  or  some  other  acid  of  which  the  concentration 
of  the  hydrogen  ions  is  known.  The  two  electrodes  are  now  connected 
through  an  electrometer,  and  the  solution  of  acid  and  the  blood  are 
connected  by  putting  in  between  them  a  saturated  solution  of  KCl.  The 
arrangement  is  shown  in  Figure  54.  The  hydrogen  of  the  electrodes 
tends  to  go  into  solution  as  a  positive  ion,  leaving  the  electrode  in  each 
case  negative.  There  is  thus  set  up  at  each  electrode  a  difference  of 
potential  between  the  electrode  and  the  blood  or  the  solution  in  which 
the  electrode  is  placed.    The  amount  of  the  potential  difference  between 
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the  electrode  and  the  solution  is  a  function  of  the  number  of  hydrogen 
ions  in  the  solution.  It  is  proportional  to  the  logarithm  of  the  ratio  of 
the  pressure  P  of  llie  hydrogen  in  the  electrode  to  the  pressure  of  the 
hydrogen  ions  in  the  solution,  tth',  or  the  electromotive  force  E=K  log 
P/  ^H .    If  TTg  is  the  pressure  of  the  hydrogen  ions  in  the  blood  and  n-^ 


p-iG  54  — Arrangement  of  apparatus  for  the  measurement  ot  the  hydrogen  ion  content 
of  any  fluid  (Sdrenscn).  A  contains  the  fluid  to  be  examined  and  the  thin  platinum 
electrode  which  barely  touches  the  liquid  and  is  surrounded  with  hydrogen  gas;  B  contains 
a  saturated  solution  of  KCl ;  C  is  a  0.1  normal  calomel  electrode,  voltage  against  N  acid 
0  3377  •  D  is  the  normal  element  which  enables  a  determination  of  the  potential  of  the 
accumulator  K;  P  is  a  Wheatstone bridge;  H  is  a  capillary  electrometer;  -/  a  key  permitting 
short-circuiting  ot  the  capillary  electrometer  and  the  throwing  into  it  either  the  current 
from  the  normal  element  or  the  gas  chain.  4  iS  connected  either  with  5  or  6  at  will  by  a 
stiff  copper  wire.  The  electrode  &  is  shown  somewhat  enlarged  in  Fig.  55.  This  electrode 
is  particularly  designed  for  the  inyestigation  of  the  blood,  as  fresh  blood  is  easily  introduced 
without  permitting  air  to  mix  with  the  hydrogen,  and  equilibrium  between  it  and  the 
COi  content  of  the  hydrogen  atmosphere  above  it  Is  thus  readily  obtained. 

that  in  the  acid,  then  the  potential  difference  between  the  blood  and  the 
electrode  immersed  in  it  would  be 

E  =  Klog(P/7rg) 

and  that  between  the  acid  and  the  other  electrode  would  be 

E'  =  Klog{P/»rg') 

and  the  difference  between  the  two  electrodes,  or  the  electromotive  force 
of  the  circuit  when  the  electrodes  and  the  blood  and  acid  are  connected 
in  the  manner  indicated,  would  be 

e  =  E  —  E'=  K  ( log  P/TTg  —  log  P/»rg' )  =  K  ( log  tTj^'—  log  v^  =   K  log  ( ir^'/f  h  > 

In  this  equation  the  difference  of  potential  between  the  boundaries  of 
the  solutions  is  disregarded,  but  this  can  be  neglected  when  a  strong 
connecting  solution  of  KCl  is  used,  since  the  two  ions  of  this  salt  move 
with  the  same  speed  approximately  and  so  no  difference  of  potential  is 
set  up.    Since  the  pressures  of  the  hydrogen  ions  are  proportional  to 
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the  concentrations  of  the  ions  in  the  two  solutions,  we  can  put  C^  and 
C„'  in  place  of  tt^j  and  tt^'  and  we  have  then: 

e  =  K  Iog(C'H/CH) 
The  value  of  K  is  known  to  be  .0577  volts  when  Briggs'  logarithms  are 
used  and  the  temperature  18°  C.  Hence,  if  we  measure  the  electro- 
motive force  between  the  two  electrodes  and  Cg  '  is  known,  that  is  the 
concentration  of  hydrogen  ions  in  the  acid  solution  of  known  strength, 
a  simple  calculation  gives  the  value  of  C^,  the  concentration  of  the 
hydrogen  ions  in  the  blood.  Instead  of  using  a  second  hydrogen  elec- 
trode in  an  acid  of  known  strength,  a  calomel  mercury  electrode  of 
known  electromotive  force  when  balanced  against  a  N  hydrochloric  acid 
solution  may  be  used  instead.    The  current,  or  e,  is  measured  by  balanc- 


Pio.  55. — Enlarged  electrode  vessel  for  rhe  pxiimlnaUnn  of  the  hydroeen  Ion  content 
of  blood  or  other  liquids  containing  C0».  Capacity  15  c.c. ;  liquid  7  c.c.  Metal  spring 
clips  hold  the  top  on  firmly. 

ing  a  current  of  known  strength  through  the  electrometer  against  the 
current  between  the  electrodes.  If  the  0.1  N  calomel  electrode  is  used: 
e  =  0.3377  -f-  .0577  p^ ,  Pg  having  the  significance  of  page  543.  Further 
discussion  of  this  method  appears  on  page  1049. 

The  indicator  method  of  determining  the  hydrogen  ions.  The  gas- 
chain  method  requires  some  experience  and  apparatus.  A  very  useful 
substitute  for  it  is  the  indicator  method  by  which  an  approximation  can 
be  made  to  the  actual  concentration  of  the  hydrogen  ions.  This  method 
depends  on  the  fact  that  various  colored  substances  change  their  colors 
when  they  are  made  alkaline  or  acid,  and  the  point  at  which  the  color 
changes  in  the  different  substances  is  at  a  different  degree  of  alkalinity. 
If,  then,  it  is  known  at  what  hydrogen  ion  concentration  a  color  change 
of  any  substance  occurs  and  we  find  that  a  solution  just  produces  this 
color  change,  it  must  have  at  least  this  concentration  of  hydrogen  ions. 
If  another  indicator  can  be  found  which  does  not  change  its  color  at 
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this  eoneentration  of  hydrogen  ions,  but  requires  a  higher  eoneentration 
of  hydrogen  ions,  then,  if  the  blood  can  change  one  indicator  but  not 
another,  the  hydrogen  ion  concentration  of  the  blood  must  lie  between 
these  two  concentrations.  Two  such  indicators  are  litmus  and  phenol- 
phthalein.  Litmus  changes  to  a  blue  violet  when  the  concentration  of 
the  hydrogen  ions  is  equivalent  to  a  N/10'^  concentration.  In  concen- 
trations of  hydrogen  ions  greater  than  this  litmus  is  red ;  in  concentra- 
tions less  than  this  it  is  blue  violet  or  blue.  Phenolphthalein  is  still 
colorless  at  this  concentration  of  hydrogen  ions.  It  only  becomes  pink 
when  the  concentration  of  hydrogen  is  less  than  N/10«.  Hence,  as  the 
blood  is  alkaline  to  litmus  and  acid  to  phenolphthalein,  its  hydrogen  ion 
concentration  must  be  between  N/10'  and  N/10'.  By  finding  indicators 
which  change  between  these  two  points  and  at  other  points,  it  is  possible 
to  find  in  this  way  the  approximate  hydrogen  ion  concentration  of  a 
liquid.  The  method  may  be  still  further  refined  by  the  comparison  of 
the  depth  of  color  produced  and  the  tint.  For  this  purpose  a  set  of 
tubes  are  made  up  of  which  the  concentrations  of  hydrogen  ions  are 
known,  having  been  determined  by  the  gas-chain  method  or  in  other 
ways.  These  tubes  may  have  different  mixtures  of  NajHPO^  and 
NaHaPO^.  A  drop  of  the  indicator  is  added  to  these  tubes,  and  then 
the  indicator  is  added  to  the  solution  of  unknown  acidity  and  the 
unknown  is  matched  against  the  colors  of  the  known  tubes  until  one 
is  found  to  match.  The  concentration  of  the  hydrogen  ions  in  the 
unknown  tube  will  then  be  equal  to  that  in  the  known  mixture,  or  it 
will  lie  between  two  of  the  standards.  Of  course,  this  method  cannot 
be  used  with  an  already  highly  colored  liquid  like  the  blood,  but  it  may 
be  used  with  the  urine  or  lymph,  blood  plasma  or  gastric  juice  or  other 
body  fluids  little  colored. 

The  following  table  shows  the  concentration  of  H  ions  at  which  the 
different  indicators  undergo  their  color  changes.  The  figures  under  the 
heading  Pg  are  the  exponents  of  the  powers  of  10  by  which  a  normal 
concentration  (1  gram  per  liter)  of  H  ions  must  be  divided  to  give  the 
required  concentration.  If  Pjj  is  2,  it  means  that  the  concentration  of 
hydrogen  ions  is  .01  N,  i.e.,  N/IO^;  if  P^  is  3,  it  means  N/10^  or  .001  N. 

1.    Hydrogen  ion  concentration  of  standard  solutions  of  acids  (Michaelis). 


H'  I  at  18° 

Acetic  acid  at  18o 

Concentration 
X  norma] 

Concentration 
H  lonB  X  N 

Ph 

Concentration 

X  N 

Concentration 
H  ions  X  N 

Ph 

1.0 
0.1 
0.01 
0.001 

0.78  X  10-° 
0.91  X  10-' 
0.96x10-' 
0.98  xlO-' 

0.11 
1.04 
2.02 
3.01 

1.0 
0.1 
0.01 
0  001 

0.42  X  10-' 
0.13  x  10-' 
0.42  X  10-' 
0.13x10-' 

2.38 
2.89 
3.38 
3.89 

644 


PHYSIOLOGICAL   CHEMISTRY 


2.    Hydrogen  ion  concentrations  of  different  salt  mixtures  for  use  in  the  indi- 
cator  method. 


Acetic  acid  and  Na  acetate 

Primary  and  secondary  Na  phosphate 

Oo-SOo 

8° 

Acetic  acid 

dilution 
Liters  con- 
taining! 
gram  mol) 

Acetate 
dilution 

Concentration 
.   H  ions  X  N 

ph 

NaHgPO^ 

m/3 
dllntion  • 

Na^HPO^ 

m/3 
dilution 

Concentration 
H  ions  z  N 

Ph 

32 

5.76  X  lO-' 

3.24 

32 

0.64x10-' 

5.19 

16 

2.88  X  10-' 

3.54 

16 

0.32  X  10-' 

5.49 

8 

1.44x10-' 

3.84 

8 

0.16  xlO' 

5.80 

4 

0.72  X  10-* 

4.4 

4 

0.80x10-' 

6.10 

2 

0.36x10-' 

4.44 

2 

0.40  X  10-' 

6.40 

1.80x10-' 

4.74 

0.20x10-' 

6.70 

2 

0.90  X  10-' 

5.05 

2 

1.0    xlO-' 

7.00 

4 

0.45  X  10-' 

5.35 

4 

0.50  X  10-' 

7.30 

8 

0.22  X  10-' 

5.66 

8 

0.25x10-' 

7.60 

16 

0.11x10-' 

5.96 

16 

0.12x10-' 

7.92 

32 

0.56x10' 

6.25 

32 

0.61  X  10-' 

8.21 

64 

0.28  X  10-' 

6.55 

Primary  and  secondary  sodium  phosphate 
S70 


NaHjPO^ 

NagHPO^ 

m/S 

m/3 

Concentration  H  ions  z  N 

Ph 

dilution 

dilution 

32 

0.77  X  10-' 

5.11 

16 

0.38  X  10-' 

5.42 

8 

0.19x10-' 

5.72 

4 

0.96x10-' 

6.02 

2 

0.48  X  10-' 

6.32 

1 

0.24  X  10-' 

6.62 

2 

1 

1.20x10-' 

6.92 

4 

1 

0.60  X  10-' 

7.22 

8 

1 

0.30  X  10-' 

7.52 

16 

1 

0.15  X  10-' 

7.82 

32 

1 

0.75  X  10-' 

8.12 

NH^OH  18o 

NH^OH  and  NH^Cl  at  18o 

NH4OH 

NH^Cl 

Concentration 

Concentration 

Ph 

Concentration 

Ph 

Nx 

H  ions 

dilution 

dilution 

HionR 

1.0 

1.8    xlO-" 

11.74 

32 

1 

1.02  X  10' 

7.99 

0.1 

0.57  X  10-" 

11.24 

16 

1 

0.51  X  10-' 

8.29 

0.01 

1.8   xlO-" 

10.74 

8 

1 

0.26x10' 

8.59 

0.001 

0.57  X  10-" 

10.24 

4 

1 

0.11x10-' 

8.88 

2 

1 

0.64x10-' 

9.19 

1 

1 

0.32x10-' 

9.49 

1 

2 

0.16  xlO' 

9.80 

1 

4 

0.80x10-" 

10.10 

*  The  figures  of  these  tables  except  NH  OH  mean  liters  of  solution  containing 
1  gram  mol  or  equivalent.  Thus  in  the  last  table,  where  NH  OH  is  32  and  NH  01 
1,  this  means  that  1  liter  of  NH^Cl  solution  containing  I  gram  mol  of  NH  Ci  and 
1/32  gram  mol  of  NH  OH  has  a  concer*— ^= *  " '  ",,^,0.  • 
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NaOH  at  18° 


Concentrntion 
xN 

Ciiiicentration  H  ions 

Ph 

1.0 
0.1 
0.01 
0.001 

0.754  X  10-" 
0.65    xlO-" 
0.61    xl0-» 
0.59    xlO-" 

14.12 
13.19 
12.21 
11.23 

The  mean  value  of  the  hydrogen  ion  content  of  defibrinated  mam- 
malian blood  at  room  temperature,  i.e.,  about  18-20°  C,  has  been  found 
to  be  between  6XlO-«  and  2X10-*  (pji=:7.2— 7.7).  If  the  dissociation 
constant  of  water  at  this  temperature  is  0.72  XlO~",  the  OH  ion  con- 
centration of  the  blood  would  be  1.2 XlO—  to  3.6X10-'.  The  blood  is, 
therefore,  a  very  weakly  alkaline  fluid.  The  concentration  of  the  hydro- 
gen ions  depends,  however,  on  the  amount  of  carbon  dioxide  in  the  blood. 
Thus  at  38.5°  C.  for  defibrinated  ox  blood  Hasselbalch  and  Lundsgaard 
got  the  following  values :  At  this  temperature  the  dissociation  constant  of 
water,  that  is  the  product  of  the  hydrogen  and  hydroxyl  ion  concentra- 


tion, is  2.7  X 10-",  so  that  pg 

CO,  tension 
30  mm. 
40   " 
50   " 


of  water  is  6.78. 

PQ(mean  Talae) 
7.45 
7.36 
7.31 


An  increase  in  the  COj  increases  the  hydrogen  ion  content. 

The  suspension  of  blood  corpuscles  has  a  higher  concentration  of 
hydrogen  ions,  the  serum  a  lower,  than  the  whole  blood  when  under 
the  same  pressure  of  CO2.    Sorensen  gives  the  following  figures : 

p  qW  hole  blood 


Pg    corpnBcle 
snapension 


COs  tension  Pg  eernm 

M.m  Hg. 

13.4  7.88 
19.7  7.55 

29.5  7.68 

30.0  7.42 

41.0  7.03 

41.7  7.63  7.31 

53.5  6.96 

54.0  7.60  7.28 

The  meaning  of  this  is  that  most  of  the  acid  neutralizing  substances 
are  in  the  serum.  Venous  blood  contains  at  least  twice  as  many  hydro- 
gen ions  as  arterial  blood.  Henderson  showed  that  the  concentration 
of  the  hydrogen  ions  is  only  slightly  altered  in  passing  from  18°  to 
38.5°.  Since  the  value  of  the  dissociation  constant  of  water  increases 
from  0.72 — 2.7X10~"  within  these  same  temperature  limits,  it  is  clear 
that  the  hydroxyl  ion  concentration  of  the  blood  must  enormously 
increase  in  passing  from  18°  to  38°.  The  product  of  the  concentration 
of  the  hydrogen  and  the  hydroxyl  ions  is  a  constant.  The  concentration 
of  the  hydroxyl  ions  at  35°  is  at  least  twice  or  thrice  that  at  18°,  and 
it  increases  15-20  per  cent,  in  rising  from  38°  to  42°.    It  is  obvious,  since 
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oxidation  is  greatly  dependent  on  the  concentration  of  the  hydroxy! 
ions,  that  combustion  or  respiration  must  be  far  more  intense  in  fever 
than  at  normal  temperature.  Blood  is,  moreover,  but  a  type  of  a 
tissue.  The  elements  controlling  the  alkalinity  of  the  blood  are  the 
same  as  those  which  control  the  alkalinity  of  the  cells.  A  rise  of 
temperature  in  fever  probably  increases  the  hydroxyl  ion  concen- 
tration of  the  body  cells  in  the  same  manner  as  that  of  the  blood. 
The  hydrogen  ion  concentration  of  the  blood  is  not  very  different  from 
that  of  sea-water,  but  as  a  rule  sea-water  is  a  little  more  alkaline,  par- 
ticularly in  the  south. 

The  number  of  H  ions  in  the  blood  keeps  remarkably  constant.  This 
is  due  to  the  co-operation  of  three  factors:  namely,  the  presence  in  the 
plasma  of  the  salts  of  three  weak  acids — carbonic,  phosphoric  and  pro- 
tein. The  first  of  these  is  present  in  the  largest  number  of  molecules 
and  is  by  far  the  most  important.  When  acid  enters  blood  it  reacts 
with  the  carbonates  and  phosphates  to  form  carbonic  acid  and  acid  phos- 
phates. The  carbonic  acid  is  removed  through  the  lungs  very  quickly, 
and  the  kidneys  pump  out  the  acid  phosphates,  restoring  the  blood  to  its 
proper  alkalinity.  Any  rise  of  H  ions  in  the  blood  at  once  stimulates 
the  respiratory  center  and  leads  to  the  elimination  of  carbon  dioxide. 
It  must  not  be  forgotten,  however,  that  a  slight  variation  in  P^  means 
a  very  great  variation  in  H  ion  concentration,  for  Pjj  is  an  exponent 
of  10.  Thus  if  Pjj  of  blood  changes  from  7.4  to  7.3  it  means  an  increase 
in  H  ion  concentration  of  25  per  cent.  The  actual  number  of  H  ions  in 
1  c.c.  of  blood  plasma  having  a  P^  7.4  is  2.41  X  10** ;  and  in  blood  of  P  ^ 
7.3  is  3.04  X  10^^ 

Osmotic  pressure  of  the  blood. — Since  the  relative  osmotic  pressure 
of  the  blood  and  the  tissues  helps  determine  whether  liquid  shall  pass 
from  the  blood  to  the  tissue,  or  vice  versa,  and  since  the  activity  of  every 
body  cell  is  dependent  upon  the  amount  of  water  in  it,  any  change  in 
the  water  content  at  once  altering  its  activity,  the  osmotic  pressure  of 
the  blood  is  of  great  importance  in  its  functioning.  It  is  obviously 
desirable  that  the  osmotic  pressure  of  the  blood  shall  be  kept  as  nearly 
uniform  as  possible,  in  spite  of  the  considerable  quantities  of  water 
leaving  the  body  in  the  lungs,  urine  and  through  the  skin,  and  the  con- 
siderable income  of  water  from  foods  and  drink  and  from  the  oxidation 
of  the  hydrogen  of  the  foods.  It  is  one  function  of  the  kidneys  to  keep 
the  osmotic  pressure  of  the  blood  as  constant  as  possible.  The  osmotic 
pressure  of  the  plasma  or  the  whole  blood  is  determined  by  the  freezing- 
point  method,  which  has  already  been  described  (page  201).  The  deter- 
mination may  be  made  with  only  a  few  c.c.  of  blood  by  the  Wilson  modi- 
fication of  this  method.  The  freezing  point  of  the  blood  of  various 
mammals  is  as  follows : 
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Mammal  Freezing  point 

Man    —  0.520°       (Varies  .482-.605) 

Ox    0.585         (       "       .543-.662) 

Horse     0.564 

Rabbit 0.592 

Sheep   0.619 

Pig   0.615 

Dog    0.571 

Cat   0.638 

The  freezing  point  of  mammalian  blood  is,  hence,  about  — 0.6°  C. 
This  depression  of  Ihe  freezing  point  would  mean  an  osmotic  pressure  ol 
0.6/1.85X22.4  atmospheres,  or  7.3  atmospheres.  This  is  about  equal  to 
a  one-third  molecular  sugar  solution.  This  osmotic  pressure  is  subject 
to  some  variation  even  in  the  same  individual.  Thus  Koeppe  found  in 
himself  the  freezing  point  to  he  as  follows: 

Freezing  point  Freezing  point 

A  A 

9  A.M —  .535°  Morning  fasting  9  a.m —  0.581° 

12m 558  11»4  A.M 0.512 

11/2  P.M.  (After  dinner) 585  l^i  p.m 0.551 

5%  I'.M 528  2  P.M.   (After  dinner)    0.617 

The  secretion  of  the  gastric  and  intestinal  juices  thus  increases  the 
osmotic  pressure  of  the  blood.  In  a  fistula  dog  this  increase  may  be  quite 
marked.     (See  page  346.) 

The  arterial  blood  has  generally  a  slightly  lower  osmotic  pressure 
than  the  venous  blood.    The  diiference  is  not  marked  (Nolf ) : 

Pamfirt  JllKlllor 

^"°"°  (Uncoannlaled  blood) 

A  A 

—  .574°  —.589° 

.580  .587 

.572  .576 

.595  .597 

.591  .593 

.567  .565 

The  portal  vein  has  a  lower  osmotic  pressure  than  the  hepatic  vein 
(Fane  and  Botazzi) : 

Dog's  blood 

Portal  vein  Hepatic  vein 

A  A 

.692  .722 

.617  .667 

.602  .633 

The  osmotic  pressure  of  the  blood  is  due  chiefly,  but  not  exclusively, 
to  the  crystalloids  it  contains,  to  the  salts,  sugar,  urea,  etc.,  but  the 
proteins  also  contribute  somewhat  to  it. 

In  cholera,  or  in  very  hot,  dry  regions,  the  blood  may  have  its  osmotic 
pressure  markedly  increased.  Its  viscosity  increases  at  the  same  time, 
hende  the  necessity  of  diluting  it  either  with  water  or  salt  solutions. 

The  tissue  fluids  of  invertebrates  and  some  of  the  lower  vertebrates 
have  the  freezing  points  shown  in  the  accompanying  table. 
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The  great  difference  between  the  cartilaginous  (Selachians)  and  bony 
fishes  is  seen  in  the  table.  The  former  have  very  little  control  over 
the  osmotic  pressure  of  their  body  fluids.  Their  blood  is  about  the  same 
freezing  point  as  that  of  the  sea-water.  In  teleosts  partial  control  is 
attained,  so  that  the  osmotic  pressure  of  their  body  fluids  is  lower  than 
that  of  sea-water  in  the  sea-fishes,  and  higher  than  that  of  fresh-water 
in  the  fresh-water  fishes.  This  independence  of  the  medium  is  in  some 
fishes  so  complete  that,  like  the  salmon,  they  can  pass  from  sea- water 
lo  fresh-water.  It  would  seem  that  the  covering  of  the  gills  of  fishes 
ii'.ust  be  of  such  a  nature  that  it  permits  gases  to  pass  but  not  water.  In 
Selachians  a  considerable  part  of  the  osmotic  pressure  is  due  to  the 
urea  in  the  blood,  which  may  be  present  to  the  extent  of  1.5  per  cent. 
The  osmotic  pressure  due  to  the  urea  would  be  about  5.5  atmospheres. 
The  total  pressure  is  about  27.8  atmospheres.  The  osmotic  pressure  of 
human  urine  is  about  that  of  sea-water.    A  = — 1.3-2.3°. 

Freezing   Points  op  the  Fluids  of  Some  Inveetebrates  and  Vertebrates 

( Botazzi ) . 

A 

Coelfnterates:        Alcyonium  palmatum    — 2.196 

Echinoderms:         Astropecten  aurantiacus  2.312 

Worms:                    Sipunculus    nudus     2.31 

Crustacea :               Ma.ja  squinado 2.36 

Homarus  vulgaris 2.29 

Cephalopoda :         Octopus  macropus  . 2.24 

Selachians:             Torpedo  marrnorata  2.26 

Mustelus  vulgaris 2.36 

Trygon   violacea    2.44 

Teleosts:                 Charax  punt-'zzo 1.04 

Cema    gigas     1.035 

Crenilabrus  pavo   0.74-0.76 

Box   salpa 0.82-0.88 

Reptilia:                 Thala.ssoehelys  carelta 0.61 

Fresh-water  forms   (Fredericq,  etc.) 

Crustacea :              Astacus  Huviatilis   0.80 

Teleosts :                 Anguilla  vulgaris  0.58-0.69 

Barbus  Huviatilis  0.475-0.558 

Lenciscus  lobula   0.45 

Perca  Huviatilis   0.512 

Amphibia :              Rana  esculenta   0.465 

Salaraandra  maculosa 0.479 

Reptiiia:                Emys  europea  '. 0.474 

Conductivity  of  the  blood. — The  conductivity  of  the  blood  is  of 
interest  mainly  because  it  enables  a  computation  of  the  volume  of  the 
corpuscles  in  the  blood.  The  conductivity  is  due  to  the  salts  in  the 
plasma.  The  corpuscles  occupy  a  certain  amount  of  space  in  the  plasma, 
but  have  almost  no  conductivity,  so  that  the  conductivity  of  the  plasma 
i.s  greater  than  that  of  the  blood.  If  the  conductivity  of  the  plasma  is 
determined  on  the  one  hand  and  that  of  the  blood  on  the  other,  the 
volume  of  the  corpuscles  may  be  calculated  by  the  formula  (Stewart) : 

VK  =  x(180-Ab-v/i;) 
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Y^  is  the  volume  of  the  corpuscles  in  the  blood  volume  of  100 ;    ^l^  the 
conductivity  of  the  blood,  and  Xg  the  conductivity  of  the  serum. 

Enzymes  of  the  blood. — The  blood  plasma  contains  many  different 
enzymes.  Indeed,  the  blood  plasma  may  be  regarded  as  a  very  dilute, 
liquid,  nor  organized  cell  protoplasm,  having  in  it  many  of  the  cell 
substances  and  showing  many  of  the  processes  of  cell  metabolism.  The 
blood  plasma,  like  the  plasma  of  cells,  contains  enzymes,  and  among 
these  bodies  are  some  proteolytic  enzymes  of  which  the  importance  in 
immunity  and  to  the  body  is  fundamental. 

1.  Amylase.  There  is  always  present  a  very  small  quantity  of  an 
enzyme  which  converts  glycogen  or  starch  to  a  reducing  sugar.  This 
enzyme  is  present  in  very  small  amounts.  It  is  increased  if  dextrins, 
or  starch  or  glycogen,  are  injected  into  the  blood,  or  if  these  are  fed 
in  large  amounts.  It  is  increased  very  much  if  the  pancreas  ducts  be 
ligatured.  It  is  believed  that  this  enzyme  comes,  at  least  in  part,  from 
the  pancreas,  but  it  is  not  impossible,  since  such  enzymes  are  present  in 
many  other  tissues  such  as  the  liver,  the  salivary  glands,  the  white  blood 
cells,  that  the  enzyme  is  derived,  in  part,  from  other  sources. 

2.  Invertin.  This  is  also  present  in  small  quantities,  but  increases 
when  large  amounts  of  cane  sugar  are  fed,  or  when  cane  sugar  is  injected 
directly  into  the  blood.  The  amount  present,  however,  is  extremely 
small,  the  inverting  power  of  the  serum  being  very  slight.  Slight  acidifi- 
cation greatly  increases  the  activity  of  this  enzyme. 

3.  Glycolytic  enzyme.  The  blood  plasma  always  has  some  power  of 
destruction  of  glucose.  This  is  ascribed  to  the  presence  of  a  glycolytic 
enzyme.  What  is  made  of  the  glucose,  whether  it  is  converted  into 
isomaltose,  or  whether  alcohol,  lactic  acid  or  other  substances  are  formed 
from  it,  is  uncertain.  The  amount  of  the  glycolytic  power  is  said  by 
Lepine,  who  has  principally  studied  this  question,  and  by  Slosse  to  be 
reduced  in  diabetes. 

4.  Lipases  are  also  present.  These  have  their  origin  perhaps  in  the 
pancreas. 

5.  Proteolytic  enzymes.  These  are  found  normally  in  the  plasma, 
together  with  their  antibodies:  that  is,  substances  which  prevent  or 
inhibit  their  action.  Thus  there  is  always  present  in  serum  or  plasma 
an  anti-pepsin,  anti-rennin  and  anti-trypsin.  These  digestive  enzymes 
are  thus  rendered  inactive.  Where  they  come  from,  whether  they  are 
reabsorbed  from  the  intestine  in  digestion  or  from  the  glands  in  which 
they  are  formed  is  still  uncertain.  Blood  platelets  contain  or  yield  a 
good  deal  of  proteolytic  enzyme  (Abderhalden  and  Deetjen).  A  very 
fundamental  observation  has  recently  been  made  by  Abderhalden, 
an  observation  which  may  go  far  toward  clearing  up  some  obscure  facts 
of  immunity.  He  has  found  that  the  injection  into  the  blood  of  strange 
proteins  of  any  kind  leads  to  the  appearance  in  the  blood  within  24 
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hours  of  enzymes  which  will  digest  the  albumoses,  formed  by  acid  hydrol- 
ysis from  those  proteins  injected,  and  they  will  not  split  other  albu- 
moses. This  fact  he  has  applied  t9  the  detection  of  pregnancy.  It  was 
found  that  the  blood  serum  of  a  pregnant  woman,  or  other  mammal, 
has  the  property  of  digesting  the  albumose-peptone  mixture  made  by 
hydrolyzing  the  placental  tissue  of  that  mammal  with  sulphuric  acid. 
The  albumose  is  prepared  in  the  following  way :  The  tissue  or  protein  to 
be  tested,  in  this  case  placental  tissue,  is  ground  fine  in  a  meat-chopper 
and  then  allowed  to  stand  48  hours  in  50  per  cent,  sulphuric  acid  at  room 
temperature.  The  material  is  diluted,  neutralized,  filtered,  boiled,  fil- 
tered, and  the  albumoses  precipitated  by  saturating  with  ammonium 
sulphate.  It  is  freed  from  sulphate  by  dialysis.  One  c.c.  is  then  mixed 
with  1  c.c.  of  blood  serum,  diluted  to  fill  the  tube  of  a  polariscope  and 
placed  at  35°  C.  Any  digestion  occurring  is  shown  by  the  change  in 
rotatory  power.  This  change  is  very  slight  and  the  observation  must  be 
carefully  controlled,  but  there  appears  to  be  no  doubt  of  its  existence. 

Another  method  consists  in  allowing  the  digestion  to  take  place  in  a 
collodion  tube.  The  products  of  the  digestion  are  dialyzed  out,  the 
dialyzate  is  concentrated  and  the  presence  of  amino-acids  or  proteins 
shown  by  the  ninhydrin  reaction. 

By  the  optical  method  it  has  been  possible  to  diiferentiate  pregnancy 
from  various  tumors,  and  the  method  promises  to  be  of  value  in  diag- 
nosis as  well  as  of  great  theoretical  interest.  It  has  been  found  that 
any  kind  of  protein,  when  injected,  produces  an  enzyme  in  the  blood 
which  splits  the  albumose  from  that  protein,  but  not  from  others. 

What  then  is  the  explanation  of  this  extraordinary  power  of  the 
body  to  make  a  special  enzyme  which  will  digest  the  albumoses  of  the 
kind  of  protein  which  calls  it  into  existence,  but  no  others?  How  is  it 
possible  for  the  body  to  know  at  once  how  to  make  an  enzyme  which 
fits  the  particular  protein  injected,  but  no  other,  and  to  do  this  at  the 
first  attempt  for  a  protein  it  and  its  ancestors  have  probably  never  met 
before  ?  Possibly  the  enzymes  are  in  each  case  formed  from  the  proteins 
themselves,  and  hence  resemble  the  proteins  from  which  they  came  so 
closely  that  they  fit  them  best. 

6.  Cholesterases.  These  split  the  cholesterin  esters.  They  are  pres- 
ent in  the  blood  corpuscles. 

7.  Peroxidase  and  oatalase.  Blood  contains  also  peroxidase  and  a 
catalase  that  decomposes  hydrozen  peroxide. 

Proteins  of  the  blood  plasma. — The  plasma  of  mammalian  blood  is 
obtained  by  centrifugalizing  blood  which  has  been  rendered  non- 
coagulable  by  potassium  oxalate,  sodium  fluoride,  hirudin  or  other  means. 
Such  mammalian  blood  plasma  contains  normally  5-8  per  cent,  of 
coagulable  proteins.  These  proteins  are  serum  albumin,  or  seralbumin  as 
it  is  called;  serum  globulin,  or  serglobulin;  and  fibrinogen.     They  are 
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separated  from  each  other  by  their  varying  ease  of  precipitation  with 
acids  or  neutral  salts.  The  relative  amounts  of  these  three  substances 
vary  under  different  conditions,  but  are  approximately  as  follows : 

Fibrinogen    0 15-O.C 

Serum  globulin    3.8 

Serum   albumin    2.5 

The  iibrinogen  is  subject  to  the  widest  variation,  since  whenever  there 
is  prolonged  leucocytosis  or  suppuration  anywhere  in  the  body,  the 
fibrinogen  increases  and  may  double  or  quintuple  or  even  increase  to 
eight  times  its  normal  amount,  reaching  as  much  as  0.9  per  cent,  of  the 
whole  blood  or  approximately  1.6  per  cent,  of  the  plasma.  (Author's 
observations.)  It  is  the  impression  of  the  author,  although  no  definite 
study  of  this  matter  has  been  made,  that  young  animals  generally  have 
more  fibrinogen  in  their  blood  than  old  animals.  On  the  other  hand, 
the  total  protein  of  the  blood  plasma  in  white  rats  increases  from  early 
to  adult  life. 

The  relative  proportions  of  serum  globulin  and  serum  albumin  are 
reported  to  be  different  in  different  animals  and  in  the  same  animal 
under  different  conditions,  but  there  is  no  method  which  permits  a 
sharp  separation  of  the  two  bodies,  hence  all  observations  of  their 
relative  amounts  are  open  to  serious  question. 

Fibrinogen.  Fibrinogen  is  the  least  soluble  of  the  three  proteins. 
It  is  almost  completely  precipitated  by  saturating  the  plasma  with 
sodium  chloride;  or  by  the  addition  of  a  very  small  amount  of  acetic 
acid.  It  is  also  easily  precipitated  by  water.  It  coagulates,  also,  at  the 
lowest  temperature,  becoming  insoluble  at  56°-60°  C.  under  the  usual 
conditions  of  the  plasma.  It  is  rendered  insoluble  and  converted  into 
fibrin,  undergoing  some  change  as  yet  unknown,  by  various  agents  gen- 
erally supposed  to  be  catalytic  agents,  or  enzymes,  and  found  in  all 
cells.  These  agents,  whatever  their  nature,  are  called  fibrin  ferment, 
or  thrombin.  It  has  not  yet  been  shown  that  they  are  enzymes,  and 
strong  reasons  have  been  given  by  Howell  for  doubting  that  they  actu- 
ally are. 

Serum  globulin.  Although  the  globulins  are  ordinarily  defined  as 
being  insoluble  in  water  and  precipitated  from  their  salt  solutions  by 
dialysis,  it  is  not  possible  to  separate  the  globulin  of  the  blood  from 
the  albumin  in  this  way.  Only  a  small  fraction  of  the  globulin  is 
separated  by  dialysis  of  the  serum.  This  small  fraction  is  sometimes 
treated  as  a  separate  protein  and  called  eu-globulin  (eit  meaning  well)  ; 
the  name  signifying  that  it  is  a  typical  globulin.  A  much  larger  amount 
of  globulin  is  precipitated  by  diluting  the  serum  several  times  with 
water  and  then  mixing  it  with  an  equal  volume  of  saturated  solution  of 
ammonium  sulphate.  This  fraction,  which  is  not  precipitated  by  water, 
but  is  by  half  saturation  by  ammonium  sulphate,  is  called  pseudo- 
globulin.     It  is  still  uncertain  whether  they  are  distinct  proteins,  or 
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whether  the  pseudo-globulin  fraction  continues  to  give  small  quantities 
of  eu-globulin.  The  ease  with  which  the  proteins  change  their  solu- 
bilities makes  it  very  difficult  to  settle  a  point  of  this  nature.  The  con- 
tent of  amino-aeids  in  the  two  fractions  is  approximately  the  same.  The 
globulin  may  be  protected  from  precipitation  by  dialysis  by  the  presence 
of  some  other  colloid.  The  precipitate  obtained  by  salting  out  the 
globulin  is  always  strongly  impregnated  with  a  phospholipin  8-10  per 
cent.  (Hardy).    To  separate  this  it  is  necessary  to  extract  it  with  alcohol. 

Serum  globulin  is  a  white,  coagulable  pVotein,  coagulating  in 
the  plasma  or  in  3  per  cent,  salt  solution  at  75°.  It  is  soluble  in 
salt  solutions,  but  is  partially  precipitated  by  a  small  quantity  of  car- 
bonic or  acetic  acid.  It  is  electro-negative  for  the  most  part,  and  prob- 
ably exists  in  the  plasma  as  the  sodium  salt.  Its  name  comes  from  its 
supposititious  origin  from  the  white  blood  globules  (A.  Schmidt). 

The  difference  in  the  composition  of  the  globulin  and  albumin  may 
be  seen  by  comparing  their  basic  amino-acids.  The  albumin  contains  far 
more  of  the  basic  amino-acids  than  the  globulin. 

In  100  Obams  Ash- Free  Protein    (Lock  and  Thomas). 

Serum  albumin        Serum  Serum  ,,•,,  • 

(average)  globulin  1       globulin  8  *^iDrm 

Histidine     3.48  1.45  1.74  2.85 

Arginlne   4.67  4.51  4.07  5.52 

Lysine   11.08  6.75  6.72  7.40 

Total 19.23  12.71  12.53  15.77 

Serum  albumin.  This  simple  protein  resembles  serum  globulin 
closely,  it  coagulates  at  about  the  same  temperature,  but  it  is  not  pre- 
cipitated from  the  serum  by  saturation  of  the  latter  with  magnesium 
sulphate,  or  by  half  saturation  with  ammonium  sulphate,  but  it  pre- 
cipitates if  the  filtrate  from  the  globulin,  which  is  half  saturated  with 
ammonium  sulphate,  is  acidified  with  acetic  acid.  The  precipitate  con- 
sists of  a  sulphate  of  the  albumin. 

Origin  and  function  of  the  plasma  proteins. — The  function  of  the 
blood  proteins  is  still  a  matter  of  investigation.  They  were  formerly 
supposed  to  be  the  protein  food  of  the  tissues,  but  this  does  not  seem 
so  probable  since  the  presence  of  amino-acids  in  the  blood  has  been 
shown  and  the  radical  differences  between  blood  and  tissue  proteins 
have  become  clear.  There  never  has  been  any  evidence  of  the  consump- 
tion of  these  proteins  by  the  tissue  cells.  The  whole  matter  of  their 
nutritive  value  must  be  left  to  the  future  to  determine.  One  function 
they  undoubtedly  have:  they  give  to  the  plasma  one  of  its  most  im- 
portant properties,  its  viscosity.  This  is  the  function  of  the  proteins 
in  the  other  tissues  of  the  body,  for  it  is  the  proteins  which  give  the 
structure,  the  jelly  nature,  to  protoplasm;  in  other  words,  it  is  the  pro- 
teins which  determine  the  viscosity  of  the  protoplasm.    Similarly  in  the 
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blood,  which  is  a  living  tissue,  the  proteins  contribute  to  the  viscosity, 
a  matter  of  much  importance  in  determining  the  peripheal  resistance. 
The  proteins  of  the  plasma  resemble  the  proteins  of  the  tissues  of  the 
body  in  other  ways.  As  they  occur  in  the  blood,  they  are  in  union  with 
phospholipins,  and  there  is  reason  for  thinking  that  the  proteins  of  the 
body  cells  generally  and  of  all  forms  of  protoplasma  are  similarly  joined 
to  lipin.  Just  as  the  blood  changes  its  viscosity  with  the  greatest  ease, 
at  one  time  becoming  more  fluid  and  at  another  more  solid,  so  do  we 
see  the  same  properties  in  the  cell.  The  cell  protoplasm  clots  like  the 
blood.  The  blood,  when  shed,  becomes  more  acid,  just  as  the  proto- 
plasm when  it  dies  becomes  more  acid.  Moreover,  there  is  a  marked 
resemblance  between  the  character  of  the  proteins  in  the  two  cases.  All 
tissues  of  the  mammalian  organism,  or  at  least  the  majority  of  the 
tissues,  contain  a  protein  which  resembles,  but  is  probably  not  identical 
with,  fibrinogen,  a  protein  which  coagulates  at  56°.  Many  of  them,  also, 
contain  globulins  and  albumins,  which  resemble,  but  are  not  identical 
with,  the  proteins  of  the  plasma.  Another  important  function  of  these 
proteins  is  in  regulating  the  alkalinity  of  the  blood.  They  neutralize  in 
the  ways  described  on  page  545  the  acids  formed  by  the  tissue  cells,  in 
part  by  yielding  up  to  the  acids  the  alkali  metals  they  carry,  and  in 
part  by  uniting  directly  with  the  molecules  of  acid.  Both  these  func- 
tions are  in  common  with  the  proteins  of  the  cell  protoplasm.  In  fact  we 
shall  probably  not  go  far  wrong  if  we  consider  the  blood  plasma  as  a 
very  dilute  protoplasm.  The  processes  which  occur  in  it  are  probably 
the  mirror  of  the  processes  which  occur  in  all  forms  of  living  matter. 

The  origin  of  the  plasma  proteins  is  still  uncertain.  Schmidt,  who 
worked  ;£or  many  years  on  this  problem,  believed  that  they  came  from 
the  white  blood  corpuscles  on  the  disintegration  of  the  latter.  Similai; 
but  not  identical  proteins  are  found  in  a  wide  variety  of  cells.  Probably 
more  work  has  been  done  upon  the  origin  of  fibrinogen  than  upon  any 
other  member  of  the  group.  This  substance,  because  of  its  peculiar 
property  of  clotting  and  the  ease  with  which  it  can  be  removed  from 
the  blood,  is  most  easy  to  study,  but  the  conclusions  arrived  at  by  various 
observers  are  nearly  as  diverse  as  the  number  of  investigators.  Some 
have  concluded  that  the  fibrinqigen  is  formed  in  the  liver,  others  from 
the  white  blood  corpuscles,  others  from  the  bone  marrow. 

The  problem  has  been  attacked  in  the  following  way:  If  a  dog  or 
cat  be  anesthetized,  a  cannula  put  in  the  femoral  artery  and  another  in 
the  femoral  vein,  between  one-third  and  one-half  of  the  blood  may  be 
withdrawn  from  the  artery  without  killing  the  animal,  if  the  blood  is 
quickly  reinjected.  The  whole  blood  is  estimated  at  about  one-thirteenth 
the  body  weight.  This  blood  is  kept  warm  and  defibrinated  by  whipping, 
and  after  filtering  through  a  cloth  is  reinjected  slowly  into  the  body.  The 
injection  must  be  slow  or  intravascular  clotting  may  occur.    If  it  does 


THE    BLOOD.     THE    CIRCULATING    TISSUE  555 

occur  the  clots  generally  appear  in  the  heart,  being  attached  to  the  valves 
and  cordffi.  After  allowing  5  minutes  for  the  reinjected  blood  to  mix 
well  with  the  blood  in  the  body  and  the  circulation  to  recover  itself,  the 
same  amount  of  blood  is  again  withdrawn  and  whipped  and  reinjected. 
By  repeating  this  process  5-6  times  the  whole  time  of  defibrination  taking 
from  lV2-2y2  hours,  about  nine-tenths  of  the  fibrin  of  the  blood  is  removed 
and  so  little  remains,  i.e.,  .002-.004  per  cent.,  that  the  blood  either  will  not 
clot  at  all,  or  at  the  most  gives  but  a  very  weak  jelly.  The  amount  of 
fibrin  thus  recovered  is  generally  a  little  less  than,  about  nine-tenths  of, 
the  amount  which  was  calculated  to  be  present  by  a  quantitative  de- 
termination in  a  sample  of  blood  taken  at  the  outset  of  the  defibrination. 
This  fact  shows  that  neither  any  pronounced  destruction  nor  reforma- 
tion has  taken  place  during  the  process  of  defibrination,  otherwise,  unless 
both  processes  occurred  equally,  the  amount  recovered  would  be  less 
or  more  than  that  found.  The  defibrinated  animal  ref orins  the  fibrin  and 
in  the  course  of  24-48  hours  the  normal  fibrinogen  content  of  the  blood 
is  restored.  This  reformation  of  fibrinogen  takes  place  equally  well 
whether  the  animal  is  fed  or  is  fasting,  and  it  is  clear  that  it  does  not 
come  from  the  proteins  of  the  food.  Whence  then  does  it  come?  Ex- 
periments have  shown  that  the  reformation  takes  place  with  normal, 
or  even  increased,  speed  after  extirpation  of  the  kidneys,  spleen,  pan- 
creas, or  after  ligating  off  the  brain  and  most  of  the  nervous  system.  It 
also  occurs  normally  after  making  an  Eck  fistula  which  cuts  off  all  the 
portal  blood  flow  through  the  liver,  but  leaves  the  hepatic  artery  open. 
Neither  spleen,  pancreas,  kidneys,  reproductive  organs,  lymph  glands  of 
the  mesentery,  nor  nervous  system  is  then  necessary  for  the  reformation. 
Perfusion  experiments  by  which  defibrinated  blood  is  perfused  through 
the  legs,  intestine  and  kidneys  have  shown  no  formation  of  fibrinogen  in 
these  organs.  Perfusion  through  the  liver  is  also  negative  in  the  experi- 
ments of  some,  and  positive  in  others.  The  fibrinogen  is  reformed  nor- 
mally if  the  liver  and  intestine  are  intact,  but  the  reformation  is  greatly 
reduced  if  the  intestine  is  absent.^  An  examination  v)f  the  fibrinogen  con- 
tent of  the  blood  in  the  arteries  and  veins  in  different  parts  of  the  body 
shows  that  in  all  regions  of  the  body  but  the  intestine  the  venous  blood 
has  less  fibrin  than  the  arterial.  The  portal  or  mesenteric  veins  alone 
show  generally,  but  not  always,  a  larger  amount  of  fibrinogen  than  the 
arterial  blood.  Prom  these  observations  it  would  appear  that  fibrinogen 
is  taken  out  of  the  blood  in  its  passage  through  most  of  the  organs  of  the 
body  and  in  particular  in  the  kidneys,  and  that  it  is  added  to  the  blood 
during  its  passage  through  the  vessels  of  the  intestine  or  the  liver,  since 
some  observations  indicate  that  the  amount  of  fibrinogen  in  the  hepatic 
blood  is  greater  than  in  the  portal.  While  none  of  the  methods  of  the 
quantitative  determination  of  fibrinogen  are  quite  satisfactory  the 
results  are  so  uniform  as  to  indicate  that  the  differences  obtained  between 
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the  arterial  and  venous  blood  really  represent  actual  diiferenees.  The 
fibrinogen  appears,  then,  to  be  added  to  the  blood  in  the  portal  area 
and  chiefly  in  the  intestine.  Whether  the  liver  is  active  or  not  in  the 
process  is  undecided.  It  was  not  supposed  that  the  intestine  formed  the 
fibrinogen  from  its  own  peculiar  tissues,  except,  perhaps,  the  lymph 
tissues,  but  that, the  fibrinogen  came  probably  from  the  white  blood  cells 
and  that  the  place  of  their  destruction  was  probably  the  intestinal  area. 

The  only  method  known  to  increase  the  amount  of  fibrinogen  in  the 
blood  is  by  suppuration.  Any  prolonged  suppuration  anywhere  in  the 
body,  and  however  produced,  is  accompanied  by  a  great  increase  in  the 
fibrinogen  content  of  the  blood.  This  increase  may  be  enormous,  more  than 
eight  times  the  normal  amount  being  present.  The  reason,  for  this  great 
increase  in  fibrinogen  has  never  been  explained.  It  is  possible  that  it  is 
part  of  the  defensive  mechanism  of  the  body  against  infections  and 
fever,  the  viscosity  of  the  blood  being  increased  thereby.  The  blood  in 
all  such  cases  nearly  always  shows  that  the  red  corpuscles  agglomerate 
and  sink  much  more  rapidly  than  normal  so  that  the  blood  may  have  a 
coat  of  serum  or  plasma  above  the  clot  free  from  corpuscles,  the  so-called 
huffy  coat,  or  crusta  inflammatoria,  which  had  been  observed  by  the 
physicians  when  bleeding  was  common.  This  process  of  agglutination  of 
the  corpuscles  must  also  increase  the  viscosity  of  the  blood  and  would 
tend  to  reduce  the  speed  of  blood  flow  and  perhaps  make  conditions 
favorable  for  the  passage'  of  the  white  blood  cells  out  into  the  tissues 
where  the  infection  is.  Inasmuch  as  any  great  or  prolonged  leucocytosis. 
as  in  infections,  is  accompanied  by  an  increase  in  fibrinogen  and  it  is  also 
accompanied  by  an  increase  in  the  decomposition  of  the  leucocytes,  the 
author  drew  the  conclusion  that  probably  the  fibrinogen,  and  the  other 
blood  proteins  as  well,  originated  in  the  white  blood  cells. 

Opposition  to  this  view  has,  however,  been  fairly  widespread.  Both 
Nolf  and  Doyon  believe  that  the  liver  forms  the  fibrinogen.  The  reason 
for  this  conclusion  is  that  the  liver,  like  many  other  organs,  contains  a 
protein  which  may  be  extracted  and  which  coagulates  a,t  the  same  tem- 
perature as  fibrinogen.  It  has  never  been  shown,  however,  that  this 
protein  is  fibrinogen  and  that  it  has  the  property  of  clotting  on  adding 
fibrin  ferment.  Another  fact  supporting  the  view  that  the  liver  forms 
fibrinogen  is  that  when  one  poisons  the  liver  with  phosphorus  or  chloro- 
form, so  that  there  is  extensive  degeneration  of  this  organ,  then  the 
amount  of  fibrinogen  in  the  blood  is  reduced.  These  latter  observations, 
however,  do  not  show  that  the  fibrinogen  is  formed  in  the  liver.  It  is 
not  to  be  supposed  that  the  liver  is  the  only  organ  affected  in  phosphorus 
or  chloroform  poisoning.  The  disappearance  of  the  fibrinogen  might  be 
due  to  the  fact  that  the  consumption  rose  above  the  power  of  produc- 
tion, or  that  directly  or  indirectly  other  tissues  which  produced  the 
fibrinogen  were  affected.     It  may  be  that  the  liver  forms  an  enzyme, 
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which  may  digest  the  fibrinogen  and  that  on  its  destruction  this  enzyme 
gets  Loose  in  the  blood. 

There  is  still  another  possibility  of  the  origin  of  the  fibrinogen.  It 
may  be  formed  in  the  bone  marrow.  It  is  said,  indeed,  that  the  amount 
of  activity  of  this  tissue  is  greater  after  defibrination.  And  that  is  not 
improbable.  It  is  said  also  that  fibrinogen  can  be  isolated  from  the 
bone  marrow.  Since  this  is  the  blood-forming  tissue  in  the  adult  body  it 
is  most  probable  that  the  proteins  are  derived  from  the  bone  marrow 
or  from  the  blood  cells.  The  blood  is  a  living  tissue.  Every  living  tissue 
has  proteins  peculiar  to  that  tissue.  Were  the  proteins  the  same,  the 
chemical  processes  in  different  tissues  would  be  the  same.  But  we  know 
that  they  are  different.  Every  tissue  forms  its  own  peculiar  proteins. 
It  is  probable,  therefore,  that  the  blood  is  formed  by  itself.  It  makes  its 
own  proteins.  The  place  where  it  is  made  is  either  in  the  bone 
marrow,  which  is  the  blood-forming  organ  in  the  body,  or  by  the  dis- 
integration, that  is  the  further  differentiation,  of  the  blood  corpuscles, 
and  in  particular  the  white  cells.  It  is  certain  that  the  white  cells,  and 
possibly  the  reds  as  well,  are  constantly  giving  off  substance  to  the  blood. 
They  disintegrate.  Their  surfaces,  as  Kite  has  shown,  are  sending  out 
constantly  great  streamers  of  protoplasm  into  the  plasma.  It  is  probable, 
then,  that  they  are  constantly  contributing  to  the  protein  constitution 
of  this  tissue  and  that  they  keep  its  constitution  fairly  constant.  It  is 
possible  that  the  endothelial  cells  of  the  blood  vessels  also  play  a  part 
in  this  process.  This  possibility  should  be  carefully  investigated,  but 
the  fact  that  the  reformation  of  fibrinogen  has  never  been  described  in 
the  great  number  of  perfusion  experiments  of  living  organs  with  de- 
fibrinated  blood  indicates  that  more  than  one  tissue  is  concerned  in 
this  process.  It  may  be  that  defibrinated  blood  does  not  reform  its 
proteins  on  perfusion,  because  the  raw  materials,  the  leucocytes,  are 
lacking.  A  circulation  through  the  bone  marrow  and  then  through  the 
intestinal  area  would  possibly  be  more  successful.  The  origin  of  fibrino- 
gen and  other  proteins  is  then  still  obscure  and  must  be  left  for  future 
investigations,  but  the  evidence  favors  its  origin  from  the  blood  cells,  the 
white  blood  corpuscles,  and  possibly  the  blood-forming  organs,  the  bone 
marrow. 

Experiment  has  shown  that  when  the  fibrinogen  is  reformed  after 
defibrination,  there  is  no  increase  in  the  per  cent,  of  the  other  proteins 
of  the  blood.  That  is,  the  reformation  of  the  fibrinogen  does  not  in- 
volve a  simultaneous  increase  in  the  globulin  and  albumin,  as  would  be 
expected  if  all  three  were  formed  simultaneously  by  the  decomposition 
of  some  cells  such  as  the  leucocytes.  However,  this  fact  Is  not  conclusive 
evidence  against  the  common  origin  of  all  three  of  the  proteins,  since 
some  regulatory  mechanism  might  remove  these  proteins  as  rapidly  as 
they  were  formed.    There  is  often  a  slight  decrease  in  the  other  blood 
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proteins  coinciding  with  the  reformation  of  the  fibrinogen,  from  which 
it  might  be  inferred  that  the  fibrin ogun  was  derived  from  the  globulin, 
as  Schmidt  thought.  But  against  tliis  conclusion  is  the  fact  that  the 
decrease  takes  place  during  the  defibrination  and  not  during  the  reforma- 
tion. It  looks  rather  as  if  some  of  the  serglobulins  contributed  to  the  for- 
mation of  the  fibrin  and  this  is  not  impossible.  Schmidt  found  that  the 
weight  of  the  fibrin  recovered  from  serum  was  increased  by  the  addition 
of  paraglobulin  to  the  serum.  The  relation  of  the  fibrinogen  to  the  other 
proteins  is  still,  therefore,  a  matter  to  be  investigated. 

The  source  of  the  other  blood  proteins  is  still  more  obscure  than  that 
of  fibrinogen.  The  same  method  may  be  used  in  their  study.  The 
defibrinated  blood  may  be  centrifugalizod,  the  corpuscles  suspended  in 
Ringer's  solution  and  reinjected.  It  is  necessary  to  add  to  the  Ringer's 
solution  some  gum  arable  to  make  the  viscosity  right.  After  several 
drawings  and  reinjections  the  blood  is  nearly  freed  from  the  proteins. 
The  course  of  their  reappearance  can  then  be  watched.  The  method  is 
tedious  and  time-consuming.  It  is  found  that  the  paraglobulin  and 
albumin  will  be  reformed  in  about  the  same  time  as  is  required  for  the 
reformation  of  the  fibrinogen.  Nothing  is  known  of  the  origin  of  these 
proteins. 

Function  of  the  endothelium  of  the  blood  vessels. — It  is  the  pur- 
pose of  this  book  to  raise  questions  and  if  possible  to  raise  more,  by 
far,  than  it  answers.  The  question  must  occur  to  every  student  of 
physiology  what  is  the  function  of  the  endothelium  of  the  blood  vessels  ? 
These  are  generally  thought  of  as  passive  tubes  for  the  transportation 
of  the  blood,  but  we  must  now  consider  them  as  living  things.  They 
have  a  good  nerve  supply.  What  is  the  function  of  these  nerve  fibers 
distributed  to  the  capillaries  of  the  body?  The  vascular  and  lymphatic 
endothelium  is  a  great  organ,  a  living  tissue,  penetrating  all  the  organs 
and  parts  of  the  body.  It  is  probably  not  passive  since  it  certainly  plays 
a  part  in  the  coagulation  of  the  blood.  It  must  be  constantly  interacting 
with  the  blood,  changing  its  composition,  possibly  affecting  its  viscosity, 
controlling  the  secretion  of  lymph,  and  possibly  contributing  hormones 
of  importance  to  the  body.  Histamine  has  a  powerful  influence  upon  it. 
What  substances  does  it  require  for  its  nutrition?  Does  it,  like  the 
corpuscles  of  the  blood,  send  out  into  the  stream  fine  processes?  Does 
it  take  fibrinogen  out  of  the  blood  and  put  it  in?  If  it  controls  the 
viscosity,  as  its  relation  to  the  clotting  implies,  how  does  it  do  it?  Is  it 
by  shedding  fibrin  ferment?  By  secreting  enzymes  specifically  suited 
to  the  blood  proteins?  Is  it  in  these  cells  that  the  strange  proteins 
injected  into  the  blood  are  imprisoned  and  do  they  form  the  specific 
enzymes  which  appear  in  the  blood  when  strange  proteins  are  injected? 
Do  they  form  the  precipitins  and  immune  bodies?  Is  their  activity 
controlled  by  the  nervous  system?    Are  they  actively  phagocytic?    Do 


THE    BLOOD.      THE    CIRCULATING    TISSUE  559 

they  change  their  adhesiveness  as  the  corpuscles  do,  so  that  bacteria  and 
other  cells  will  stick  to  them?  Here  is  an  organ  coextensive  with  the 
body  of  which  we  know  very  little.  Who  knows  but  that  some  great 
gaps  in  our  knowledge  of  the  most  fundamental  questions  may  not  be 
solved  by  its  study.  In  the  text-books  of  the  future  it  may  be  that  more 
than  a  chapter  must  be  given  to  this  tissue  of  whose  chemistry, 
metabolism  and  function  we  are  so  profoundly  ignorant. 
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CHAPTER  XIII. 

THE  MASTER  TISSUE  OP  THE  BODY. 

THE  BRAIN  AND  NERVOUS  SYSTEM. 


CHEMISTRY  AND  METABOLISM  OP  THE  MASTER  TISSUE  OF  THE  BODY. 

The  brain  and  nervous  system  control,  either  directly  by  nerve  im- 
pulses or  indirectly  through  the  blood  stream,  the  metabolism  and  ac- 
tivity of  all  the  other  tissues  of  the  body.  They  are,  hence,  the  master 
tissue  of  the  body.  While  the  greater  part  of  the  metabolism  of  the 
body  is  muscular  metabolism,  the  muscles  by  their  bulk  dominating 
the  character  of  the  metabolism  of  the  body  as  a  whole,  the  superior 
reactivity  or  irritability  of  the  nervous  tissue  enables  it  to  control  or 
to  set  the  pace  for  all  the  other  tissues. 

The  chemistry  and  metabolism  of  the  nervous  tissue  is  from  almost 
every  point  of  view' the  most  absorbing  and  interesting  of  the  problems 
of  physiological  chemistry.  In  the  evolution  of  the  vertebrates  it  seems 
to  have  been  this  tissue  more  than  any  other  upon  which  the  attacks  of 
natural  selection  have  been  directed.  Between  the  marsupials  and  the 
placental  mammals  the  chief  difference  is  not  so  much  a  change  of  form 
or  structure  of  the  body  as  it  has  been  a  change  in  capacity  of  the  skull ; 
a  change  in  brain  power.  And  the  marsupials  were,  undoubtedly,  in  this 
respect,  superior  to  the  monotremes.  It  is  brains  which  have  won  sur- 
vival in  the  struggle  for  existence.  Evolution,  since  the  appearance  of 
the  vertebrates  at  any  rate,  is  especially  characterized  by  the  steady 
development  of  the  nervous  system,  its  increase  in  amount  and  com- 
plexity. Concomitant  with  this  perfecting  has  come  the  development  of 
memory,  self-consciousness  and  reason.  It  is,  indeed,  astonishing  how 
extraordinarily  small  was  the  amount  of  nervous  tissue  in  the  gigantic 
Dinosaurs,  reptiles  which  once  must  have  dominated  creation.  But  they 
were  undoubtedly  supplanted  by  their  more  clever  though  smaller  rela- 
tives. The  vertebrates  differ  from  the  invertebrates,  also,  as  profoundly 
in  the  amount  of  nervous  tissue  they  contain  as  in  any  other  way.  The 
cireumesophageal  ring  of  nervous  matter  of  the  invertebrate  is  re- 
placed by  the  great  ganglia  of  the  vertebrate  brain.  In  fact  the  whole 
of  evolution  is  characterized  by  the  steady  development  of  the  nervous 
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system  and  by  the  steady  development  of  no  other  tissue.  The  power 
of  adapting  the  organism  to  a  changing  environment  and  thus  to 
secure  liberty  from  environmental  trammels  has  been  the  problem 
nature  has  had  to  solve.  It  solved  it  by  the  development  of  a  tissue 
of  the  body  which  should  be  most  irritable,  which  should  control  the 
other  tissues  and  which,  having  memory,  could  profit  by  experience. 
Adaptability  of  organisms  was  the  end  sought  and  this  was  obtained  by 
the  selection  of  the  function  of  irritability.  The  nervous  tissue  and  it 
alone  shows,  hence,  a  fairly  steady  progress  from  the  lowest  to  the 
highest  animals.  It  is  by  means  of  his  nervous  system  and  in  that  re- 
spect only  that  man  stands  at  the  summit  of  the  animal  world. 

Not  only  has  the  nervous  system  been  the  point  of  attack  of  natural 
selection  and  so  has  played  a  predominant  part  in  evolution,  but  it  is 
also  of  the  highest  importance  in  embryological  development.  Since  it 
is  to  control,  directly  or  indirectly,  the  metabolism  of  all  the  other  tissues 
of  the  body,  it  is  almost  or  quite  the  first  of  the  tissues  to  be  set  apart 
in  embryogenic  development.  Its  development  appears,  according  to 
Child,  to  set  the  pace  for  the  development  of  the  other  tissues  which 
follow  it.  It  is  probable  that,  like  the  growing  bud  of  the  plant,  the 
metabolism  in  the  embryonic  nervous  system  is  higher  than  in  any  other 
tissue  of  the  body.  In  the  vertebrate  it  is  the  rudiment  of  the  nervous 
system,  the  nervous  folds  of  the  cord  and  brain  and  the  eye  vesicles 
which  appear  earliest  in  development. 

The  function  of  the  fore-brain  and  particularlj'  of  the  cerebral 
hemispheres  is  memory  and  reason;  This  organ  is,  as  it  were,  an  epitome 
of  the  whole  body,  for  it  is  brought  into  relation  with  every  part  by 
means  of  nerve  fibers.  No  doubt  this  centralization  of  the  body  in  the 
brain  plays  a  part  in  the  development  and  perfecting  of  self-conscious- 
ness and  memory.  Reasoning  and  all  our  psychic  life  are  dependent,  in 
some  unknown  way,  upon  this  master  tissue.  For  these  reasons  the  study 
of  the  chemical  composition  and  chemical  transformations  of  the  brain 
possesses  a  fascination  above  that  of  the  metabolism  of  any  other  part  of 
the  body  whatever. 

Structure. — The  nervous  system  is  partly  condensed  into  great 
ganglia  constituting  the  brain  and  spinal  cord,  which  are  found  in  the 
cavities  of  the  skull  and  vertebrae ;  and  in  part  it  is  distributed  through 
the  body  in  the  form  of  ganglia  or  nerve  fibers  or  isolated  nerve  cells. 
Among  these  groups  of  ganglia,  which  are  outside  of  the  spinal  canal, 
the  ganglia  of  the  sympathetic  system  found  ventral  to  the  vertebrae  and 
in  the  abdomen  are  the  most  important.  We  shall  treat,  in  this  chapter, 
almost  exclusively,  the  composition  of  the  brain  and  cord,  since  these 
have  been  most  studied. 

The  brain  is  composed  chiefly  of  nerve  cells  with  their  processes,  the 
dendrites  and  nerve  fibers.     There  is  also  present,  however,  a  small 
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amount  of  connective  tissue  supporting  the  blood  vessels ;  and  a  kind  of 
supporting  tissue  composed  of  peculiar  branching  cells  called  neuroglia 
cells.  These  neuroglia  cells  appear  to  support  the  nerve  cells.  Nothing 
is  more  striking  or  significant  in  considering  the  metabolism  of  this 
tissue  than  the  arrangements  which  insure  a  very  large  blood  supply. 
The  brain  is  supplied  with  blood  from  the  external  carotids,  the  internal 
carotids  and  the  vertebral  arteries;  these  pour  their  blood  into  a  com^ 
mon  series  of  great  vessels  about  the  base  of  the  brain  called  the  circle 
of  Willis  and  from  this  the  blood  vessels  are  given  off  penetrating  every 
portion  of  the  brain  substance.  It  thus  happens  that  even  if  both  ex- 
ternal carotids  are  compressed,  or  otherwise  rendered  incapable  of  carry- 
ing blood,  the  other  arteries  are  able  to  supply  the  needs  of  the  brain. 
This  remarkably  copious  blood  supply,  when  taken  in  connection  with 
the  sudden  change  in  activity  of  the  brain  when  that  supply  is  deficient, 
indicates,  very  clearly,  that  the  brain  must  have  a  very  intense  me- 
tabolism. 

The  brain  cells  have  usually  two  kinds  of  processes,  the  axon,  so 
called,  and  the  dendrites;  the  former  generally  constitutes  the  nerve 
fiber  and  in  the  vertebrates  is  generally  surrounded  by  a  special  sheath, 
the  medullary  sheath.  By  means  of  these  fibers  the  cells  are  brought 
into  connection  with  other  nerve  cells  at  a  distance,  or  with  muscular 
and  other  tissues.  One  of  these  processes,  the  principal  one,  as  has  been 
said,  is  often  surrounded  by  a  peculiar  cylindrical  sheath  of  a  glistening, 
white,  fatty  matter  of  a  peculiar  chemical  nature.  Nothing  is  definitely 
known  of  the  function  of  this  sheath,  but  it  gives  to  nerves  their  glisten- 
ing white  appearance;  and  in  the  brain  the  nervous  matter  may  be 
separated  into  white  and  gray  matter,  the  difference  between  these  de- 
pending on  the  relative  amounts  of  medullated  nerve  fibers  and  cell 
bodies.  The  parts  of  the  nervous  tissue  which  consist  chiefiy  of  cell 
bodies  and  dendrites  are  gray ;  the  fibers  are  white.  The  corpus  eallosum, 
the  broad  thick  band  of  medullated  fibers  connecting  the  two  cerebral 
hemispheres,  is  purely  white  matter;  the  great  ganglia  of  the  corpora 
quadrigemina  and  striata,  and  the  cortex  of  the  cerebrum  are  largely 
gray  matter.  These  different  parts  of  the  brain,  the  white  and  gray 
matter,  have  different  functions  and  different  chemical  compositions. 
The  gray  matter  is,  on  the  whole,  more  automatic,  in  that  nerve  impulses 
originate  in  it  •  the  white  matter  is  more  purely  a  conducting  tissue. 

Chemistry. — The  chemical  composition  of  the  brain  can  be  best 
studied  in  the  human  brain,  for  not  only  is  man's  brain  the  largest,  but 
the  peculiar  psychical  processes  correlated  with,  or  dependent  upon, 
the  nervous  system  have  in  him  reached  their  highest  development. 
His  brain  is  the  most  highly  differentiated  and  appears  to  be  the  most 
perfect.    We  should  expect  to  find  in  it,  in  the  largest  amounts,  and  in 
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the  purest  unmixed  state,  the  peculiar  substances  upon  which  the  psychic 
processes  depend.  It  is,  moreover,  relatively  easy  to  obtain  human  brain 
material  for  analysis;  the  large  number  of  accidents  by  which  men  in 
the  prime  of  life  are  killed  making  available  brain  material,  unaltered  by 
disease. 

The  most  striking  point  of  difference  between  the  chemistry  of  the 
brain  and  that  of  other  tissues  is  the  very  large  quantity  of  alcohol- 
ether  soluble  substances  it  contains ;  that  is  the  very  large  proportion  of 
lipins  in  it.  No  other  tissue  has  anything  like  such  a  proportion,  with 
the  exception  of  fat  tissue  itself.  The  lipins  of  the  brain,  however,  are 
almost  entirely  free  from  neutral  fat.  There  is  practically  no  neutral 
fat  in  the  human  brain;  the  lipins  found  there  contain  large  amounts 
of  phosphoric  acid,  or  at  least  many  of  them  do;  they  are  phospho- 
lipins,  glycolipins  and  cholesterol.  That  these  lipins  have  a  very  im- 
portant function  in  the  physiology  of  the  brain  there  can  be  no  doubt, 
since  they  are  present  in  very  much  smaller  amounts  in  the  embryonic 
nervous  system  and  they  develop  pari  passu  with  the  development  of 
the  functions  of  the  brain.  Most  of  these  lipins  are  in  the  white  matter 
of  the  brain ;  but  the  proportion  is  also  high  in  the  gray.  The  proteins 
are  far  less  prominent  among  the  total  solids  than  in  muscle.  In  both 
white  and  gray  substance,  however,  water  makes  by  far  the  greater 
proportion  of  the  weight.  Thus,  in  the  gray  matter,  it  is  85.27  per  cent. ; 
in  the  white  matter  of  the  adult  human  brain  it  is  70.23  per  cent.  The 
proportion  of  water  varies  with  the  age,  being  largest  in  the  youngest 
brains. 

Our  knowledge  of  the  chemical  composition  of  the  brain  is  owing 
largely  to  Thudichum,  a  man  of  extraordinary  care,  accuracy,  insight 
and  industry,  whose  abilities  were  much  underrated  during  his  life. 
For,  owing  to  various  causes,  he  alienated  many  of  his  colleagues,  espe- 
cially those  in  Germany  who  ignored  and  neglected  his  work.  There 
is  now,  however,  no  question  that  he  was  far  in  advance  of  all  others  in 
this  difficult  field  and  his  book,  published  in  1884,  entitled,  A  treatise 
on  the  cJieynical  composition  of  tlie  brain,  based  throughout  on  origivai 
researches,  and  republished  in  1901  in  German,  is  a  monument  to  his 
ability  and  insight.  A  German  by  birth,  he  lived  most  of  his  life  in 
England.    He  died  in  1902. 

Chemical  Examination  of  the  Brain.  Separation  of  the  Phosopho- 
lipins. — The  method  adopted  by  Thudichum  for  the  chemical  examina- 
tion of  the  brain  consisted  in  first  freeing  the  brain  from  its  membranes, 
the  pia  mater,  etc.,  and  the  blood  vessels,  then  drying  and  extracting  it 
thoroughly  with  alcohol  and  ether.  To  get  rid  of  the  water  in  it  the 
brain  can  either  be  ground,  or  cut  into  small  pieces  and  dried  in  a  cur- 
rent of  air;  or  the  pieces  may  be  placed  in  90  per  cent,  alcohol,  at  least 
three  volumes  of  alcohol  to  each  volume  of  brain.    The  latter  method 
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is  tiie  one  described  here  as  it  is,  on  the  whole,  the  better.  The  cold 
alcoholic  extraction  should  be  once  repeated.  This  treatment  coagulates 
all  the  proteins  and  takes  in  the  alcohol  most  salts  and  so-called  ex- 
tractives. The  hardened  brain  substance  is  then  ground  still  finer  and 
suspended  in  a  small  amount  of  fresh  alcohol  and  put  through  a  wire 
sieve  of  144  meshes  to  the  inch,  by  means  of  a  stiff  brush.  This  reduces 
the  material  to  a  fine  puree,  which  can  be  thoroughly  extracted.  The 
material  is  then  heated  to  70°,  with  a  large  amount  of  85  per  cent  alcohol, 
filtered  hot  through  a  cloth  first  and  then  a  filter  paper,  and  the  residue 
reheated  with  fresh  alcohol  five  times.  To  exhaust  it  completely  it 
must  be  boiled  at  least  15  times  more  with  85  per  cent,  alcohol  or  abso- 
lute alcohol ;  even  then  some  substances  slightly  soluble  in  alcohol,  prob- 
ably anhydrides  of  the  lipins,  remain  behind  in  the  proteins.  By  this 
repeated  boiling  with  alcohol  of  85  per  cent.,  followed  by  absolute  al- 
cohol, practically  all  of  the  brain  lipins  are  removed  and  the  proteins 
left  in  a  coagulated  form.  These  united,  hot  alcohol  extracts,  if  allowed 
to  stand  cool  for  12  to  24  hours,  separate  out  a  large  quantity  of  a  white 
precipitate,  which  appears  crystalline  under  the  microscope,  but  is  not 
homogeneous.  This  material  may  be  called  "  white  substance."  It  is 
collected  on  a  cloth,  the  mother  liquor  pressed  out  and  serves  for  further 
fractioning  into  its  constituents.  It  is  sometimes  called  crude  protagon. 
It  contains  nearly  all  the  glyeolipins  (cerebrosides),  cerebric  acids, 
much  cholesterol,  eephalin  (kephalin),  various  myelins  and,  if  the  alco- 
hol solution  was  concentrated,  some  lecithin,  amino-lipotides  (amino- 
lipins)  and  small  amounts  of  other  substances.  If  the  alcoholic  filtrate 
from  the  white  substance  is  concentrated  by  further  evaporation  until  a 
test  portion  settles  out  a  precipitate  on  cooling  and  is  then  allowed  to 
cool,  a  precipitate  comes  out  having,  when  pressed  in  a  cloth,  a  soft 
buttery  consistence  and  a  yellow  color.  This  precipitate,  which  may  be 
called  the  "  buttery  substance,"  is  separated  by  filtration.  It  consists 
of  much  cholesterol,  most  of  the  lecithin  and  other  phospliolipins  (phos- 
phatides) ;  the  amino-lipins ;  but  only  traces  of  cerebrosides  and  cerebric 
acids. 

The  alcohol  filtrate  from  the  "  buttery  substance  "  is  still  further 
evaporated  by  distillation  as  long  as  alcohol,  capable  of  burning,  comes 
over.  It  is  then  evaporated  further  on  the  water  bath  in  a  porcelain 
dish.  As  soon  as  the  last  traces  of  alcohol  are  gone,  there  form,  on 
the  surface  of  the  remaining  water,  oily  drops  uniting  to  masses,  which 
hang  to  the  sides  of  the  dish.  This  forms  the  "  oily  material  or  sub- 
stance." It  is  separated  hot,  because  if  allowed  to  cool  it  mixes  again  to 
an  emulsion  with  the  water.  The  "  oily  substance  "  contains  some 
cholesterol,  but  consists  chiefiy  of  amino-lipins  (amino-lipotides) 
(bregenin)  and  phosphatides  (kephalin). 
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The  aqueous  solution,  which  is  left,  contains  the  extractives,  namely, 
inosite,  lactic  acid,  salts,  succinic  acid,  hypoxanthine,  alkaloids,  amino- 
acids  and  inorganic  salts.  This  extract  may  be  united  with  the  extract 
obtained  by  evaporating  the  cold  alcohol,  which  was  used  for  dehydra- 
tion. The  latter  has  in  it,  also,  some  phospholipin.  This  may  be  re- 
moved most  easily  by  shaking  it  up  with  water  to  make  an  emulsion, 
then  adding  some  chloroform  in  small  amount,  shaking  again  and  mak- 
ing it  acid  by  the  addition  of  hydrochloric  acid.  The  lipins  come  out  as 
an  emulsion,  which  may  be  filtered  from  the  water  which  contains  the 
extractives. 

The  partition  of  substances  sketched  above  may  be  summarized  in  the 
following  table  (Thudichum,  Gehirn,  p.  79)  : 

1.  First  extractive  substances  in  the  cold  alcohol -for  hardening  and  dehydrating. 

2.  Insoluble  protein  and  tissue  residue  containing  neuroplastin,  protein,  nuclein, 
phosphoproteins. 

3.  White  substance  containing: 

a.  Kephalin  with  varieties  and  compounds. 

b.  Lecithin  with  varieties  and  compounds. 

c.  Paramyelin  with  varieties  and  compounds. 

d.  Myelin  with  varieties  and  compounds. 

e.  Amino-myelin  with  varieties,  and  compounds. 

f.  Cholesterol  and  Phrenosterol. 

g.  Cerebrin  mixture,  mixture  of  cerebrosides   (glycolipins),  cerebric  acids, 
cerebro-sulphatides  and  amino-lipotides  with  sphingomyelin  and  assurin. 

4.  Buttery  substance  containing: 

a.  Kephaloidins  with  varieties  and  compounds. 

b.  Lecithin. 

o.  Paramyelin. 

d.  Myelin. 

e.  Amino-myelin. 

f.  Sphingo-myelin,  and  assurin  (small  aniount). 

g.  Cholesterol  and  Phrenosterol. 

h.    Phrenosin  and  other  cerebrosides. 
i.    Amino-lipins  (Amino-lipotides). 

5.  Oily  substance  containing: 

a.     Lecithin;  b.    Paramyelin;  c.    Oily  liquid  material  of  amino-lipotides. 

6.  Last  aqueous   brain  extract  containing: 

a.    Alkaloids    (hypoxanthine,   etc.).    b.  Amino-acids.      c.  Inosite.      d.  Organic 
acids  and  salts,    e.  Inorganic  acids  and  salts. 

Fractionwig  the  white  substance.  Both  the  white  and  buttery  sub- 
stances may  be  fractioned.or  separated  into  their  constituents  by  the 
methods  given  in  Thudichum.  By  extracting  these  substances  with  cold 
ether  all  the  sterols  and  most  of  the  phospholipins  go  into  solution,  leav- 
ing a  white  substance  ^undissolved.  This  white  substance  consists  chiefly 
of  cerebrin  and  cerebrosides,  cerebric  acid  and  sulphatides.  The  kephalin 
is  separated  from  the  lecithin  and  some  other  phospholipins  in  the  ether 
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extract  of  the  white  and  buttery  substances  by  the  addition  of  three 
N^olumes  of  absolute  alcohol.  This  precipitates  an  impure  kephalin. 
It  may  be  purified  by  repeated  solution  and  precipitation  and  finally  by 
precipitation  with  cadmium  chloride.  Further  details  are  given  in 
Thudichum.  We  may  now  consider  these  various  products,  or  educts,  in 
detail. 

Lecithin. — This  is  a  phospholipin,  or  phosphatide,  as  it  is  called  by 
Thudichum.  The  term  phosphatide  lays  chief  stress  upon  the  phosphoric 
acid  of  the  molecule ;  while  phospholipin  emphasizes  its  fatty  character. 
Lecithin  is  found  in  the  white  substance  in  part,  but  in  largest  amount 
in  the  buttery  substance.  It  is  separated  from  the  white  or  buttery  sub- 
stance by  extracting  these  with  cold  ether.  The  cephalin  is  separated 
from  the  lecithin  by  the  addition  of  three  volumes  of  absolute  alcohol  to 
the  ether.  This  precipitates  nearly  all  of  the  cephalin,  but  leaves  the 
lecithin  in  -solution.  The  filtrate  is  precipitated  by  the  addition  of  al- 
coholic ammoniacal  lead  acetate  to  get  rid  of  the  rest  of  the  cephalin, 
cephalin  being  precipitated  by  this  reagent,  but  lecithin  not.  The  mye- 
lins, etc.,  are  also  precipitated ;  the  filtrate  is  distilled  to  remove  ammonia 
and  ether  until  fairly  pure  cholesterol  begins  to  come  out.  If  some  salve- 
like lecithin  comes  out,  this  is  redissolved  in  85  per  cent,  warm  alcohol. 
To  this  warm  solution  a  warm  saturated  solution  of  CdClj  in  85  per  cent, 
alcohol  is  added,  little  by  little,  as  long  as  a  precipitate  forms  and  then 
about  as  much  more  CdClg  as  had  already  been  added  is  poured  in. 
The  lecithin  CdClj  compound  crystallizes  out  as  a  white  precipitate. 
This  is  washed  by  decantation  with  85  per  cent,  alcohol.  This  precipitate 
is  dried  and  freed  from  ether-soluble  substances  by  prolonged  extraction 
with  boiling  ether.  Krinosin  is  the  main  impurity  removed.  The  pre- 
cipitate is  next  extracted  with  cold,  water-free  benzol  to  remove  traces 
of  the  cBphalin-CdCla,  and  finally  is  extracted  with  hot  benzol,  which  dis- 
solves the  lecithin  cadmium  chloride,  but  leaves  behind  the  para-and 
amido-myelin  cadmium  chlorides,  which  remain  insoluble.  The  lecithin 
cadmium  chloride  compound  is  precipitated  from  the  benzol  by  the 
addition  of  absolute  alcohol  and  is  recrystallized  from  hot  alcohol. 

There  is  thus  obtained  lecithin-CdClj,  which  crystallizes  in  spheres 
and  stars  of  microscopic  crystals.  The  purest  lecithin  cadmium  chloride 
compound  of  ox  brain  had  the  composition :  C43Hs4NP0,CdClo.  Lecithin 
may  be  freed  from  the  cadmium  chloride  by  suspending  it  in  85  per 
cent,  alcohol  and  passing  in  HjS.  It  is  filtered  through  a  hot  funnel. 
On  cooling  a  felt  work  of  fine,  needle-shaped  crystals  of  lecithin 
chloride  separate  out.  These  crystals  are  microscopic  plates,  often  hexag- 
onal and  very  thin,  so  that  they  may  be  bent  over  to  look  like  needles. 
They  dry  in  vacuo  to  a  white,  easily-powdered  mass  of  the  composition ; 
C    H    NPOCl;  orC    H    NPO  CI..     HCl:  N:  P::  1 :  1.03:  1.09. 

43     85  8        '  42      83  s 
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Pure  lecithin.  This  is  a  white  crystalline  body,  the  crystals  being 
thin  plates,  which,  when  pressed  together,  have  a  waxy  consistence,  but 
it  is  stickier  than  wax.  It  is  very  soluble  in  85  per  cent,  alcohol  and 
more  soluble  still  in  absolute  alcohol.  It  is  soluble  in  ether  and  chloro- 
form, but  does  not  crystallize  from  them  on  evaporation.  It  is  not 
precipitated  from  its  alcoholic  solution  by  ammonia  and  lead  acetale. 
When  put  in  concentrated  sulphuric  acid  it  dissolves  with  a  yellow  color 
and  if  to  this  sugar  solution  is  added,  a  deep  purple  red  color  develops 
(Pettenkofer's  reaction).  This  is  due  to  the  oleyl  group  in  the  lecithin. 
The  purple  coloring  matter  is  soluble  in  glacial  acetic  acid  and  shows 
absorption  bands  between  D  and  E  and  in  the  blue.  If  lecithin  cadmium 
chloride  is  suspended  in  water  and  dialyzed  the  lecithin  remains  in  the 
tube ;  the  cadmium  chloride  is  dialyzed  away. 

The  chief  properties  of  lecithin  are  due,  according  to  Thudichum,  to 
the  oleic-acid  group  it  contains,  but  it  is  obvious  that  all  of  its  constitu- 
ents, and  particularly  the  phosphoric  acid,  contribute  to  its  properties. 
The  oleic-acid  radicle  is  somewhat  more  easily  separated  than  the  others. 
Thus  it  comes  off  readily  when  the  PtCl4HCl  lecithin  compound  is  made. 
By  decomposition  with  acids,  or  barium  hydrate,  lecithin  yields  neurine 
(choline  according  to  most  observers),  oleic  acid,  palmitic  acid  or  stearic 
and  glyceryl-phosphoric  acid.  The  formula  for  lecithin,  given  on 
page  90,  is  that  of  Diakonow,  derived  from  the  study  of  egg  yolk  lecithin, 
but  it  is  uncertain  what  the  formula  really  is,  since  Diakonow  at  no  time 
probably  had  pure  lecithin  in  his  hands  for  analysis.  How  the  various 
radicles  are  united  to  make  lecithin  is  still  uncertain  except  that  gly- 
cerol is  united  with  the  phosphoric  acid  to  make  glyceryl-phosphoric 
acid.  The  chief  lecithin  of  the  brain  is  oleylpalmityl-glyceryl-neuryl- 
phosphatide.  The  other  lecithins,  containing  stearyl  in  place  of  palraityl, 
are  present  only  in  small  amounts.  To  indicate  his  belief  that  phosphoric 
acid  is  at  the  basis  of  the  molecule,  whence  the  name  phosphatide,  Thudi- 
chum represents  the  molecule  as  follows: 

,   C  H   0    ^ 

[  18      S3     2       1 

\       C     H     0        I 

It  is  probable  that  the  formula  is  really  that  given  by  Diakonow  with 
the  fatty  acids  substituted  in  the  glycerol;  and  the  choline,  if  present, 
united  through  the  hydroxyl  of  the  carbon,  rather  than  that  of  the 
nitrogen,  to  the  phosphoric  acid.  Thudichum  states  that  he  has  very 
carefully  examined  the  base  of  brain  lecithin  and  that  it  is  neurine  and 
not  choline.  Unless  the  lecithin  is  suspended  in  water  and  shaken  with 
hydrochloric  acid  it  is  impossible,  he  says,  to  free  it  from  potassium, 
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which  on  hydrolysis  precipitates  with  the  platinum  chloride-neurine  com- 
pound, so  that  most  of  the  cholines  examined  have  been  impure.  If 
neurin  pre-exists  in  the  molecule  it  is  very  difficult  to  see  how  it  can  be 
attached,  since  the  formation  of  the  chloride  of  lecithin  indicates,  very 
clearly,  that  the  hydroxyl  of  the  nitrogen  is  free.  It  seems  to  the 
author  more  probable  that  the  base  in  lecithin  is  choline,  from  which 
neurine  is  formed  on  decomposition.  There  do  not  seem  to  be  determina- 
tions of  the  molecular  weight  of  lecithin.  It  is  certainly  colloidal  in 
aqueous  solution.  It  is  possible  that  the  formula  is  more  complex  than 
appears.  Possibly  the  phosphoric  acids  may  be  joined  much  as  they 
are  in  nucleic  acid  to  give  poly-phosphatides.  The  whole  matter  of  the 
composition  of  the  lecithin  molecule  is  in  need  of  investigation.  Lecithin 
i.s  often  considered  to  be  unstable,  but  Thudichum  states  that  lecithin,  in 
a  dry  state,  or  as  the  CdCl2  compound,  is  so  stable  tliat  it  may  be  kept 
for  years  without  change;  and  even  as  the  hydrate  when  suspended  in 
water  it  does  not  easily  change.  It  is  wet  by  water,  does  not  float  like 
fats,  but  sinks  to  the  bottom,  and  swells  to  form  an  emulsion  if  it  is 
present  in  less  than  1  part  to  100  of  water.  It  does  not  dialyze.  A  very 
interesting  fact  is  that,  as  ordinarily  prepared,  it  contains  some  potas- 
sium. It  probably  exists  in  the  cells  in  part  as  a  potassium  salt.  It  has 
the  property  of  making  myelin  forms  which  are  liquid  crystals. 

Kephalin. — Another  mono-amino-mono-phosphatide  is  kephalin  (Gr. 
kephalos,  brain),  or  cephalin  if  the  Latin  spelling  is  used.  This  differs 
from  lecithin,  according  to  Thudichum,  in  that  it  contains  another  acid, 
cephalinie  acid,  which  is  an  unsaturated  acid  of  the  linolinic  acid  series, 
.in  place  of  oleic  acid.  It  differs,  also,  as  we  now  know,  in  the  character 
of  the  base  it  contains;  it  contains  no  choline,  but  in  place  of  it  amino- 
ethyl  alcohol,  or  oxy-ethyl  amine.  This  was  isolated  frotn  it  by  Thudi- 
chum. Possibly  other  bases  are  also  present,  i.e.,  ^-hydroxy-a-amino 
butyric  acid  (McArthur). 

Preparation.  It  is  isolated  from  the  ether  extract  of  the  "  white 
substance  "  or  by  extracting  the  dry  brain  with  ether.  The  extracts  are 
concentrated  and  freed  from  cholesterol  by  precipitation  with  acetone. 
The  precipitate  is  redissolved  in  ether,  if  not  clear,  allowed  to  stand 
until  any  white  matter  has  separated  out,  and  the  decanted  clear  solu- 
tion precipitated  by  the  addition  of  absolute  alcohol  as  long  as  a  pre- 
cipitate forms.  Cephalin  is  precipitated.  After  standing  24  hours  in 
the  cold  the  liquid  is  poured  off  from  the  cephalin  precipitate.  This 
precipitate  is  redissolved  in  ether  and  reprecipitated  several  times  with 
alcohol  to  remove  cholesterol  and  lecithin.  It  is  then  emulsified  with 
100  parts  of  water,  allowed  to  stand,  separated  from  any  precipitate 
which  may  form  by  decantation  and  precipitated  by  the  addition  of 
hydrochloric  acid  just  sufficient  to  precipitate  it.    The  precipitate  rises 
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to  the  top  and  is  lifted  off  and  washed  with  water  until  by  the  separa- 
tion of  HCl  it  begins  to  get  slimy.  Then  it  is  freed  from  water  by 
alcohol,  dissolved  in  ether,  precipitated  by  alcohol,  dried  in  vacuo  and 
it  is  ready  for  analysis.  The  emulsification  and  precipitation  of  the 
cephalin,  by  acid,  is  necessary  to  free  it  from  bases,  Ca,  K  and  Na,  and 
phosphoric  acid,  which  stick  to  it.  There  is  always  some  ammonia 
separated  in  the  water,  and  Thudichum  states  that  the  aqueous  solu- 
tion from  the  emulsification  contains  copper,  giving,  on  evaporation,  a 
deep  blue  solution  with  ammonia.  This  point  should  be  reinvestigated 
to  see  whether  this  is  in  reality  a  normal  constituent  of  all  brains,  or 
present  only  in  human  brains  which  happened  to  come  for  analysis.  It 
is  possible  that  the  human  brains  he  examined  might  have-  come  from 
brass-workers  or  others  exposed  to  copper  poisoning.  The  calcium  and 
potassium  are  attached,  in  part,  directly  to  the  cephalin  molecule.  These 
salts  predominate  over  the  others  in  the  cephalin  just  as  they  do  in  the 
cell.  It  is  not  impossible  that  the  greater  predominance  of  potassium 
over  sodium  in  the  cell  may  be  due  to  this  firm  union  between  cephalin 
and  these  bases.  Similar  salts  are  recovered  from  most  phosphatides; 
particularly  from  myelin.  Their  possible  role  in  the  nerve  impulse  has 
been  discussed  by  Pike. 

Properties.  The  cephalin  thus  isolated  is  quite  possibly  still  impure. 
It  is  at  first  a  light  yellow  or  white  color,  but  in  ether  solution  it  changes 
rapidly  to  a  red.  It  unites  with  water,  forming  an  emulsion,  the  soluble 
cephalin  becoming  insoluble  by  heating  the  aqueous  solution.  A  part  of 
the  cephalin,  after  precipitation  with  CdClj,  when  freed  from  CdCl, 
by  dialysis  in  the  manner  described  for  lecithin,  will  diffuse  through 
the  paper.  It  makes  a  finer  emulsion  with  water  than  does  lecithin. 
It  is  soluble  in  water  saturated  with  ether.  100  parts  of  boiling  absolute 
alcohol  dissolve  9  parts  of  cephalin;  2  parts  come  out  on  cooling,  7  parts 
remain  in  solution.  It  is  much  less  soluble  in  alcohol  containing  water. 
Heated  in  water  to  90-100°  it  melts  to  a  thick,  dark  red  oil.  It  forms  a 
chloride  with  hydrochloric  acid.  This  chloride  is  soluble  in  ether  and  is 
not  precipitated  by  alcohol.  It  is  precipitated  from  an  ether-alcohol 
solution  completely  as  cephalin  PtCliHCl  by  PtCl^.  It  is  precipitated 
also  by  Ba  (OH)^,  and  Ca  (OH)^  and  ZnCl^.  The  affinity  of  CdCL  for 
cephalin  is  less  than  that  for  lecithin.  The  Pettenkofer  reaction  is  never 
so  good  as  that  of  lecithin.  In  cephalin  the  nitrogen  base  splits  off  first 
on  hydrolysis,  like  the  base  in  sphingomyelin.  Thudichum  obtained  by 
hydrolysis  neurine,  a  second  base  probably  amino-ethyl  alcohol,  which 
may  be  a  decomposition  product  of  neurine ;  a  third  base,  of  unknown 
nature;  cephalinic  acid,  which  is  apparently  an  unsaturated  partially 
oxidized  palmitic  or  stearic  acid;  and  glycerol.  He  isolated  cephalyl- 
phosphoric  acid,  which  is  cephalin  minus  the  neurine.    More  recent  de- 
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terminations  of  the  composition  of  eephalin  indicate  that  it  contains  no 
neurine.  Koch  found  that  when  heated  with  hydriodic  acid  it  gave  rise 
to  less  isopropyl  or  methyl  iodide  than  did  lecithin,  so  that  the  base  is 
certainly  not  neurine  or  a  methylated  base.  Miss  Foster  has  found  that 
the  iodide  obtained  by  Koch  was  isopropyl  iodide  from  the  glycerol. 
No  ■  methyl  iodide  is  formed.  It  is  probable  that  the  preparation  of 
Thudichum  was  still  not  pure.  There  is  no  doubt  that  the  chief  base 
present  is  oxyethyl  amine.  Baumann  obtained,  like  Thudichum,  amino- 
ethyl  alcohol  and  believes  that  this  is  the  only  base  present ;  on  the  other 
hand,  McArthur  has  isolated  amino-oxy-butyric  acid,  serine,  ethoxy 
amine  and  ammonia.  How  far  these  are  decomposition  products  and  how 
far  they  are  preformed  in  the  molecule  is  uncertain.  No  reliance  can  be 
placed  on  the  results  of  the  study  of  the  decomposition  products,  unless 
the  eephalin  has  been  carefully  separated  from  lecithin,  myelin  and 
other  phosphatides,  and  emulsified  and  treated  with  acids  to  free  it  from 
extractives  and  salts.  Neurine  breaks  up  readily  in  alkaline  solution, 
so  hydrolysis  in  an  alkaline  solution  yields  results  which  are  at  the  best 
difficult  to  interpret,  but  it  is  stable  in  acid.  Either  there  are  a  number 
of  cephalins  with  different  nitrogen  bases  or  products  in  various  stages 
of  decomposition  have  been  analyzed.  The  recent  work  of  Levine  indi- 
cates the  latter  as  probable.  There  is  also  unexplained  the  number  of 
oxygen  atoms  which  are  not  accounted  for  by  the  decomposition  products 
isolated. 

The  composition  of  cephalinic  acid  is  still  uncertain,  but  it  appears  to 
be  either  CigHjoOj  or  C17H30O3.  It  is  probably  a  mixture  of  very  un- 
saturated acids  of  the  linoleie  or  linolinie  acid  type  and  their  partially 
oxidized  derivatives.  The  constitution  of  eephalin  was  represented  as 
follows  by  Thudichum,  but  the  neuryl  radicle  should  be  replaced  by 
amino-ethyl  alcohol. 

{Kephalyl  C    H    O     . 
^         ■'  IS      24     3       1 

Stearyl     C    H    O 
•'  IS    35   2     L  _o    H    NPO 

Glyceryl    Cli^O^        C       ^43"8o'^'''"9 
Neuryl     C^Hj^ON     ^ 
The  manner  in  which  these  are  united  is  unknown,  as  is  also  the 
molecular  weight. 

The  extraordinary ,  reducing  powers  of  eephalin  due  to  the  unsatu- 
rated acids  are  extremely  suggestive  and  interesting.  In  eephalin  we 
have  a  body  greatly  more  reactive  than  lecithin,  capable  of  auto- 
oxidation  and  hence  of  respiration,  and  unstable.  These  phenomena, 
as  pointed  out  on  page  590,  are  possibly  related  to  the  phenomena  of 
respiration  and  memory  shown  by  the  nervous  system.  This  insta- 
bility is  one'  of  the  difficulties  in  the  way  of  obtaining  pure  eephalin. 
Another  possibility  exists  also :  namely,  the  molecule  may  be  formed 
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of  several  phosphoric-acid  groups  to  which  various  radicles  are  united. 
The  further  investigation  of  eephalin  will  probably  yield  results  of  great 
value. 

The  further  study  of  the  acids  present  indicates  that  they  are  stearic, 
as  found  by  Thudichum,  linolic,  linolenic  and  carnaubie  (MeArthur). 

Paramyelin. — This  is  another  mono-amino-mono-phosphatide  which  is 
present  in  the  white  substance.  It  is  precipitated  by  CdClj,  but  is  sepa- 
rated from  eephalin  CdClj  by  the  solubility  of  the  latter  in  cold,  water- 
free  benzol ;  and  from  lecithin  CdClj  by  its  solubility  in  hot  benzol.  The 
paramyelin  CdClj  is  insoluble  in  hot  benzol.  The  CdClj  salt  is  finally 
dissolved  in  boiling  85  per  cent,  alcohol,  from  which  it  crystallizes  on 
standing.  The  CdClj  compound  dissolved  in  hot  alcohol,  decomposed 
by  HjS  and  filtered  hot,  crystallizes  out  in  white  crystals  as  the  chloride. 
When  this  is  recrystallized  from  alcohol  it  loses  HCl  and  crystallizes 
in  rhombic  and  hexagonal  plates  like  lecithin  containing  4.31  per  cent. 
of  P  and  2.06  per  cent,  of  N.  The  computed  molecular  weight  was  721. 
The  formula:  CaaHysNPOg.CdClj.  On  decomposition  with  Ba  (OH) 2  it 
yields  glyceryl-phosphoric  acid,  neurine,  an  acid  giving  Pettenkofer's  re- 
action and  another  acid.  It  is  a  white,  solid,  crystalline  substance,  crys- 
tallizing from  hot  alcohol  in  plates  and  needles.  It  is  a  weaker  base 
than  lecithin  or  kephalin,  easily  losing  the  HCl.  It  is  found  both  in 
the  white  and  butter  substance.  This  substance  requires  further  exami- 
nation.   The  character  of  the  base  is  particularly  doubtful. 

Myelin. — This  mono-amino-mono-phosphatide  is  found  in  the  brain 
only  in  small  amounts.  It  is  sharply  distinguished  from  paramyelin  by 
its  lead  compound. 

Preparation.  If  the  white  substance  is  extracted  with  cold  alcohol 
and  allowed  to  stand  in  the  cold,  myelin  separates  out  mixed  with 
sphingomyelin.  The  precipitate  redissolved  in  hot  alcohol  is  precipi- 
tated by  alcoholic  lead  acetate;  the  lead  compounds  are  extracted  with 
boiling  alcohol  which  dissolves  the  sphingomyelin.  The  lead  compound 
is  also  insoluble  in  benzol.  If  it  is  suspended  in  hot  alcohol,  decomposed 
by  HjS,  filtered  hot,  white  myelin  crystallizes  out  on  standing.  When 
recrystallized  from  alcohol  it  tends  to  form  insoluble  anhydrides.  It  is 
not  precipitated  in  alcoholic  solution  either  by  CdClj  or  by  PtCl4. 

Properties.  It  crystallizes  out  of  ether  or  alcohol  on  cooling  the  satu- 
rated solution  either  in  spheres  or  very  small  microscopic  crystals.  In 
masses  it  is  white  like  bleached  ivory  and  when  powdered  it  is  entirely 
white.  It  dissolves  in  concentrated  H2SO4  without  color,  but  if  sugar 
solution  is  added  it  gives  a  deep  purple  substance  soluble  in  CHCI3.  The 
myelin  lead  compound  is  insoluble  in  ether ;  that  of  eephalin  is  soluble. 
Lecithin,  paramyelin,  amidomyelin  and  sphingomyelin  give  no  lead 
compound.    The  analysis  gave :  C,  63.41  per  cent. ;  H,  9.83  per  cent. ;  N, 
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1.79  per  cent. ;  P,  4.087  per  cent. ;  0,  20.874  per  cent.,  which  corresponds 
to  C40H75NPO10.    The  decomposition  products  are  unknown. 

Diamino-mono-phosphatides. — There  are  also  phosphatides  with  the 
nitrogen  and  phosphorus  in  the  proportion  of  2 : 1.  These  are  di-amino- 
mono-phosphatides. 

Amidomyelin.  This  is  a  diamino-mono-phosphatide  of  the  formula, 
Ci^HgjNaPOio,  which  is  isolated  as  a  CdClj  salt  from  the  buttery  sub- 
stance. It  crystallizes  as  the  salt  C44H82N,PO]o2CdCl2.  This  phos- 
phatide has  a  very  curious  property :  namely,  it  is  completely  soluble  in 
cold  water  when  freed  from  CdCl^  by  dialysis,  but  the  solution  gels  on 
heating.  The  gel  is  not  reversible,  it  does  not  redissolve  on  cooling.  This 
property  differentiates  it  from  the  other  phosphatides.  The  free  amido- 
myelin forms  snow-white,  microscopic  needles  and  plates  mostly  arranged 
in  stars.  Over  sulphuric  acid  it  drys  to  a  perfectly  white  powder.  It 
gives  Pettenkofer's  reaction  very  quickly  and  intensely.  Nothing  is 
known  about  its  decomposition  products. 

Sphingomyelin.  This  is  the  chief,  but  not  the  only,  phosphatide  left 
in  the  "  white  substance  "  when  this  is  extracted  with  ether.  The 
method  of  its  separation  is  long  and  involved  and  will  not  be  given  here. 
It  crystallizes  out  of  alcohol  in  thick  masses  of  needles,  stars  and  six- 
sided  plates.  It  is  almost  insoluble  in  ether  even  when  HCl  is  added. 
It  is  thus  separated  from  lecithin.  It  appears  to  combine  with  the 
cerebroside,  kerasin,  as  a  base  in  a  weak  union.  It  is  precipitated  by 
CdCla  from  85  per  cent,  alcohol  solution.  It  swells  in  water  and  makes 
an  emulsion.  The  CdClj  salt  loses  its  CdClg  on  dialysis.  •  The  analyses 
gave  C,  65.37  per  cent. ;  H,  11.29  per  cent. ;  N,  2.96  per  cent. ;  P,  3.24 
per  cent. ;  0,  17.14  per  cent.,  which  corresponds  to  the  formula, 
GsjHio^NaPOgHjO.  On  hydrolysis  it  yields  no  glycerol.  After  5  hours' 
heating  with  Ba(0H)2  only  neurine  is  given  off.  The  amount  of  neurine 
found  as  the  platinum  salt  was  1.1  grams,  where  1.3  grams  was  the 
theoretical.  There  remains  sphingomyelinie  acid,  CigHgjNPOia.  N:P:: 
1: 1.  This  yields  sphingol,  an  alcohol,  CgHigO,  or  CigHgeOa,  soluble  in 
alcohol  and  ether;  sphingosin,  a  base,  Ci^HgsNOj,  and  sphingo-stearic 
acid,  CigHgsOj,  probably  an  isomer  of  stearic  acid  melting  at  57°.  The 
CdClj  salts  are  beautifully  crystalline  and  white.  Sphingosin  is  appar- 
ently an  unsaturated,  mono-amino-dihydroxy  alcohol.  The  structure  is 
still  unknown.  The  sulphate  melts  at  233-234°  (uncor.)  and  the  rotation 
is  (ff)?,""  =—13.12  (+0.00)  in  a  solution  of  .5304  gr.  of  sphingosin  in 
5  c.c.  CHCI3  and  1  c.c.  glacial  acetic  acid.  The  recent  analyses  of 
sphingomyelin  by  Levene  showed  the  composition,  C,  64  per  cent. ;  H, 
11;  N,  3.40;  P,  3.60;  inorganic  bases,  3  per  cent.  N:P::2:1.  It  con- 
tains no  free  amino  nitrogen.  One  nitrogen  atom  is  in  the  form  of 
choline ;  the  nature  of  the  other  base  is  unknown ;  the  acids  split  off  on 
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hydrolysis  are  lignoceric  acid,  C^iB-^HO^,  and  cerebronic  acid,  CjpHgoOj 
(a  hydroxy  pentacosanic  acid),  and  sphingosin.  The  composition  of 
sphingosin  is  still  unknown,  but  its  composition  has  been  suggested  by 
Levene  to  be  C,jHj5CH=CH.CH0H.CH0H.CH,NH2. 

Diamino-diphosphatides. — These  contain  two  atoms  of  phosphorus 
and  two  of  nitrogen  to  the  molecule.  They  are  present  in  small  amounts 
only. 

Assurin.  This  is  found  in  the  alcoholic  extract  of  the  cerebroside 
mixture  after  the  separation  of  the  myelin,  sphingomyelin  and  kerasin. 
It  is  crystallized  as  the  PtCl^  salt,  which  is  insoluble  in  boiling  alcohol 
or  ether  and  is  either  2(C4eHs„N2P,OsHCl)+PtCI,;  or  2(C4,HioiN, 
P,OgHCl)  +PtCl4.  There  is  apparently  united  with  this  body  an  amino 
lipotide  phosphorus  free,  C4(,H„NOo.    It  may  be  identical  with  bregenin. 

The  cerebrosides  or  galactosides. — In  addition  to  the  phospholipins, 
the  brain  is  remarkable  for  the  group  of  bodies  called  the  cerebrosides, 
or  glycolipins.  These  are  not  found  in  the  embryonic  brain,  but  develop 
as  medullation  comes  on  and  are  to  be  found  chiefly  in  the  medullary 
sheaths  in  the  white  matter  of  the  brain.  The  most  important  of  the 
cerebrosides  are  Phrenosm  and  Kerasin,  or  the  cerebron  of  Thierfelder. 
The  cerebrosides  contain  no  phosphorus,  but  they  all  contain  nitrogen, 
a  sugar,  first  named  cerebrose,  but  later  shown  to  be  for  the  most  part 
galactose,  and  a  complex  fatty  acid. 

Phrenosin  and  kerasin.  These  two  cerebrosides  make  the  greater 
part  of  the  white  substance  left  behind  on  extraction  of  the  phosphatides 
with  ether.  They  are  quite  insoluble  in  ether,  but  are  soluble  in  alcohol, 
particularly  in  warm  alcohol.  They  crystallize  very  readily,  although 
it  is  not  so  easy  to  get  them  quite  clean.  Phrenosin  has  also  been  named 
cerebron,  by  Thierfelder,  but  it  is  better  to  keep  the  original  name. 
They  are  mixed  in  the  white  substance  with  another  cerebroside,  cerebric 
acids,  from  which  they  may  be  separated  by  precipitating  the  latter 
with  lead  oxide.  They  are  prepared  by  exhausting  the  white  substance 
by  extracting  with  ether.  If  now  they  are  redissolved  and  recrystallized 
from  hot  alcohol,  the  phosphorus  content  falls  to  about  .8  per  cent.,  but 
it  is  hard  to  get  it  lower.  To  purify  further  the  mass  is  rubbed  in  a 
mortar  with  an  alcoholic  solution  of  lead  acetate  containing  a  little 
ammonia,  and  then,  constantly  stirring,  it  is  poured  into  hot  85  per  cent, 
alcohol.  When  all  is  transferred  add  a;n  alcoholic  solution  of  lead 
acetate  and  ammonia  as  long  as  a  precipitate  forms ;  filter  hot ;  extract 
the  precipitate  repeatedly  with  hot  85  per  cent,  alcohol  and  collect 
the  precipitates  from  all  the  hot  alcohol  extracts  on  cooling.  Recrystal- 
iize  from  absolute  alcohol  and  filter  after  24  hours.  The  precipitate 
is  a  mixture  of  phrenosin  and  kerasin.  On  longer  standing  kerasin 
crystallizes  out.    The  separation  of  these  two  is  made  by  dissolving  theia 
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in  alcohol  so  that  they  are  not  too  concentrated  and  allowing  them  to 
cool.  Phrenosin  comes  out  above  28°.  Kerasin,  which  is  more  soluble, 
comes  out  below  28°.,  The  sphingomyelin  has  to  be  separated  by  CdCU. 
Recrystallizing  from  glacial  acetic  acid  also  helps  to  eliminate  the  last 
traces  of  the  phosphatide. 

Phrenosin.  Properties.  The  name  is  from  the  Greek,  phren,  brain. 
It  is  a  white  crystalline  substance,  which  when  warmed  in  water  becomes 
neither  doughy  nor  slimy,  but  floats  in  loose  flocculi  through  the  liquid. 
Rubbed  with  concentrated  H2SO4,  it  apparently  completely  dissolves, 
then  gradually  develops  a  purple  red  color  which  is  attached  to  particles 
in  the  acid.  These  are  soluble  in  CHCI3  or  glacial  acetic  and  show  spe- 
cific absorption  spectra.  The  color  reaction  belongs  to  the  sphingosin. 
No  sugar  need  be  added,  since  galactose  is  already  there.  Phrenosin  has 
the  composition  C4iH79N08  (Thudichum),  but  more  probably  C4gHmN0„ 
according  to  Levene.  When  boiled  with  acids  it  hydrolyzes  and  galactose 
is  set  free,  the  solution  acquiring  a  strong  reducing  power  in  conse- 
quence. It  yields  spMngosin,  C17H35NO2,  already  described  as  a 
decomposition  product  of  sphingomyelin ;  galactose ;  and  a  new  acid, 
which  Thudichum  thought  to  be  an  isomeric  stearic  acid,  but  which  is 
now  known  to  be  CagHjoOg,  phrenosinic,  or  cerebronic,  acid  ( a  hydroxy 
pentacosainic  acid).  On  decomposition  of  phrenosin,  the  cerebronic 
acid  breaks  oif  first  and  there  remains  a  compound  of  sphingosin 
and  galactose  of  a  basic  nature  named  psychosin,  CjaHigNOy.  Out  of 
hydrated  phrenosin  sulphuric  acid  splits  off  galactose,  leaving  cesthesin, 
CgsHggNOaC?),  wMch  is  probably  a  compound  of  sphingosin  and  cere- 
bronic acid.  Sphingosin  has  a  bitter  taste  and  causes  a  burning  sensa- 
tion in  the  throat  and  a  feeling  of  illness.  Its  pharmacology  would 
perhaps  be  of  interest.  The  composition  of  phrenosin  may  be  repre- 
sented as  follows : 


Phrenosin 
C.sHe.N0.1 


Phrenosinic  acid,  C    H    0  , 

25      50     3 

(o  hydroxy  pentacosanic ) 
Galactose,  G  H    0  ' 
Sphingosin,  C, 'h ,Vo, 


Kerasin  resembles  phrenosin  in  most  particulars,  except  it  is  optically 
different  and  it  is  more  soluble  in  alcohol.  If  not  more  than  one  part 
is  present  in  321  parts  of  alcohol,  it  does  not  crystallize  out  above  28°. 
100  c.c.  of  acetone  dissolve  0.1576  gram  of  kerasin  at  15°.  It  does  not 
give  the  Pettenkofer  reaction  so  easily  as  phrenosin.  The  differences 
between  these  two  bodies  have  been  shown  to  be  due  to  the  presence 
in  phrenosin  of  cerebronic  acid  m.p.  84° ;  while  in  kerasin  it  is  lignoeeric 
acid,  C24H4g02.  The  cerebron  of  Thierfelder  appears  to  be  a  mixture 
of  both  these  bodies.  Thudichum  thought  that  the  difference  probably 
was  that  the  cerebronic  acid  of  the  kerasin  had  about  one  carbon  atom 
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more  than  that  of  phrenosin.    Kerasin  is  levo-rotatory.     [a]i,=  — 2°  in 
pyridine.    The  composition  of  kerasin  may  be  the  following : 
rLignoceric  acid,  C^^H^^O^  ^ 
Kerasin    J  Galactose,  C^H^^O^  K- 

C    H    NO    I  Sphingosin,  C,  H,  N0„      J 

47      89  7     V     ^  °  '        17      35  2         J 

The  phrenosin  and  kerasin  spheroerystals  are  readily  distinguished 
by  microscopic  examination  with  polarized  light  and  a  selenite  plate 
(Rosenheim). 

It  is  an  interesting  fact  that  the  medullary  sheath  contains  so  large 
a  proportion  of  galactose.  It  is  possible  that  it  is  to  supply  this  raw 
material  to  the  brain  at  a  time  when  meduUation  is  proceeding  at  a 
rapid  pace  that  the  sugar  of  the  mammary  glands  is  lactose  and  con- 
tains, therefore,  galactose. 

Protagon.  It  was  for  a  long  time  believed  that  the  crystalline  mate- 
rial falling  out  of  the  alcoholic  extract  of  the  brain  constituted,  when 
purified,  a  single  substance  composed  of  a  compound  of  cerebrin  and 
lecithin  or  cephalin.  This  was  called  "  protagon."  Since  Thudichum 
succeeded  in  isolating  14  different  substances  of  a  complex  nature  from 
this  mass,  it  is  probable  that  protagon  is  a  mixture  and  not  a  chemical 
individual.  Nevertheless,  it  is  not  impossible  that  some  of  the  compounds 
isolated  may  have  been  in  weak  chemical  union.  It  is  known,  for  exam- 
ple, that  cholesterol  forms  a  molecular,  crystalline  compound  of  definite 
compositioii  with  digitonin;  but  if  the  compound  is  extracted  with  ether 
it  is  decomposed,  the  cholesterol  dissolving.  The  similar  compound  of 
cholesterol  and  saponin  is  stable  in  ether,  but  breaks  up  in  hot  alcohol. 

The  sulphur  of  the  brain.  Cerebro-sulphatides.  Sulpholipins. — The 
cerebrosides  while  impure  always  contain  some  oxidized  sulphur  and, 
according  to  Thudichum,  some  unoxidized  sulphur.  The  oxidized  sul- 
phur body  was  believed  by  Koch  to  be  a  union  of  sulphuric  acid,  a 
cerebroside  and  a  phosphatide  as  follows: 

o 

Cerebroside — 0 — S — O — Pliosphatido 
il 
Its  nature  is  still  entirely  unknown.  Taurine  is  found  in  the  brain,  but 
the  unoxidized  sulphur  fraction  of  the  lipins  noted  by  Thudichum  is 
still  uninvestigated.  It  is  probable  that  further  study  will  show  that 
sulphur  is  as  important  in  the  metabolism  of  the  brain  as  phosphorus. 
The  phospholipins  from  other  cells  not  infrequently,  also,  contain 
sulphuric  acid  not  extracted  with  water,  but  split  off  on  hydrolysis  with 
acid;  and  also  a  carbohydrate  group.  The  sulphatide  isolated  by  Thu- 
dichum from  the  brain  contained  4  per  cent,  of  sulphur. 

Amido-lipotides.    Amino-liDins. — These  are  found  chiefly  in  the  oily 
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matter  separating  out  at  the  end  of  the  evaporation  of  the  alcohol.  They 
contain  no  phosphorus,  but  an  amino  group.  When  heated  they  collect 
as  a  thick  oily  mass  on  the  surface  of  the  water,  or  cling  to  the  sides  of 
the  beaker,  but  on  cooling  they  take  up  water  again  and  swell  to  make 
a  gelatinous  mass.  None  of  them  are  well  characterized  and  they  arc 
present  in  relatively  small  amounts.  "Whether  they  are  preformed  or 
represent  partially  digested  phospholipins  cannot  be  said.  Among  these 
bodies  two  were  isolated  by  Thudichum:  Krinosin,  CgsH^gNOs,  and 
Bregenin,  CioHgiNOj.  (From  the  Piatt  Deutseh  word,  bregin,  brain.)  If 
riaPO^  is  added  to  this  formula,  we  get  the  formula  of  the  lowest  lecithin. 
Nothing  is  known  of  the  composition  of  these  bodies.  Their  physical 
properties  are  so  interesting  that  they  should  be  carefully  studied.  It 
is  possible  that  they  might  throw  light  on  the  composition  of  the  phos- 
phatides. It  is  very  hard  to  separate  them  completely  from  cholesterol. 
Cholesterol  esters,  also,  have  the  property  of  taking  up  large  amounts  of 
water.     See  page  87. 

Sterols. — The  brain  contains  extraordinarily  large  amounts  of  choles- 
terol (1.6  per  cent,  of  the  wet  weight  of  the  brain),  which  appears  to  be 
for  the  greater  part  free  cholesterol.  This  sterol  is  chiefly  cholesterol 
melting  at  145° ;  but  there  is  also  present  another  sterol  melting  at  137°, 
which  is  the  melting  point  of  iso-cholesterol.  It  was  called  by  Thudi- 
chum phrenosterin,  or  as  we  should  call  it  now,  phrenosterol,  to  indicate 
its  origin  in  the  brain.  The  composition  and  characteristics  of  choles- 
terol have  been  discussed  on  page  82. 

Amount  oj  Cholestebol  in  Different  Beains  (Rosenheim). 

Water— per  cent.         Cholesterol— per  Cholesterol— per 

cent,  wet  weight  cent,  dry  weight 

Man    78.86  1.95  9.22 

Child  3  months   85.80  0.69  4.89 

Foetus  36  weeks 90.29  0.39  4.07 

Child  5  days 89.99  0.53  5.29 

Dog    76.18  2.76  11.59 

Cat   76.53  2.35  9.99 

Ox     78.83  2.39  11.28 

Sheep    79.50  2.13  10.37 

Rabbit     77.86  2.12  9.57 

Fowl   80.34  1.45  7.40 

Codfish   84.03  1.92  12.02 

The  extractives. — ^When  the  lipins  have  been  removed  from  the 
evaporated  alcoholic  extracts,  cold  and  hot,  there  remain  a  group  of 
water  soluble  substances,  organic  and  inorganic,  of  which  only  a  few 
have  been  isolated  and  identified.  These  are  called  the  brain  extractives. 
The  solution  is  generally  brown  in  color,  with  the  smell  of  meat  extract 
and  a  bitter,  salty  taste.  Some  of  the  organic  extractives  contain  nitro- 
gen and  are  precipitated  by  the  alkaloidal  precipitating  agents  like 
phosphotungstic  acid.     They  are  alkaloidal  in  nature;  others  are  of  a 
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carbohydrate  nature;  others  are  acids.  It  is  very  difficult  to  know 
whether  these  substances  are  normal  constituents  of  the  living  brain, 
or  whether  they  are  formed  by  the  hydrolytic  decompositions  which 
begin  as  soon  as  the  circulation  of  the  brain  is  interrupted.  It  is  prob- 
able, however,  that  they  pre-exist  in  the  brain  and  that  their  accumula- 
tion there  after  death  is  due  to  the  persistence  of  the  vital  processes 
in  the  absence  of  blood  supply  to  remove  the  waste  products.  This  view 
is  supported  by  the  relatively  slight  autolytie  decomposition  which  brain 
material  shows. 

Alkaloid  extractives.  Of  these  hypoxanthine  is  the  most  important, 
but  Thudichum  isolated  also  another  of  unknown  character  having  the 
formula  for  its  gold  salt  Cj-HjoNeOsHClAuCla,  and  another  having  a 
strong  odor  of  human  sperm.  Hypoxanthine  is  discussed  in  connection 
with  the  occurrence  of  it  in  muscle.  It  is  impossible  to  say  whether  it  is 
formed  from  the  nucleic  acid  of  the  brain  by  a  partial  hydrolysis,  or 
whether  it  is  found  in  the  cell  in  a  free  state.  Its  function  is  unknown. 
It  is  interesting  to  recall  that  when  caffeine  is  taken  it  accumulates  in  the 
brain  tissue  to  a  far  greater  degree  than  in  any  other  tissue  of  the  body. 

Ami7io-acids.  Among  the  amino-acids  in  the  extractives  Thudichum 
isolated  tyrosine  and  a  new  leucine,  a  sweet  leucine  which  he  called  glyco- 
leucine,  and  correctly  inferred  it  to  be  the  normal  caproic  acid  leucine 
having  the  formula : 

H    H   H    H   NH 

2 

H— C— C— C— C— C— COOH 
kkkkk 

It  has  been  recently  isolated  also  by  Abderhalden,  who  proposes  to  call 
it  caprine.  It  is  curious  that  the  brain  proteins  should  contain  this 
normal  leucine,  whereas  most  other  proteins  have  the  iso-butyl-amino- 
acetic  leucine.  Caprine  is  less  soluble  in  cold  water  and  also  the  copper 
compound  is  less  soluble  than  the  ordinary  leucine.  Besides  leucine  and 
tyrosine,  creatine  and  taurine  have  been  found  in  the  extractives. 
Creatine  is  methyl  guanidine  acetic  acid,  NH, — C=NH.N(CH,) — CH, — 
COOH.    The  significance  of  its  occurrence  in  the  brain  is  unknown. 

Organic  acids.  The  principal  organic  acids  found  in  the  extractives 
are  lactic,  CgHeOg,  succinic,  C4Ha04,  and  also  formic  acid,  CHOOH. 
These  same  acids  are  also  the  principal  acid  extractives  of  muscle.  The 
lactic  acid  is  the  para,  or  meat,  lactic  acid. 

Carbohydrates.  In  this  group  inosite,  CeH,20„,  an  optically  inactive, 
sweet-tasting  alcohol,  not  reducing  Pehling's  solution,  is  present  in  con- 
siderable quantities.  This  again  is  found  in  quantity  in  the  muscles. 
Inosite  is  believed  to  be  hexahydroxyhexamethylene.  Its  significance  is 
unknown. 
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Inorga/nic  salts.  The  salts  of  the  extractives  are  phosphates,  chlorides, 
sulphates  of  calcium,  potassium,  sodium,  magnesium  and  iron. 

Distribution  of  substances  between  gray  and  white  matter. — ^We 
may  now  take  up  the  question  of  the  distribution  of  these  substances 
in  the  gray  and  white  matter  of  the  brain  and  their  functions.  While 
the  methods  of  separation  employed  by  Thudichum  were  far  from  quan- 
titative, they  give  at  least  some  idea  of  the  distribution  of  many  of  the 
substances.  Some  analyses  are  given  also  by  the  improved  methods  of 
W.  Koch. 

Gray  Matter  of  the  Cortex.    Dried  First.     J  Thudichum.) 

Water  at  95°    85.27% 

Solids    14.73 

Neuroplaatin    7.608 

Ether  extract   (kephalin,  lecithin,  cholesterol)    1.950 

Cerebrosides,  cerebrie  acid  and  myelin 0.424 

Lecithin,  kephalin,  myelin  from  last  oily  matter 0.780 

Inosite     0.193 

Lactic  acid  0.102 

Alkaloids 

H  SO    in  neuroplastin  0.06 

"        "    extract   


H  PO^    0.017 

K    0.025 

Na    0.092 

Water  extract   0.500 

Loss  by  operations  about  25%  of  the  total  solids. 

Composition  of  the  White  Matter  of  the  Corpus  Caxlosum. 

Water  (dried  at  95° )   70.23% 

Neuroplastin        8.63 

Ether  extract  (kephalin,  lecithin,  cholesterol)   11.497 

Cerebrosides  and  myelin   6.91 

Water  extract  1.403 

Lactic  acid  0.0456 

Inosite   0.2171 

Alkalies  or  carbonates  0.1717 
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In  contrasting  these  two  tables  it  will  be  noticed  that  the  white  mat- 
ter contains  more  solids  and  less  water  than  the  gray,  and  these  solids 
are  chiefly  present  in  the  ether  extract  and  include  the  cerebrosides. 
Thus  the  cerebrosides  make  roughly  7  per  cent,  of  the  white  matter  and 
only  0.4  per  cent,  of  the  gray ;  and  the  cephalin,  lecithin  and  cholesterol 
are  11.5  per  cent,  of  the  white  and  only  1.95  per  cent,  of  the  gray.  The 
per  cent,  of  protein  is  also  higher  in  the  white  than  in  the  gray.  These 
figures  indicate  very  clearly  that  most,  if  not  all,  the  cerebrosides  are 
in  the  medullary  sheaths  and  that  the  greater  proportion  of  phosphatides, 
myelins,  etc.,  are  there  also.  On  the  other  hand,  the  proportion  of  these 
substances  is  very  high  even  in  the  gray  matter,  the  proteins  making 
only  about  50  per  cent,  of  the  total  solids,  the  other  50  per  cent,  being 
extractives  and  ether-soluble  material. 

Composition  of  the  Solids  of  the  Human  Bbain. 

Figures  are  per  cent,  of  dry  matter.* 

Whole  brain  Wbole  brain  rin,™«.  «.ii».««, 

(child)  (adult)  CorpHBcalloBum 

Protein  46.6  37.1  27.1 

Extractives 12.0  6.7  3.9 

Ash    8.3  4.2  2.4 

Phosphatide 24.2  27.3  31.0 

Cerebrosides 6.9  13.6  18.0 

Lipoid  sulphur   0.1  0.3  0.5 

Cholesterol  1.8  10.9  17.1 

*Koch:  Die  Bedeutung  der  Phosphatide  (Lecithane)  fur  die  lebende  Zelle.  II. 
Mittheilung.    Zeitsohrift  f.  physiol.  Chemie,  63,  p.  432,  1909. 

Of  the  extractives,  inosite  forming  0.193  per  cent,  of  the  gray  mat- 
ter and  0.217  per  cent,  of  the  white  appears  to  be  present  in  larger 
amounts  in  the  latter.  Lactic  acid,  on  the  other  hand,  is  more  abundant 
in  the  gray  matter. 

The  specific  gravity  of  the  gray  matter,  1.041,  is  somewhat  greater 
that  that  of  the  white,  1.032;  the  specific  gravity  of  the  whole  human 
brain  is  about  1.037,  but  there  is  some  uncertainty  about  these  figures. 
Computing  from  the  specific  gravity  of  the  whole  brain  and  the  specific 
gravities  of  white  and  gray  matter,  the  relative  amounts  of  these  two 
kinds  of  tissues  were  estimated  as  about  55  per  cent,  of  white  and  45  per 
cent,  of  gray  matter.  Tables  giving  a  summary  of  the  composition  of 
the  human  brain  have  been  published  by  Thudichum.  More  accurate 
analyses  have  been  made  by  Koch.  The  adult  human  brain  weighs 
about  1,200-2,000  grams;  it  contains  approximately  78.9  per  cent,  of 
water  and  100-120  grams  of  dry  protein  matter  after  all  ether-soluble 
and  alcohol-soluble  matters  have  been  extracted. 

Proteins  of  the  brain  and  nerve  tissues. — There  is  nothing  particu- 
larly striking  or  novel  about  the  proteins  of  the  btain  which  has  been 
discovered  so  far,  except  the  presence  in  the  brain  proteins,  or  some 
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of  them,  of  the  normal  amino-eaproic  acid.  This  is  a  matter  probably 
of  not  very  great  significance  and  it  is  unlikely  that  this  acid  is  only 
found  in  these  proteins.  The  nervous  tissues  of  frogs  contain  a  globulin 
which  coagulates  at  a  very  low  temperature,  35°,  and  in  the  brains  of 
mammals  a  globulin  is  present,  Halliburton  says,  which  is  coagulated'  at 
about  42°.  It  is  possible  that  the  coagulation  of  this  protein  may  be  of 
importance  in  the  pathology  of  heat  stroke.  A  similar  protein  is  found 
in  the  muscles  of  frogs,  according  to  von  Fiirth. 

Nucleic  acid.  The  brain  contains  relatively  little  nucleic  acid.  This 
acid,  isolated  by  Levene,  had  the  usual  structure  of  a  typical  animal 
nucleic  acid.  It  yielded  phosphoric  acid,  adenine,  guanine  or  the  oxi- 
chition  products  of  these  bases,  hypoxanthine  and  xanthine.  It  yielded, 
ill  so,  levulinic  acid  and  hence  contained  a  hexose  in  the  molecule  like 
the  thymus  nucleic  acid.  Nothing  is  known  of  the  character  of  the 
protein  in  the  nuclei  of  the  brain  cells.  The  Nissl  substance  is  sup- 
posed by  some  to  be  a  nucleoprotein  or  a  nucleoalbumin,  but,  since 
there  is  no  certain  way  of  distinguishing  these  bodies  microehemically,  it 
is  impossible  to  be  certain  that  the  Nissl  substance  really  contains  phos- 
phoric acid.  The  amount  of  purines  isolated  from  the  brain  by  Burian 
and  Sehur  was  small  in  amount,  as  was  to  be  expected  from  the  rela- 
tively small  amount  of  nuclear  matter. 

Physical  consistence  of  the  protoplasm  of  the  nerve  cell. — It  is 
very  important  to  determine  the  physical  consistence  of  the  protoplasm 
of  the  ganglion  cells.  The  experiments  of  Harrison,  who  cultivated 
embryonic  nervous  tissue  under  the  microscope,  showed  that  the  fine  ends 
of  the  growing  axis  cylinders  were  capable  of  spontaneous  movement. 
This  observation  would  indicate  that  the  contents  of  the  tips  of  the  axis 
cylinder,  at  any  rate,  were  liquid  in  nature  and  not  jelly-like.  It  was 
found,  also,  by  Heger  and  others  in  his  Institute  at  Brussels  that  the  fine 
terminations  of  the  dendrites  in  the  brain  were  movable  and  capable 
of  retraction.  It  was  suggested  as  the  result  of  this  observation  that 
the  making  and  breaking  of  the  connections  by  means  of  these  processes 
accounted  for  the  co-ordination  in  the  brain  and  the  psychical  disor- 
ganization which  sometimes  occurs.  On  the  other  hand,  Mott  says  that 
the  substance  of  most  ganglion  cells  is  of  a  jelly-like  consistence  and 
that  in  the  living  cell  there  is  no  trace  of  the  Nissl  substance  to  be  seen. 
It  is  possible  that  the  cell  bodies  are  jelly-like  and  the  tips  liquid.  The 
observations  of  Kite  certainly  show  that  most  tissue  cells  of  the  higher 
animals  have  a  jelly  consistence.  Mitochondria,  probably  of  a  phospho- 
lipin  nature,  occur  in  nerve  cells  (Cowdrey). 

Cerebro-spinal  fluid. — This  fluid  was  collected  by  Halliburton  from 
a  young  woman  in  whom,  owing  to  some  malformation,  there  was  a  con- 
nection between  one  nostril  and  the  ventricles  of  the  brain  so  that  the 
liquid  dropped  constantly  from  one  nostril.    The  amount  formed  was 


586  PHYSIOLOGICAL   CHEMISTRY 

2.378  e.c.  in  10  minutes  when  sitting  quietly,  but  during  straining  or 
when  the  abdomen  was  compressed  it  might  rise  to  3  and  4  c.e.  per 
10  minutes.  Analysis  of  the  fluid  showed  that  it  was  alkaline  in  reac- 
tion and  of  the  composition : 

Water    99.004% 

Solids     0.966 

Organic  solids   0.118 

Inorganic  solids    0.878 

This  is  a  true  secretion,  as  is  shown,  by  its  low  specific  gravity,  1.004- 
1.007;  it  contains  only  a  trace  of  proteid,  of  a  globulin  character. 
Fibrinogen  and  albumin  are  absent;  it  contains  a  reducing,  non- 
fermentable  substance  which  Halliburton  thought  to  be  allied  to  pyro- 
catechin.  It  is  hypertonic  to  lymph.  It  is  probably  formed  by  the 
secretory  cells  covering  the  choroid  plexus.  Its  function  is  unknown. 
It  is  probable  that  the  secretion  of  the  pituitary  passes  into  the  cerebro- 
spinal fluid. 

Developments  of  the  method  for  obtaining  cerebro-spinal  fluid  and 
its  growing  importance  in  the  diagnosis  of  disease,  particularly  of  the 
nervous  system,  has  led  to  a  considerable  increase  in  our  knowledge  of 
this  liquid  in  the  past  few  years.  In  normal  individuals  it  is  a  per- 
fectly clear,  colorless  liquid  containing  not  more  than  3  to  5  white  cells 
per  c.mm.  When  first  drawn  it  is  acid  to  phenol  phthalein,  like  the  blood 
plasma,  but  on  standing  it  loses  carbon  dioxide  and  becomes  alkaline 
to  that  indicator.  Its  alkalinity  is  altered  in  disease  and  a  method  of 
diagnosis  of  tuberculous  meningitis  has  been  based  upon  this  fact.  It 
contains  always  about  0.08  per  cent,  dextrose,  and  about  0.02  per  cent, 
protein.  Its  composition  as  determined  from  the  analyses  of  Mestrezat 
is  given  in  the  following  table.  The  total  amount  present  in  the  brain 
and  spinal  cord  was  estimated  at  60  c.c.  (Magendie).  The  pressure  is 
about  45  to  90  mm.  water  in  children ;  and  in  adults,  in  a  sitting  position, 
200  to  250  (recumbent  130  to  150  mm.  water).  The  specific  gravity 
varies  from  1.001  to  1.006. 

COMPOSITION  OF  CEREBRO-SPINAL  FLUID.     (Mestrezat.) 

Pts.  per  1000  Pts.  per  1000 

Water     996.7  Ash   8.80 

Solids   10.93  Na^O 4.35 

Organic  matter 2.13  K^O    0.25 

Mineral 8.80  CaO 0.095 

Protein  0.18  MgO    0.050 

Dextrose    0.53  ^^2°s    •'■""^ 

Organic  acids  0.30  V^O^   0.030 

Amino  acids   0.01  SOj(total)     0.056 

Urea   0.06  CO^ (of  ash)    0.550 

Ammonia   !  CI    4.448 

Chlorid  as  NaCl 7.32  Total  N   0.0196 
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Pji  when  first  drawn,  7.4  Increasing  on  standing  to  8.3.     (Tashiro  and  Levinson) 

Alkali  reserve  58  to  63.      (McClendon) 

Non-protein  N  17  to  26  mgs.  per  100  c.c.     (Leopold  and  Bernhard) 

Creatinine  0.7  to  1.5  mgs.  per  100  c.c.  "  " 

Urea  N  7  to  13.5  " 

Dextrose  0.07  to  0.1  per  cent.  "  " 

Viscosity  1.0424-1.0489   (Levinson). 

Surface  tension  72.0  dynes  at  20°  C  (Polanyi).    Freezing  point  — .56°. 

Refractometric  index:  1.33516  (PolSnyi) .    It  contains  no  fibrin  ferment  or  fibrinogen; 

it  has  no  amylolytic  power. 

It  is  clear  from  these  figures  that  the  cerebrospinal  fluid  is  probably 
to  be  considered  as  a  dialysate  from  the  blood  (Mestrezat),  or  as  an 
ultrafiltrate  resembling  in  its  properties  the  aqueous  humor  of  the  eye. 
It  contains,  as  will  be  noticed,  very  little  protein  as  long  as  the  fluid  is 
normal,  but  about  the  same  amount  of  salt,  urea,  dextrose,  and  creatinine 
as  the  blood  plasma. 

In  pathological  cases  these  properties  change.  The  fluid  may  be 
greatly  increased  in  amount  and  under  high  pressure.  It  may  contain 
many  cells.  Its  protein  content  increases.  By  taking  advantage  of  its 
change  in  alkalinity  and  rate  of  change  of  alkalinity  on  standing  Tashiro 
and  his  pupil,  Levinson,  devised  a  method  for  differentiating  tuberculous 
meningitis  from  epidemic  meningitis.  If  to  1  c.c.  cerebrospinal  fluid 
there  is  added  1  c.c.  3  per  cent,  sulphosalicylic  acid;  and  to  another 
1  c.c.  of  fluid  a  like  amount  of  1  per  cent.  HgCla  then  in  tuberculous 
meningitis  the  protein  which  settles  down  on  standing  after  24  hours 
is  more  voluminous  in  the  mercury  tube,  whereas  in  epidemic  meningitis 
it  is  more  voluminous  in  the  sulfosalicylic  tube. 

Trimethyl  amine  is  normally  present  in  cerebro-spinal  fluid  (Doree 
and  GoUa). 

Physiological  interpretation  of  the  chemical  composition. — ^In  the 
brain  three  fundamental  properties  of  living  matter  are  brought  to  their 
highest  perfection:  i.e.,  conduction,  irritability  and  memory.  One  func- 
tion, on  the  other  hand,  is  practically  in  abeyance  from  an  early  age: 
that  is,  the  function  of  growth.  The  brain  early  reaches  its  full  devel- 
opment and  thereafter  division  of  the  nerve  cells  does  not  occur,  although 
there  may  be  some  increase  in  complexity  and  growth  of  the  dendritic 
processes.  We  have  before  us,  therefore,  in  the  brain,  in  as  pure  a  form 
as  we  can  find  it,  a  tissue  specially  built  for  the  functions  just  men- 
tioned, and  we  may  infer  from  a  study  of  its  composition  and  a  com- 
parison witti  those  tissues  which  are  specialized  for  growth,  or  move- 
ment, what  kind  of  protoplasm,  or  what  substances  in  protoplasm,  are 
particularly  concerned  in  irritability. 

The  fact  which  at  once  strikes  us  when  we  undertake  such  a  study 
is  that  the  nerve  fibers,  which  are  pre-eminently  conducting,  are  sur- 
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rounded  by  medullary  sheaths  which  consist  chiefly  of  phospholipins, 
glycolipins  (cerebrosides)  and  sulphatides.  "While  it  is  undoubtedly  true 
that  conduction  takes  place  in  the  axis  cylinder,  which  is  of  the  nature 
of  gray  matter,  yet  the  gray  matter  also  is  unusually  rich  in  these  same 
constituents,  or  some  of  them,  such  as  the  phosphatides  and  cholesterol. 

The  composition  a/nd  function  of  the  medullary  sheaths.  The  medul- 
lary sheaths  consist  for  the  most  part  of  glycolipins  (cerebrosides),  phos- 
pholipins of  various  kinds  and  cholesterol.  "What  the  function  of  the 
medullary  sheath  may  be  is  still  uncertain.  It  has  been  suggested  that 
it  is  in  the  nature  of  an  insulating  material  which  serves  to  prevent  the 
spreading  of  the  impulse  from  one  fiber  to  the  other;  and,  on  the  other 
hand,  a  nutritive  function  has  been  assigned  to  it.  It  is  probable  that 
the  latter  is  the  true  explanation  of  its  function.  It  may  serve  as  a 
source  of  nutriment  for  the  axis  cylinder.  The  length  of  the  latter  is 
often  so  great  that  it  would  seem  to  be  very  difficult  to  control  its  nutri- 
tion from  the  cell  body  from  which  it  is  derived.  Another  fact  which 
points  in  this  same  direction  is  that  the  meduUated  nerve  fibers  are 
almost  indefatigable,  that  is  they  recuperate  at  once  from  fatigue,  and 
the  medullated  nerves  are  less  f  atiguable  than  the  non-medullated.  The 
nerve  fibers  have  been  shown  by  Tashiro  to  have  a  very  active  metabolism, 
one  of  the  most  active  of  any  tissue  in  the  body,  and  the  fact  that  they 
are  not  fatigued  would  indicate  that  they  have  a  good  source  of  supply 
of  raw  material.  In  the  medullary  sheath  there  is  a  large  amount  of 
inosite,  galactose,  fatty  acids,  various  nitrogen  bodies,  phosphoric  acid, 
sulphuric  acid  and  of  potassium,  calcium  and  sodium.  "We  find  these 
same  materials,  or  materials  of  a  similar  kind,  in  locations  in  which  a 
very  active  metabolism  is  about  to  take  place.  They  seem  to  constitute 
a  peculiarly  favorable  material  for  the  production  of  some  of  the  active 
bodies  of  the  cell.  Thus  they  are  found  in  the  yolk  of  birds'  eggs,  or  in 
the  eggs  of  lower  forms  of  life,  like  the  starfish.  In  the  egg  after  fer- 
tilization there  is  a  sudden  outburst  of  metabolism  at  the  expense  of  its 
stored  materials.  The  composition,  then,  of  the  medullary  sheath  would 
lend  some  support  to  the  view  that  the  function  of  the  sheath  is  nutritive. 
This  view  of  its  function  has  been  greatly  strengthened  by  Tashiro 's 
recent  discovery  of  the  active  metabolism  of  the  nerve  fiber,  particularly 
of  the  non-medullated  fiber.  The  axis  cylinder  appears  to  have  a 
metabolism  but  little,  if  at  all,  less  intense  than  that  of  the  cell  body 
from  which  it  is  derived.  There  are  facts  which  he  has  found  which 
indicate,  also,  that  this  keenness  of  metabolism  is  correlated  with  the 
rapidity  of  transmission  of  the  impulse,  being  more  intense  in  the  fibers 
which  transmit  the  impulse  most  rapidly,  as  in  mammalian  nerve.  It  is 
obvious  that  the  power  of  immediate  recoveiy  from  a  stimulus,  the 
short  latent  period  and  rapid  transmission  are  very  important  in  the 
functioning  of  the  nervous  system.    If  rapid  transmission  implies,  as 
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seems  probable,  a  rapid  metabolism  also,  a  reserve  supply  of  food  readily 
assimilable  by  the  fiber  to  replace  at  once  that  used  up  in  the  transmis- 
sion of  the  impulse  would  seem  to  be  necessary.  Some  mechanism  simi- 
lar to  that  of  the  medullary  sheath  would  seem  the  most  simple  and 
direct  way  of  solving  the  problem.  The  medullary  cells  on  this  view 
function  as  a  kind  of  nurse  cells,  similar  to  the  nurse  cells  of  the  eggs 
of  many  invertebrates.  The  laying  down  of  this  reserve  substance  within 
the  living  matter  of  the  axis  cylinder  would  obviously  have  many  disad- 
vantages and  would  probably  reduce  the  rate  of  its  metabolism  and  the 
rate  of  conduction,  since  that  appears  to  be  the  result  generally  of  an 
accumulation  of  foreign  or  lifeless  matter  in  the  living  protoplast.  The 
device  adopted  by  the  animal  economy  of  having  long  nerve  fibers,  very 
thin,  so  that  the  surface  is  large  in  proportion  to  the  bulk,  and  sur- 
rounded by  a  large  number  of  special  nourishing  cells,  would  appear  to 
be  a  most  satisfactory  solution  of  a  very  difficult  problem  which  the 
organism  had  to  face.  If  such  rapid  conduction  were  not  needed,  the 
problem  might  be  solved  by  introducing  relays  of  cells  so  that  the  length 
of  any  single  axis  cylinder  was  not  beyond  the  powers  of  nourishment 
from  the  cell  body ;  but  this  contrivance  is  not  suitable  where  very  rapid 
action  is  required,  as  in  the  brain  and  in  those  skeletal  muscles  by  whi^- 
an  animal  escapes  death  or  secures  its  food  by  superior  agility;  for 
at  every  relay,  or  sinapse,  there  is  an  unavoidable  delay  in  the 
rate  of  transmission  of  the  impulse.  In  the  internal  organs  where 
speed  and  agility,  or  indefatigability,  are  not  the  prime  requisites, 
the  nerves  are  still  non-medullated  for  the  most  part  and  relays  are 
used. 

A  second  very  striking  and  interesting  fact  in  the  chemistry  of  the 
brain,  and  one  which  may  perhaps  be  correlated  with  the  provision  of 
reserve  food  in  the  medullary  sheath,  is  the  absence  of  reserve  carbo- 
hydrate food  in  the  brain,  and  the  entire  absence  of  neutral  fat.  Glyco- 
gen, which  is  found  in  so  many  tissues  and  which  occurs  in  the  young, 
undifferentiated  nervous  system,  is  absent  in  the  adult  brain.  When 
meduUation  appears  it  disappears  and  no  other  carbohydrate  is  present 
in  the  adult  brain,  except  inosite  and  galactose.  The  function  of 
inosite  is  unknown,  but  it  readily  combines  with  phosphoric  acid  to 
make  phytin  and  similar  esters.  Perhaps  it  plays  the  role  of  an  inter- 
mediary substance.  Inosite  is  "readily  destroyed  when  taken  by  the 
mouth.  The  absence  of  neutral  fat  while  the  phospholipins  and  other 
compound  lipins  are  so  abundant  is  indeed  remarkable. 

If  the  medullary  sheath  has  this  function  of  serving  as  a  nutritive 
material,  the  question  at  once  arises  as  to  the  constitution  of  the  real 
living  matter,  the  matter  which  has  the  properties  of  conduction,  irri- 
tability and  memory  par  excellence.  How  does  it  differ,  for  example, 
from  living  matter  which  is  chiefly  secretory,  or  metabolic,   or  con- 
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tractile?  The  only  facts  to  guide  us  in  this  dark  region  are  analyses 
of  the  gray  matter,  for  although  it  is  impossible  to  get  gray  matter 
entirely  free  from  medullary  matter,  the  admixture  in  some  of  the 
regions  of  the  brain  is  small.  The  main  facts  which  may  be  gathered 
are  these:  The  proportion  of  protein  in  the  gray  matter  is  high.  The 
proteins  make  in  the  gray  matter  a  larger  proportion  of  total  solids 
than  in  the  white;  the  proportion  of  phospholipins  is  also  high.  Irri- 
table nervous  living  matter  has  a  larger  proportion  of  water,  85 
per  cent.,  than  contractible ;  it  contains  relatively  less  protein,  though  it 
is  still  protein  which  makes  the  main  part  of  its  solids;  it  contains  a 
very  large  proportion  of  phospholipins  and  cholesterol,  but  no  fat  or 
carbohydrate.  The  irritable,  conducting  protoplasm  is,  therefore,  decid- 
edly aqueous  and  the  colloids  are  protein-phospholipin  colloids.  These 
few  facts  tell  us  very  little  about  this  irritable  matter,  but  so  far  as 
they  go  they  indicate  the  importance  in  nervous  activity  of  the  chemical 
substances  just  mentioned.  It  may  be  significant  that  this  substratum 
is  of  a  kind  which  so  readily  forms  liquid  crystals :  i.e.,.  a  kind  whose 
molecules  are  readily  oriented. 

A  third  fundamental  property  of  the  human  cerebrum  is  memory. 
It  is  possible  to  make  some  kind  of  an  impression  on  the  human  brain 
of  so  persistent  a  nature  that  when  made  at  from  4-6  years  of  age  il 
may  persist  for  from  forty  to  eighty  years.  Of  the  physical-chemical 
basis  of  memory  very  little  is  known.  When  an  impulse  strikes  into 
the  brain  something  remains  there,  some  trace,  perhaps  an  enzyme. 
Something  happens  to  the  brain  with  every  impulse  fed  into  it.  We  may 
perhaps  picture  the  process  as  follows  in  a  tentative  way,  although  the 
evidence  is  extremely  meager  that  this  picture  at  all  represents  the  real 
process.  There  is  a  growing  number  .of  facts  which  indicate  that  when 
nerve  impulses  impinge  on  cells  they  do  not  at  once  arouse  the  peculiar 
activity  of  that  kind  of  cell.  There  is  always  a  latent  period.  It  seems 
that  under  the  influence  of  the  nerve  impulse  a  substance  is  produced 
which  in  its  turn  acts  as  the  excitant  of  the  cells'  activity.  This  would 
explain  the  latent  period  of  muscle  and  other  cells.  We  may  regard 
the  gastric  hormone  or  the  secretin  of  the  cells  of  the  intestinal  mucosa 
as  such  a  substance.  In  muscle  possibly  lactic  acid  is  the  hormone.  By 
a  hormone  is  meant  a  substance  which  rouses  to  activity.  Now  in  the 
nerve  cells  it  may  be  that  such  memory  hormones  are  produced  and 
accumulate,  or  persist  in  the  cells.  There  are  only  two  facts  of  tlie 
chemistry  of  the  brain,  so  far  as  the  author  sees,  which  may  be  brought 
into  relation  with  this  extraordinary  power  of  memory.  One  of  these 
facts  is  the  great  reduction  of  autolytic  power  of  the  brain  tissue  as 
compared  with  that  of  any  other  tissue  of  the  body.  If  the  stomach, 
the  liver,  the  spleen,  the  muscles  are  finely  hashed  and  kept  sterile  m 
water  at  37°  C,  their  proteins  undergo  rapid  changes  of  autolytic  diges- 
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tion.  The  brain  under  similar  conditions  undergoes  very  little  autolysis. 
In  fact,  the  autolysis  was  at  first  overlooked,  it  is  so  slight,  a  very  little 
alkali  apparently  checks  it  completely.  What  autolyis  there  is  seems 
to  occur  in  the  first  few  hours  after  death.  This  great  reduction  of 
the  brain's  autolytic  power  points  toward  a  stability  of  the  brain's  pro- 
teins, of  an  absence  of  wear  and  tear  in  the  brain,  which  possibly,  but 
only  possibly,  for  in  reality  the  matter  is  guesswork,  but  which  invol- 
untarily recalls  the  stability  of  impressions  and  memories  in  the  brain. 
"When  autolysis  does  occur,  or  when  nerve  cells  are  destroyed  in  injury 
or  by  toxins,  then  memories  disappear  also,  showing  that  there  is  some 
substantial  basis  of  the  memories.  The  stability  of  the  nerve  cells,  the 
absence  of  autolysis,  of  cell  division,  all  would  appear  to  favor  the 
stability  of  impressions  of  whatever  kind  which  are  made  on  the  brain 
by  the  events  about  us.  It  is  possible,  also,  that  this  absence  of  autoly- 
sis is  correlated  with  the  fact  that  the  brain  does  not  lose  weight 
in  starvation,  but  lives  on  those  organs  which  autolyze  the  most 
readily. 

The  second  fact  of  interest,  although  it  may  be  simply  a  parallelism 
and  not  fundamentally  connected  'with  the  process  of  memory,  is  the 
presence  in  the  cephalin  of  the  brain  of  very  unsaturated  acids  of  the 
type  of  linolinie  acid.  It  has  already  been  pointed  out  on  page  67  that 
in  the  spontaneous  oxidation  of  linolinie  acid  phenomena  closely  parallel- 
ing memory  and  learning  occur.  These  are  autocatalytic  processes.  In 
the  case  of  linseed  oil  the  memory,  if  it  may  be  so  called,  consists  in 
the  persistence  in  the  oil  of  an  intermediary,  catalytic  oxidation  product. 
If  this  substance  could  in  any  way  be  made  stable,  so  that  it  would  per- 
sist for  a  long  period,  linseed  oil  once  illuminated  would  remember  that 
illumination  forever  and  would  always  respond  differently,  when 
exposed  with  oxygen  to  the  light,  from  linseed  oil  which  had  not  had 
the  experience  of  a  previous  illumination.  If  it  were  possible  that 
an  impulse  coming  into  certain  cells  caused  in  those  cells  the  formation 
of  a  persistent  autocatalytic,  intermediary  oxidation  product,  a  physical 
basis  of  memory  might  be  given.  Our  ignorance  is  so  profound, 
however,  that  at  present  we  can  hardly  do  more  than  guess  at  this 
interesting  problem  and  we  must  be  on  our  guard  against  assuming 
that  the  basis  of  memory  is  in  reality  that  sketched  above.  All  experi- 
ence shows  how  often  we  may  be  misled  by  seductive  parallelisms  of 
this  kind  into  the  conclusion  that  Nature  is  working  in  the  manner 
we  imagine  her  to  be.  To  quote  an  old  and  homely,  but  true,  saying: 
"  Nature  knows  more  than  one  way  to  kill  a' cat." 

Having  now  considered  the  general  composition  of  the  nervous  tis- 
sue and  the  connection  between  that  composition  and  function,  we  may 
pass  to  the  consideration  of  the  metabolism  of  the  brain-    Is  the  respira- 
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tion  of  the  brain  keen,  or  very  low?  What  substances  does  it  use  as 
foods?     What  are  its  waste  products? 

The  first  question,  that  of  the  respiration  or  rate  of  metabolism  of 
the  brain,  is  very  important  for  the  light  it  will  throw  on  the  nature 
of  the  nervous  mechanism.  If  those  processes  consist,  as  many  have 
believed,  in  the  simple  dislocation  of  inorganic  ions  in  the  periphery 
of  the  nerve  fiber,  a  dislocation  which  may  be  accompanied  by  a  change 
of  state  in  the  nerve  colloids, — if  they  are,  in  other  words,  physical 
processes.^one  would  expect  the  metabolism  of  the  brain  to  be  small, 
very  small,  for  no  material  would  be  used  up  in  this  process,  a  temporary 
dislocation  of  the  ions  alone  occurring.  The  only  energy  needed  is  the 
jar,  or  slight  explosion,  which  starts  it  going,  and  if  this  took  place  in 
the  sense-organs  no  energy  would  be  required  to  be  expended  in  the 
brain.  If,  on  the  other  hand,  the  nerve  impulse  is  in  the  nature  of  a 
chemical  change  taking  place  with  great  ease  and  swiftness,  and  if  the 
velocity  of  conduction  is  proportional  to  the  respiration,  then  the 
metabolism  of  the  brain,  as  measured  by  its  respiration,  should  be 
extremely  high,  higher  than  that  of  any  other  tissue  of  the  body.  The 
lack  of  cell  division,  the  stability  of  the  nerve  cells,  the  large  amount 
of  neuroglia,  the  absence  of  autolysis,  all  point  to  a  low  formative 
metabolism,  that  is  a  low  protein  or  growth  metabolism  after  the  adult 
condition  is  reached ;  but,  on  the  other  hand,  the  respiratory  metabolism 
should  be  very  high,  if  this  is  correlated  at  all  with  irritability.  What, 
then,  is  known  of  the  metabolism  of  the  brain? 

A  few  general  facts  may  at  once  be  noted.  First,  the  blood  supply 
to  the  brain  is  unusually  large  and  every  provision  is  made  to  supply 
the  brain  with  a  copious  amount  of  blood.  Not  only  are  there  the  large 
direct  carotids,  external  and  internal,  but  there  are  also  the  indirect 
anastomoses  through  the  vertebrals,  which,  in  dogs  at  least,  are  able 
alone  to  maintain  the  life  of  the  brain.  This  copious  blood  supply  points 
unmistakably  to  a  very  vigorous  metabolism  of  some  kind  which  involves 
oxygen. 

A  second  well-known  fact  is  that  a  supply  of  oxygenated  blood  is 
absolutely  necessary  to  the  maintenance  of  consciousness  in  human 
beings.  Consciousness  cannot  persist  more  than  a  few  moments  with- 
out it.  Even  though  the  tissues  are  saturated  to  their  full  extent  with 
oxygen  by  inhalation  of  the  latter  and  forced  respiration,  the  supply 
cannot  maintain  consciousness  for  more  than  five  minutes  and,  if  the 
supply  of  oxygen  is  low,  loss  of  consciousness  comes  on  easily.  Thus 
with  a  low  blood  pressure,,  as  in  fainting  or  syncope,  the  higher  centers 
of  the  brain  appear  to  pass  out  of  action  at  once.  Similarly  swimmers 
under  water  holding  their  breath  to  the  utmost  sometimes  become  uncon- 
scious, and  that  it  is  the  oxygen  of  the  blood  which  is  important  is  shown 
by  the  fact  that  if  that  oxygen  be  replaced  in  the  blood  by  carbon 
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monoxide,  as  in  poisoning  by  illuminating  gas,  consciousness  is  lost. 
There  is  no  question  from  this  observation  that  it  is  only  the  oxygenated 
brain  tissue  which  is  irritable  and  conscious.  In  the  absence  of  oxygen 
the  brain  loses  its  function  more  quickly  than  any  other  tissue  of  the 
body.  These  facts  show  that  brain  tissue  either  has  a  higher  rate  of 
consumption  of  oxygen,  so  that  it  exhausts  its  supplies  more  quickly; 
or  that  the  nervous  processes  involve  more  oxygen  than  others ;  or  that 
the  brain  has  a  smaller  supply  of  stored  oxygen  than  any  other  tissue 
of  the  body.  The  great  dependence  of  the  brain  on  atmospheric  oxygen 
may  be  correlated,  also,  with  the  fact  that  there  is  no  stored  carbo- 
hydrate. The  presence  of  stored  carbohydrate  like  glycogen  appears 
to  increase  the  powers  of  tissues  to  live  without  atmospheric  oxygen. 

A  third  general  fact  which  points  unmistakably  in  the  same  direc- 
tion is  the  great  sensitiveness  of  the  brain  to  cyanides  and  other  drugs. 
Cyanides  certainly  check  respiration  and  undoubtedly  combine  with 
the  cell  protoplasm.  The  brain  is  most  sensitive  to  cyanides,  these  drugs 
abolishing  consciousness  very  quickly,  and  particularly  the  activity  of 
the  highest  centers.  Since  it  can  be  shown  that  many  drugs  accumulate 
in  the  nervous  system,  it  must  be  that  the  latter  has  compounds  with 
chemical  bonds  in  a  reactive  or  open  form  with  which  they  can  unite. 
It  has  been  shown,  too,  that  those  tissues  which  are  most  active  in 
respiration  or  have  the  highest  rate  of  respiratory  metabolism  are  the 
most  easily  affected  by  drugs  like  the  cyanides.  Hence,  the  sensitiveness 
of  the  brain  to  drugs  also  indicates  clearly  a  higher  rate  of  metabolism 
in  the  brain  than  in  other  tissues. 

The  persistence  of  the  weight  of  the  brain  during  starvation  means 
either  that  the  rate  of  formation  of  its  substances  must  be  very  high  or 
the  rate  of  consumption  extraordinarily  low,  since  it  is  always  the 
case  that  the  more  rapidly  metabolizing  tissue  draws  for  its  raw  mate- 
rial upon  the  tissue  having  the  less  intense  metabolism. 

The  blood  coming  from  the  brain  also  indicates  metabolic  changes 
in  that  organ.  It  is  venous  blood.  Oxygen  is  consumed  there  and  in 
large  amount.  That  means  that  substances  in  the  brain  have  been  oxi- 
dized or  burned,  hence  they  must  be  constantly  replenished  or  they 
would  be  used  up.  The  blood  coming  from  the  brain  has  less  sugar 
in  it  than  in  the  arterial  blood  going  to  the  brain.  Evidently  the  brain 
consumes  sugar.  The  blood  of  the  jugular  vein  also  contains  less 
fibrinogen  than  the  arterial  blood  of  the  carotid  artery.  But  the  inter- 
pretation of  this  fact  is  uncertain. 

Direct  determinations  of  the  rate  of  respiration  of  the  nerve  fibers 
have  now  been  made  by  Tashiro,  who  found  indeed  that  the  amount 
of  carbon  dioxide  given  off  from  the  nerve  fiber  per  gram  of  substance 
in  10  minutes  was  very  high,  higher  than  that  of  any  other  tissue  exam- 
ined.   Thus  the  resting  non-meduUated  claw  nerve  of  the  spider  crab 
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at  19°  gave  6.7X10~"  grams  CO^  per  eg.  per  10  minutes;  the  frog's 
sciatic  nerve,  a  medullated  nerve,  gave  5.5X10~^  grams  CO2  per  eg. 
per  10  minutes,  and  the  rate  was  about  doubled  when  the  nerves  were 
stimulated  by  a  weak  electrical  current.  This  rate  of  metabolism  was 
probably  somewhat  larger  in  the  cut  than  in  the  uninjured  nerve,  owing 
to  the  effect  of  the  injury,  but  the  amount  is  very  high,  higher  than  for 
the  frog  as  a  whole  when  equal  weights  are  compared.  The  examina- 
tion of  the  various  parts  of  the  nerve  shows,  also,  that  there  is  a  gradient 
in  its  metabolism,  the  part  of  the  nerve  fiber  nearer  the  source  of  the 
normal  stimulus  having  a  higher  rate  of  metabolism  than  that  farther 
from  this  source.  Ganglia,  too,  seem  to  have  a  somewhat  higher  rate 
of  metabolism  than  the  nerve  fibers,  but  the  difference  is  not  very  great. 
Evidently  the  nucleus  of  the  cell  is  not  so  important  in  respiration  as 
had  been  thought.  There  is  no  doubt  from  these  observations  that  nerve 
cells  and  nerve  fibers  produce  carbon  dioxide  at  a  very  rapid  rate.  If 
equal  weights  of  nervous  and  other  tissues  are  compared,  the  nervous 
tissues  are  found  to  give  off  more  carbon  dioxide  per  gram  of  tissue 
than  any  other  tissues. 

The  examination  of  the  oxygen  consumption  of  the  brain  has  been 
made  by  the  method  of  Barcroft,  which  consists  in  estimating  the  amount 
of  oxygen  in  the  blood  going  to  and  coming  away  from  the  brain.  The 
results  of  this  study  were  as  follows  (Alexander  and  Cserna) : 

By  comparing  the  oxygen  content  in  the  arterial  blood  with  that  of 
the  venous  blood  of  the  sulcus  longitudinalis  and  measuring  the  velocity 
of  flow,  it  was  found  that  in  the  waking  animal  the  brain  consumed 
0.360  e.c.  oxygen  per  gram  per  minute.  This  amount  is  enormously 
greater  than  that  of  skeletal  muscle  of  0.004  e.c.  and  of  the  salivary 
glands  of  0.028  c.e.  per  gram  per  minute.  In  narcosis  by  ether  the 
consumption  sank  in  the  mean  77  per  cent. ;  the  CO^  output  59  per 
cent.  In  morphine  narcosis  the  oxygen  consumption  sank  57  per  cent. ; 
the  CO2  output  61  per  cent.  Under  ether  the  0,  consumption  could  be 
reduced  still  farther.  The  first  effect  of  the  anesthetic  is,  however,  to 
increase  the  consumption  of  oxygen.  The  initial  action  might  increase 
the  oxygen  consumption  150  per  cent. ;  the  COj  production  359  per  cent. 
This  increased  consumption  of  oxygen  corresponds  to  the  preliminary 
stimulation  which  is  the  first  effect  of  the  anesthetic.  Tashiro  and  Adams 
found  in  the  case  of  the  nerve  fiber  and  other  cells  that  the  first  effect  of 
other  anesthetics  was  to  increase  the  CO2  production  concomitant  with  the 
excitatory  action,  and  that  the  second  effect  was  to  reduce  the  COj 
output.  By  injection  of  CaCla,  which  aroused  the  brain  from  anesthesia 
by  MgSOi,  the  metabolism  rose  again  to  normal  amounts.  It  is  cleai, 
then,  that  there  is  in  the  brain,  as  in  the  nerve  fiber,  a  complete  or  wide- 
ceaching  parallelism  between  metabolism  and  the  stato  of  irritability, 
i'hese  results  completely  confirm  the  view  of  the  chemical  nature  of 
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anesthesia.  They  indicate  clearly  the  conclusion  that  conduction  and 
irritability  are  at  bottom  cheniical  processes,  rather  than  physical,  as 
they  are  sometimes  pictured. 

The  rate  of  consumption  of  oxygen  by  nerve  fibers  has  not  yet  been 
made  so  accurately  and  directly  as  the  rate  of  carbon  dioxide  produc- 
tion, as  the  methods  are  badly  in  need  of  improvement.  But  there  is  no 
doubt  from  indirect  evidence  that  the  irritability  of  the  nerve  fiber  is 
dependent  upon  a  supply  of  oxygen  and  that  it  fatigues  more  rapidly 
in  the  absence  of  oxygen  than  when  it  is  present.  Thus,  if  a  frog's 
sciatic  nerve  is  stimulated  in  hydrogen  or  nitrogen,  it  becomes  non- 
irritable  more  quickly  than  in  oxygen  and  it  recovers  if  returned  to 
oxygen.  The  oxidation  appears,  however,  to  be  in  part  independent 
of  the  oxygen  of  the  atmosphere,  or  else  there  is  some  sort  of  storage 
of  oxygen  in  the  nerve,  as  the  irritability  of  frogs'  nerves  will  persist 
for  some  hours,  although  diminished  in  amount,  in  the  absence  of 
oxygen.  The  carbon-dioxide  production  does  not  appear  to  be  due  to  ' 
a  direct  oxidation  by  the  oxygen  of  ihe  air.  It  may  be  that  the  oxygen 
in  an  available  form  is  stored  in  some  kind  of  a  loose  compound  in  the 
medullary  sh-»ath.  Whether  the  nerve  stores  oxygen  or  not  must  be  left 
for  further  investigation  to  decide.  The  carbon  dioxide  might  be  formed 
in  various  ways,  either  by  carboxylase  from  the  proteins  or  amino-acids, 
or  by  fermentation  from  the  carbohydrates,  or  by  indirect  oxidation  of 
the  fatty  acids,  or  by  the  decomposition  of  an  unstable  peroxide. 

The  attempt  has  also  been  made  to  get  some  direct  measure  of  the 
metabolism  of  the  brain  in  human  beings  by  the  use  of  the  calorimeter, 
but  so  far  without  results.  The  brain  in  human  adults  weighs  between 
1,200  and  2,000  grams;  it  makes,  therefore,  between  2  per  cent,  and  3 
per  cent,  of  the  weight  of  the  body.  On  the  other  hand,  the  muscles 
make  42  per  cent,  of  the  body  weight.  If  the  brain  could  be  brought 
into  a  condition  of  complete  rest,  the  maximum  change  of  metabolism 
of  the  body  produced  thereby  would  be  only  two  per  cent.  But  it  is 
impossible  to  make  the  brain  rest.  The  centers  are  always  more  or  less 
active  even  during  sleep,  so  that  the  difference  in  the  metabolism  to  be 
expected  would  only  be  a  per  cent,  or  so  of  the  total.  Impulses  are 
always  coming  into  the  brain  over  the  sensory  nerves  from  the  skin 
or  sense-organs  or  from  the  tendons  and  muscles.  No  difference  in  heat 
output,  or  in  respiration,  or  metabolism  could  be  detected  by  Benedict 
as  a  result  of  active  intellectual  work.  There  is,  however,  one  clear  and 
unmistakable  evidence  that  intellectual  work  involves  metabolism,  pre- 
sumably respiratory  activity  of  the  brain  tissue:  namely,  keen  intel- 
lectual work  always  causes  a  turgidity  of  the  head  and  brain;  blood 
increases  in  the  head  when  one  is  working,  as  is  evidenced  by  the  flushed 
face,  and  if  it  does  not  increase  keen  intellectual  work  is  impossible. 
In  its  absence  one  becomes  sleepy,  pale,  and  thoughts  are  sluggish,  rela- 
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tions  are  not  perceived.  No  change  can  be  detected,  so  far,  in  the  com- 
position of  the  urine  as  a  result  of  brain  work.  There  is,  in  fact,  no 
product  of  brain  metabolism,  that  is,  no  substance  whose  presence  indi- 
cates brain  metabolism,  which  has  been  found  as  yet  in  the  urine. 
Changes  in  the  metabolism  of  the  master  tissue  of  the  body  cannot,  there- 
fore, as  yet,  be  determined  by  any  examination  of  the  excretions  of  the 
body.  It  is,  hence,  impossible  to  say  whether  any  drug,  preservative  or 
food  substance  has  acted  harmfully  or  beneficially  on  the  brain  or  nerv- 
ous system  by  an  examination  of  the  urine  or  excretions. 

One  of  the  most  striking  facts  about  the  chemistry  of  the  brain  is 
the  very  large  amount  of  phosphoric  acid  it  contains.  This  fact  was 
discovered  very  early,  since  in  the  ashing  of  the  brain  substance  some 
of  the  acid  is  reduced  and  phosphorus  formed.  It  has  become  so  much 
a  matter  of  common  knowledge  as  almost  to  lose  its  significance.  This 
phosphoric  acid  is  in  part  free,  as  the  salts  of  phosphoric  acid ;  in  part 
it  is  in  combination  in  the  nucleic  acid  and  in  the  phosphoproteins ;  and 
in  larger  part  it  is  present  in  the  phospholipins.  Liebreich  crystallized 
the  impression  of  the  importance  of  phosphorus  in  the  metabolism  of 
the  brain  in  the  saying:  "  Ohne  Phosphor  keine  Gedanken  "  (Without 
phosphorus  no  thoughts) .  It  seems  that  phosphoric  acid  plays  a  highly 
important,  though  still  obscure,  role  in  the  metabolism  of  all  living  mat- 
ter. Not  only  do  we  find  compounds  of  phosphorus  most  common  in 
the  protoplasm  of  the  brain,  and  its  importance  was  emphasized  by 
Thudichum  by  the  selection  of  the  word  phosphatide  to  indicate  that 
the  other  radicles  were  grouped  around  it,  but  phosphorus  occurs  in 
large  amounts  in  the  nucleus  and  in  phytin;  it  helps  regulate  the  cell 
reaction  and,  combined  with  calcium  and  some  organic  radicles,  it  forms 
the  basis  of  many  structures  like  the  bones ;  it  has,  besides,  some  peculiar 
relation  to  the  alcoholic  fermentation  of  sugars  and  other  fermentations. 
Calcium  metaphosphate  may  not  be  at  the  basis  of  life,  but  the  impor- 
tance of  phosphoric  acid  is  not  to  be  denied. 

Summary. — We  may  summarize  the  contents  of  this  chapter  very 
briefly,  as  follows: 

In  its  chemical  composition  the  human  adult  brain  is  characterized 
by  the  very  large  amount  of  alcohol-ether-soluble  material  in  its  solids: 
by  its  vigorous  respiration;  by  its  low  rate  of  autolysis;  by  its  lack  ol' 
formative  or  growth  metabolism.  Of  the  solids  the  alcohol-ether-soluble 
material  consists  of  a  variety  of  phosphatides,  or  phospholipins,  such  as 
lecithin,  kephalin,  myelin,  sphingomyelin,  amino-myelin,  paramyelin ;  of 
glycolipins  or  cerebrosides,  such  as  phrenosin,  kerasin,  cerebron,  homo- 
cerebrin,  cerebrie  acids;  of  sulphatides;  of  cholesterol  and  phrenosterol, 
and  of  nitrogenous  fats  or  amino-lipins  (amino-lipotides).  The  brain 
contains  no  neutral  fat.    These  substances  are  found  chiefly,  but  not 
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exclusively,  in  the  medullary  sheaths  of  the  nerve  fibers.  Their  propor- 
tion in  the  gray  matter  is  also  high.  The  protein  material,  or  neuro- 
plastin,  contains  only  a  small  proportion  of  nucleic  acid,  but  differs  from 
other  proteins  in  that  it  contains  a  normal  amino-caproic  acid  or  glyeo- 
leucine.  The  proteins  of  the  brain  have  not  in  other  respects  been 
shown  to  be  different  from  those  of  other  tissues,  although  they  are  no 
doubt  specific  to  the  tissue.  It  has  not  yet  been  possible  to  examine  the 
neurokeratin  separately  from  the  other  proteins  of  the  brain.  There  are 
also  present  extractives,  among  them  inosite,  lactic,  succinic  and  formic 
acids,  creatine,  tyrosine,  glyco-leueine,  hypoxanthine  and  other  ni- 
trogenous bases  of  an  unknown  nature.  On  the  whole,  the  brain  ex- 
tractives are  very  similar  to  those  of  muscle.  Of  the  functions  of  these 
bodies  nothing  is  known.    Inorganic  salts  are  also  present. 

The  function  of  the  medullary  sheath  is  probably  nutritive.  The 
really  active  protoplasm  of  the  nerve  cell  and  body  is  characterized  by 
its  large  content  of  water,  at  least  83  per  cent,  and  probably  more,  by 
the  absence  of  stored  glycogen  and  neutral  fat,  and  by  the  presence  of 
large  amounts  of  phospholipins  and  cholesterol.  While  the  growth  or 
formative  metabolism  of  the  brain  is  low,  it  has  a  very  keen  respiration 
and  oxidative  metabolism,  the  keenest  of  all  tissues  of  the  body,  and 
the  metabolism  of  the  nerve  fiber  does  not  differ  very  much  from  that 
of  the  nerve  ganglia  in  its  intensity.  The  activity  of  the  brain  .and 
nerve  tissues  in  general  is  very  dependent  upon  oxygen  and  they  pro- 
duce large  amounts  of  carbon  dioxide,  the  amount  of  which  runs  in 
general  parallel  to  the  state  of  activity  of  the  tissue.  It  is  probably  its 
rapid  and  keen  metabolism,  which  means  that  it  has  many  reactive  bonds 
in  it,  which  makes  the  nervous  tissue  so  very  sensitive  to  drugs  of  all 
kinds. 

We  may  infer  tentatively  from  these  facts  that  the  lipins  probably 
play  a  very  important  part  in  cell  irritability  without  at  this  time  ven- 
turing to  define  more  in  particular  just  the  role  they  are  playing.  The 
phenomena  of  conduction  appear  to  be  closely  correlated  with  the 
respiration  of  the  tissue  and  are,  hence,  probably  chemical  in  nature. 
More  work  along  these  lines  is,  however,  necessary  before  any  definite 
conclusion  as  to  the  nature  of  the  nerve  impulse  can  be  drawn.  At  the 
present  time  it  appears  possible  that  it  may  be  in  the  nature  of  an 
explosive  decomposition  of  an  organic  oxide  or  peroxide  which  is  propa- 
gated along  the  fiber.  There  are  difficulties  in  the  way  of  this  ,view, 
one  of  them  being  the  fact  that  the  nerve  seems  to  liberate  no  heat 
at  the  time  it  conducts.  The  chemical  composition  has  so  far  thrown 
very  little  light  on  the  chemical  basis  of  memory,  but  it  is  suggested 
that  possibly  the  presence  in  the  brain  of  highly  unsaturated  acids  of 
the  linolinic-acid  type  may  possibly  be  in  some  relation  to  this  phe- 
nomenon, since  in  its  oxidation  this  acid  shows  some  of  the  phenomena 
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we  are  accustomed  to  call  memory,  teaching  and  forgetting  when  they 
occur  in  living  things. 

We  may  close  this  chapter  in  no  better  way  than  in  opening  the 
question  of  the  origin  of  the  psychic  qualities  which  are  so  related  to 
the  nervous  system.  Do  these  qualities  arise  de  novo  in  the  nervous 
system?  Are  they  not  found  in  their  faintest  form  way  down  the  slope 
of  animal  life?  Do  we  not  indeed  see  the  beginnings  of  psychic  life 
among  the  plants  ?  And  is  it  possible  to  start  with  the  plants  ?  Do  not 
the  foods  every  minute  change  into  living  matter  in  our  bodies?  Are 
not  the  atoms  the  same  in  the  foods  and  living  matter,  and  is  it  pos- 
sible that  they  have  different  properties  in  the  living  and  lifeless  form? 
The  atoms  we  now  know  are  composed  of  electricity  and  the  valences,  or 
chemical  bonds,  are  probably  also  electrical  in  nature.  Are  our  thoughts 
also  at  the  bottom  electrical?  Whenever  a  nerve  impulse  sweeps  over 
a  nerve  it  is  accompanied  by  an  electrical  disturbance,  and  this  dis- 
turbance is  the  surest  sign  of  life.  When  the  nerve  impulses  play  back 
and  forth  over  the  commissures  of  the  brain  they  are  accompanied  by  this 
pale  lightning  of  the  negative  variation.  Is  that  pale  lightning  what  we 
recognize  as  consciousness  in  ourselves?  It  would  seem  that  there  must 
be  some  psychic  element  in  every  electron  if  the  atoms  are  made  of 
electrons.  There  must  be  some  psychic  disturbance  in  every  union  of 
hydrogen  and  oxygen  to  make  water  and  in  every  wave  of  the  wireless 
telegraph.  When  an  electron  moves  it  generates  a  magnetic  field ;  does 
it  also  generate  a  psychic  field  ?  How  shall  we  escape  the  conclusion  that 
there  must  be  a  psychic  element  in  all  matter  both  living  and  lifeless, 
since  that  matter  is  the  same  in  the  two  forms  ?  May  it  not  be  that  just 
as  magnetism,  which  is  probably  an  attribute  of  all  molecules,  becomes 
most  evident  under  certain  conditions  in  certain  substances,  so  the 
psychic  life  common  to  air  matter  shows  its  true  character  plainly  only 
when  organized  as  it  is  in  the  brain  during  its  life?  A  magnet  when 
heated  loses  its  magnetism  as  surely  as  an  organism  when  heated  loses 
its  vitality  and  its  psychic  life.  In  the  case  of  magnetism  all  that  has 
happened  by  the  heating  is  that  the  orientation  of  the  molecules  has  been 
changed  so  that  the  magnet  is  no  longer  an  individual ;  in  the  case  of  the 
organism  a  similar  loss  of  individuality  results. 
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CHAPTER  XIV. 

THE  CONTRACTILE  TISSUES.    MUSCLE. 

Amount. — ^Muscle  forms  the  greater  proportion  of  the  living  tissual 
of  the  body.  In  an  adult  the  weight  of  the  muscle  is  about  42  per  cent 
of  the  body  weight.  Of  the  whole  metabolism  during  muscular  rest 
about  50  per  cent,  is  the  metabolism  of  muscle;  and  during  muscular 
activity  probably  nearly  three-fourths  of  the  chemical  changes  occur- 
ring are  taking  place  in  the  muscle.  These  figures  will  make  it  clear 
that  the  muscles  dominate,  as  it  were,  the  metabolism  of  the  body  and 
their  composition  and  the  nature  of  the  chemical  changes  taking  place 
in  them  become  of  the  first  importance. 

By  far  the  greater  proportion  of  the  muscle  is  under  the  control 
of  the  will  and  is  called  voluntary  muscle ;  but  a  smaller  portion  is  not 
so  controlled  and  is  found  in  the  heart,  along  the  arteries,  in  the 
walls  of  the  alimentary  canal,  in  the  uterus,  bladder  and  other  organs. 
This  latter  is  involuntary  muscle.  These  two  kinds  of  muscle  differ 
in  their  physiological  properties.  Thus  the  voluntary  has  a  short  latent 
period,  it  contracts  and  relaxes  very  quickly,  whereas  the  involuntary 
muscle  contracts  much  more  slowly.  They  differ  also  in  their  optical 
appearance,  in  their  structure  and  in  their  chemical  composition.  Heart 
muscle  in  all  its  properties  takes  an  intermediate  position  between  the 
other  two.  Thus  voluntary  muscle  appears  optically  to  be  composed 
of  alternate  lighter  and  darker  bands  of  matter.  It  is  said  to  be  cross- 
striated;  its  nuclear  material  is  relatively  small  in  proportion  to  the 
whole  bulk ;  it  contains  a  very  high  proportion  of  proteins  and  extract- 
ives and  relatively  little  water.  Involuntary  muscle  has  relatively  more 
nuclear  material  and  it  is  not  cross-striated,  so  that  it  is  called  smooth 
muscle.  It  is  very  faintly  striated  longitudinally  in  fixed  preparations. 
All  muscle  begins  development  as  smooth  muscle.  Cross-striated  muscle 
may  be  regarded  as  smooth  muscle  which  has  been  differentiated  into 
a  special  structure,  probably  securing  thereby  greater  speed  of  con- 
traction. Having  less  nuclear  material,  it  is  possible  that  the  striated 
material  has  a  lower  rate  of  nitrogen  metabolism  than  the  unstriated. 

Structure. — A  striated  muscle  consists  of  bundles  of  muscle  fibers 
united  or  bound  together  by  connective  tissue.  The  amount  of  this 
connective  tissue  varies  in  different  muscles  and  the  more  there  is  of 
it  the  tougher  is  the  muscle.     The  connective  tissue  often  contains 
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deposits  of  fat.  The  blood  vessels  running  in  the  connective  tissues  carry 
a  large  supply  of  blood  to  the  muscles,  the  capillaries  branching  about 
the  muscle  fibers  in  such  a  way  that  they  are  in  intimate  contact  with 
them.  This  arrangement  brings  directly  to  the  muscle  fibers  a  copious 
supply  of  oxygen  and  food  and  provides  for  the  rapid  elimination  of 
wastes.  During  activity  the  arterioles  dilate,  owing  in  part  to  the 
action  of  chemical  substances  formed  by  the  muscle,  and  a  more  than 
usually  copious  supply  of  blood  is  provided  thereby.  The  nerves  of 
muscle  are  both  motor  and  sensory.  The  sensory  are  distributed  at  least 
in  part  to  the  tendon,  but  the  motor  fibers  branch  freely  and  a  branch 
penetrates  each  muscle  fiber,  piercing  the  sarcolemma  (the  membrane 
surrounding  the  fiber)  and  ending  in  a  swelling  consisting  of  nuclei  and 
granular  protoplasm  called  the  muscle  plate  and  situated  about  the 
middle  of  the  fiber.  While  the  nerve  fiber  thus  enters  into  a  very  inti- 
mate connection  with  the  muscle  substance  so  that  nerve  impulses 
pass  freely  to  the  latter  and  profoundly  influence  its  metabolism, 
the  nerve  fibers  are  none  the  less  nourished  from  the  cells  which 
originate  them  and  they  degenerate  if  they  are  cut  off  from  these 
cells. 

■  The  muscle  fiber  itself  is  the  real  living,  contractile,  part  of  the  muscle. 
Such  a  fiber  is  an  elongated,  spindle-shaped  cell.  The  structure  differs 
in  different  kinds  of  voluntary  muscle,  appearing  to  have  reached  the 
highest  perfection  and  differentiation  in  the  wing  muscles  of  insects  in 
which  the  power  of  rapid  contraction  and  relaxation  is  most  developed, 
the  cross-striation  and  fibrillar  arrangement  of  the  contents  being  most 
marked;  in  mammalian  muscle,  also,  it  is  highly  differentiated,  but  in 
the  amphibia,  and  in  particular  in  the  very  low  vertebrate,  Ammocetes, 
the  fibers  are  of  a  more  primitive  structure  and  their  cellular  character 
is  more  plainly  seen,  the  differentiation  not  being  complete.  In  these 
latter  the  nuclei  are  arranged  down  the  center  of  the  fiber,  surrounded 
by  a  larger  or  smaller  part  of  undifferentiated  protoplasm ;  but  in  mam- 
malian and  insect  muscle  the  nuclei,  of  which  there  are  several,  are 
distributed  through  the  contractile  protoplasm  and  many  lie  close  under 
the  sarcolemma. 

The  exact  structure  of  the  differentiated  contractile  substance  is  still 
uncertain.  It  certainly  consists  of  alternate  disks  or  bands  of  different 
optical  and  staining  properties.  One  of  these  disks  is  doubly  refracting 
and  more  dense  than  the  other  and  it  stains  more  deeply  in  various  stains 
like  iron  hematoxylin.  In  many  muscles,  and  in  particular  in  the  insect 
muscle,  these  alternate  disks  appear  to  be  arranged  in  fibrils  which  are 
called  sarcostyles.  There  seems  to  be  no  doubt  that  in  these  muscles, 
at  any  rate,  such  a  fibrillar  arrangement  really  exists.  Their  exact 
structure  in  living  muscle  is  still  a  matter  of  controversy,    There  are, 
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besides,  in  the  living  muscle  granules,  some  of  which  may  be  glycogen. 
It  is  generally  supposed  that  there  is  also  about  the  fibrils  a  more  liquid 
portion  called  the  sarcoplasm,  but  the  existence  of  this  is  very  uncer- 
tain. Some  observers  believe  that  there  are  networks  of  an  elastic 
material  extending  in  a  regular  pattern  through  the  muscle  and  con- 
tributing to  its  relaxation.  Such  networks  can  be  made  out  in  the  fixed 
muscle,  but  their  existence  in  the  living  muscle  has  been  disputed.  Kite 
found  that  the  resistance  to  the  movement  of  a  needle  in  the  muscle  of 
Necturus  was  about  the  same  in  all  directions,  and  Kiihne  and  Eberth 
observed  in  certain  muscle  fibers  of  frogs  a  minute  parasitic  nematode 
worm  which  moved  through  the  content  of  the  muscle  fiber  as  if  it  were 
fluid. 

The  physical  consistence  of  the  contents  of  muscle  fibers  has  been 
carefully  examined  by  Kite  by  his  very  ingenious  method  of  micro- 
scopical dissection.  By  means  of  very  fine  glass  needles  carried  in  a 
mechanical  holder  he  cut  the  large  muscle  fibers  of  Necturus  into  pieces. 
He  found  the  inside  of  the  fiber,  the  protoplasm,  the  most  "  viscous, 
elastic  and  cohesive  of  the  living  gels  examined."  "  The  muscle  sub- 
stance sticks  to  a  glass  needle  and  can  be  drawn  out  into  extraordinarily 
long  threads,  which  when  released  almost  regain  their  previous  shape. 
The  absorptive  powers  and  turgidity  of  this  substance  are  compara- 
tively high."  "  When  the  whole  or  a  piece  of  a  muscle  cell  is  stretched 
the  striations  become  faint  or  disappear,  only  to  reappear  when  the  ten- 
sion is  removed."  "  If  the  point  of  a  needle  be  pushed  into  a  muscle 
cell,  it  can  be  moved  in  one  direction  about  as  easily  as  another."  He 
goes  on  to  say,  "  The  optical  appearance  of  a  striped  muscle  is  very 
misleading.  Dissection  has  shown  that  the  dark  bands  seen  in  living 
muscle  are  produced  by  concentrated  areas  of  muscle  substance,  which 
absorb  enough  transmitted  light  of  low  intensity  to  appear  as  dark 
bands  in  the  optical  image.  No  fibrils  could  be  dissected  out.  The  sub- 
stance lying  between  the  concentrated  regions  and  appearing  as  light 
bands  is  a  highly  viscous  elastic  gel,  and  has  no  physical  properties  that 
serve  to  distinguish  it  from  the  surrounding  protoplasmic  gel. "  "  Hence 
absorption,  diffraction,  refraction  and  dispersion  are  involved  in  the  for- 
mation of  the  optical  image  of  striped  muscle."  The  sarcolemma  is  ex- 
tremely elastic.  It  is  evident  from  this  description  of  Kite  that  the  muscle 
substance  consists  at  least  in  part  of  alternate  disks  of  more  and  less  con- 
centrated gel.  It  is,  however,  unlikely  that  this  gel  would  split  into 
the  very  regular  and  characteristic  fibrils  of  the  muscle  of  the  water 
beetle  as  described  by  Schaefer  if  there  was  not  in  these  latter,  at  any 
rate,  a  well-marked  fibrillar  arrangement  into  sarcostyles.  The  muscles 
of  Necturus  are  possibly  less  differentiated  than  those  of  the  insects. 
There  is  no  doubt,  however,  that  in  all  these  cases  the  substance  is 
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highly  elastic,  and  of  a  jelly  consistence;  it  is  probably  not  fluid  as  it 
was  once  supposed  to  be. 

General  composition. — Both  striated  and  unstriated,  mammalian 
muscle  contains,  in  the  adult,  from  72-78  per  cent,  of  water,  and  22-2S 
per  cent,  of  solids.  In  youth  and  in  the  fetus  the  per  cent,  of  water  is 
higher.  The  solids  are  very  largely  protein  in  nature,  and  in  this  re- 
spect the  muscle  shows  a  striking  contrast  to  the  nervous  system  in 
which  the  lipins  hold  so  prominent  a  place.  The  total  ether  extract, 
lipin  of  all  kinds,  of  the  dog's  heart  is  between  2.86-3.73  per  cent. 
(Lederer  and  Stotte).  The  glycogen  of  the  dog's  heart  is  between  0.709 
and  0.576  per  cent.  In  the  skeletal  muscle  it  may  be  a  good  deal  less 
than  this,  namely,  0.15  per  cent.  -0.3  per  cent ;  18-20  per  cent,  by  weight 
of  the  muscle  substance  is,  therefore,  protein.  The  composition  of  ox 
meat,  after  extraction  of  the  glycogen  and  fat,  was  found  by  Argutinsky 
to  be  as  follows :  C,  49.6  per  cent. ;  H,  6.9  per  cent. ;  N,  15.3  per  cent. ;  Ash, 
5.2  per  cent. ;  0  and  S,  23.0  per  cent.  The  extractives  of  muscle  are  also 
important.  The  proteins  may  be  first  considered.  They  are  generally 
divided  into  two  groups,  the  proteins  of  the  muscle  plasma  and  the  pro- 
teins of  the  stroma.  Part  of  the  proteins  are  soluble  in  ammonium 
chloride  solution.  This  protein  is  sometimes  called  myosin.  In  human 
muscle  Danilewski  found  of  21.48  per  cent,  total  solids,  3.68  per  cent, 
extracted  as  myosin  and  11.90  per  cent,  remaining  insoluble  as  protein 
of  the  stroma.  In  most  animals  a  somewhat  larger  per  cent,  of  the 
protein  may  be  extracted  by  ammonium  chloride  than  this.  In  calves' 
muscle  15.6  per  cent,  was  insoluble  protein,  3.6  per  cent,  soluble.  The 
composition  of  the  muscle  is  strikingly  different  from  that  of  the  elec- 
trical organ  which  is  formed  from  muscle.  In  the  torpedo  the  electrical 
organ  contains  only  about  8  per  cent,  of  protein  and  over  90  per  cent,  of 
water.  The  development  of  a  large  amount  of  protein  substance  in  mus- 
cle appears  to  be  correlated,  therefore,  with  the  function  of  contraction. 

Proteins  of  muscle. — The  proteins  of  muscle  are  generally  divided 
into  two  groups,  those  of  the  muscle  plasma  and  of  the  muscle  stroma. 
If  a  muscle  is  ground  or  hashed  and  then  pressed  in  a  hydraulic  press, 
with  very  high  pressures,  250  to  300  atmospheres,  there  is  squeezed  put 
a  thick  fluid,  the  plasma,  which  has  the  property  of  clotting  spontane- 
ously on  standing.  The  amount  of  the  plasma,  which  may  thus  be 
obtained  from  most  muscles  when  they  are  living  and  subjected  to  the 
high  pressures  just  mentioned,  is  about  60  per  cent,  of  the  weight  of  the 
muscle.  The  plasma  has  often  a  faint  red  color.  After  it  clots  the 
clot  contracts  somewhat  just  as  does  the  blood  clot,  though  not  to  the 
same  degree,  and  the  liquid  which  is  thus  expressed  from  the  clot  is 
called  the  serum.  Muscle  plasma  may  also  be  obtained  by  a  method 
used  first  by  the  physiologist  Kiihne.     The  muscle  is  frozen,  shaved 


604  PHYSIOLOGICAL   CHEMISTRY 

fine  in  a  knife  machine  or  microtome,  rubbed  with  sand  while  still  cold 
and  then  pressed  under  high  pressure.  The  part  which  remains  behind 
in  the  press  is  called  the  stroma.  Of  course  the  proteins  may  be  ob- 
tained directly  from  the  muscle  without  this  preliminary  expression  of 
the  muscle  juice  or  plasma,  by  the  use  of  appropriate  solvents.  Thus 
either  5  per  cent,  sodium  chloride  or  5  per  cent,  ammonium  chloride  or 
magnesium  sulphate  may  be  applied  directly  to  the  ground-up  fresh 
muscle.  By  this  means  a  portion  of  the  proteins  go  into  solution  and 
these  are  supposed  to  come  from  the  muscle  plasma.  The  stroma,  or 
the  insoluble  portion  of  the  muscle,  is  insoluble  in  all  neutral  salt  solu- 
tions and  can  only  be  dissolved  by  the  action  of  strong  acids  and  alkalies. 
It  behaves  like  coagulated  protein. 

Proteins  of  the  muscle  plasma. — There  is  a  great  deal  of  uncer- 
tainty and  contradiction  in  the  literature  in  the  account  of  the 
muscle  proteins  and  much  confusion .  in  nomenclature.  In  these  cii'- 
cumstances  we  shall  follow  the  account  of  von  Fiirth,  who  was  given  a 
great  deal  of  study  to  this  subject.  It  should  be  stated  at  the  outset, 
however,  that  the  conclusions  of  von  Fiirth  are  not  accepted  by  all  and 
have  been  contradicted  in  many  important  points  recently.  The  diffi- 
culty arises  from  the  uncertainty  whether  the  change  of  a  soluble  to  an 
insoluble  protein  involves  a  change  in  chemical  composition,  or  is  only 
a  change  in  the  state  of  aggregation.  According  to  von  Fiirth  there 
are  three  coagulable  proteins,  albumins  or  globulins  in  the  narrow  sense, 
in  muscle  plasma;  these  three  are  myogen,  myosin  and  soluble  myogen 
fibrin. 

Myosin.  This  is  the  musculin  of  the  older  observers,  or  para- 
myosinogen of  Halliburton.  It  is  a  globulin-like  substance  coagulating 
on  quick  heating  between  44  and  50°,  and  it  is  characterized  by  its 
power  of  spontaneously  coagulating  on  long  standing,  when  it  passes 
into  an  insoluble  protein  called  myosin  fibrin.  Myosin  is  soluble  in 
neutral  salt  solutions,  is  precipitated  by  dialysis  and  by  water ;  is  easily 
salted  out  of  solution  by  one-half  saturation  with  (NH4)2S04,  which 
permits  its  separation  from  myogen;  and  it  is  easily  precipitated  by 
acids.  Both  in  salt  solution  and  when  standing  in  water  it  becomes 
insoluble  (myosin  fibrin).  Its  per  cent,  of  composition  is  as  follows: 
(Kiihne  and  Chittenden). 

0,  52.79;  H,  7.12;  N,  16.86;  S,  1.26;  O,  22.97. 

Myogen.  This  is  another  protein  constituent  of  muscle  plasma. 
It  was  formerly  called,  by  Kiihne,  myosinogen,  but  this  name  von  Fiirth 
thinks  should  be  dropped,  since  it  implies. that  it  gives  rise  to  myosin 
and  this  is  incorrect.  There  is  about  three  to  four  times  as  much  myogen 
in  muscle  plasma  as  myosin.    Unlike  myosin  it  is  not  precipitated  by 
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dialysis  with  water,  nor  by  one-half  saturation  with  ammonium  sulphate. 
Thus  it  belongs  to  the  class  of  albumins  rather  than  to  the  globulins. 
It  is  precipitated  by  dilute  acids  like  a  globulin.  The  peculiar  property 
which  differentiates  it  from  other  proteins  except  myosin  is  its  power 
of  spontaneous  coagulation.  When  in  solution  it  passes  first  into  a 
soluble  metastable  form  called  soluble  myogen  fibrin,  and  then  into 
myogen  fibrin.  Some  consider  this  simply  a  change  in  the  state  of  ag- 
gregation of  the  same  protein,  the  protein  in  solution  passing  slowly 
into  an  aggregated  state.  According  to  von  Fiirth,  then,  the  spon 
taneous  coagulation  of  muscle  plasma  takes  place  according  to  the  fol- 
lowing scheme : 

Muscle  plasma 
Myosin  Myogen 

1 
Soluble  myogen  fibrin 

Myosin  fibrin  Myogen  fibrin. 

It  is  not  impossible  that  this  slow  coagulation  is  due  to  the  gradual 
hydrolytic  decomposition  of  a  salt  of  the  protein,  forming  an  insoluble 
free  protein,  but  of  the  nature  of  the  change  involved  nothing  is  cer- 
tainly known.  Halliburton  believed  that  it  was  caused  by  an  enzyme 
analogous  to  the  fibrin  ferment,  but  this  view  has  not  been  accepted  by 
von  Fiirth.  The  myosin  fibrin  and  myogen  fibrin  are  insoluble  proteins 
behaving  like  coagulated  proteins.  They  cannot  be  turned  back  into 
myosin  and  myogen.    The  change  is  not  reversible. 

Soluble  myogen  fibrin.  This  substance  is  easily  detectable,  either 
in  solution  or  when  present  in  muscle  itself,  by  its  extremely  low  tem- 
perature of  coagulation.  It  coagulates  at  30-40°,  so  that  when  soluble 
myogen  fibrin  is  formed  from  myogen  there  is  a  fall  in  the  temperature 
of  coagulation  of  the  solution  from  55-60°  to  30-40°.  According  to  Bo- 
tazzi,  this  apparent  coagulation  of  the  myogen  is  due  to  the  heating  has- 
tening the  spontaneous  change  of  myogen  to  myogen  fibrin,  or  in  other 
words  it  is  not  a  true  coagulation,  but  the  hastening  of  the  process  of 
aggregation  already  going  on.  The  difficulty  in  this  explanation  is  that 
it  does  not  explain  the  change  in  the  state  of  aggregation.  According  to 
von  Fiirth  soluble  myogen  fibrin  behaves  like  a  globulin.  It  is  precipitated 
by  half  saturation  with  ammonium  sulphate  or  by  dialysis,  and  is  in- 
soluble in  water.  It  differs  from  myosin  in  its  lower  coagulation  tem- 
perature. Stewart  and  SoUman  believed  that  myosin  and  soluble  myo- 
gen fibrin  were  identical,  but  von  Fiirth  says  that  this  is  not  so,  for  it  is 
impossible  to  change  a  pure  solution  of  myosin  to  soluble  myogen 
fibrin  coagulating  10°  lower.  Furthermore  in  frog's  muscle  both  soluble 
myogen  fibrin  and  myosin  co-exist  even  in  the  living  state,  but  in  warm- 
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blooded  animals  no  soluble  myogen  fibrin  exists  in  the  muscle,  for  did 
it  exist,  it  would  be  coagulated  by  the  heat  of  the  body.  The  ease  of 
transformation  of  myogen  into  soluble  myogen  fibrin  is  thus  described: 
"  If  one  adds  to  a  pure  freshly  prepared  myogen  solution  some  per 
cent,  of  a  neutral  salt  and  leaves  it  standing  overnight,  in  the  morning, 
although  it  shows  no  optical  change  to  the  eye,  yet  already  a  large 
portion  of  the  myogen  has  been  changed  to  soluble  myogen  fibrin." 

Myoproteid.  This  is  a  non-coagulable  protein  found  in  the  muscle 
plasma  of  the  fish.  It  is  not  present  in  the  muscle  plasma  of  mammals. 
Its  nature  is  still  undetermined,  but  it  is  not  an  albumose. 

Of  these  various  proteins,  myosin  and  myogen  are  found  in  all  ver- 
tebrate voluntary  muscles.  Myogen  has  not  been  found  in  invertebrate 
muscle.  Soluble  myogen  fibrin  is  found  preformed  only  in  the  muscles 
of  fishes  and  amphibia;  while  in  reptiles,  birds  and  mammals  it  occurs 
there  only  as  a  secondary  decomposition  product  of  the  myogen.  Myo- 
proteid is  found  only  in  the  muscles  of  fish  in  large  amount,  in  the 
amphibia  it  is  present  only  in  traces  and  in  reptiles,  birds  and  mammals 
it  is  absent.    In  heart  muscle  there  is  twice  as  much  myogen  as  myosin. 

Proteins  of  the  stroma. — The  greater  part  of  the  proteins  of  the 
muscle  are  insoluble  in  ammonium  chloride  solution.  These  are  the  pro- 
teins of  the  sarcolemma  and  the  stroma.  It  is  stated  that  the  structure 
of  the  muscle  is  not  changed  by  the  extraction  of  the  myosin;  the 
stroma  is  still  doubly  refracting.  The  amount  of  stroma  insoluble  in 
ammonium  chloride  is  very  hard  to  determine  with  any  accuracy,  owing 
to  the  tendency  of  the  muscle  proteins  to  become  insoluble.  From  per- 
fectly fresh  living  mammalian  skeletal  muscle  it  is  said  (Saxl)  that 
84-90  per  cent,  may  be  extracted  by  NH4CI,  if  rigor  is  prevented; 
whereas,  when  the  muscle  has  stood  for  a  short  time  only,  2-3  per  cent, 
is  extractable.  According  to  Salkowski,  of  the  nitrogen  of  flesh  77.4  per 
cent,  was  in  the  form  of  insoluble  coagulable  protein  and  10.08  per 
cent,  ia  the  soluble  coagulable  form.  12.52  per  cent,  was  non-protein 
nitrogen. 

The  stroma  contains  phosphorus.  It  contains  a  small  amount  of 
nucleoprotein.  Two  grams  were  obtained  from  543  grams  of  dog 
muscle  and  this  nucleoprotein  contained  0.7  per  cent,  of  phosphorus. 
Corresponding  with  this  small  amount  of  nuclear  matter,  it  was  found 
that  the  amount  of  purine  bodies  obtained  by  the  hydrolysis  of  muscle 
was  very  much  less  than  from  the  thymus  and  other  organs.  The  result 
clearly  indicates  that  the  nucleus  contains  the  nucleoproteins  and  that 
these  are  confined  to  the  nucleus.  It  is  possible  that  a  nucleoprotein  con- 
taining inosinic  acid  may  be  found  in  the  cytoplasm,  but  the  source  of 
inosinic  acid  in  the  cell  is  uncertain. 

The  stroma  contains  also  phospholipins  (phosphatides)  apparently 
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in  union  with  the  proteins,  although  this  cannot  be  said  to  be  definitely 
proved.  The  phospholipins,  which  are  present,  are  discussed  on 
page  611.  The  protein  matter  of  the  stroma  partakes  of  the  character  of 
coagulated  or  insoluble  protein,  myosin  fibrin  and  myogen  fibrin  or 
albuminoid.  It  is  either  an  albuminoid  or  metaprotein.  It  is  partially 
digestible  in  pepsin  hydrochloric  acid  and,  if  so  treated  and  the  extract 
neutralized  with  sodium  carbonate,  a  precipitate  called  myostromin, 
containing  phosphorus  and  probably  a  nucleoprotein  or  lecithoprotein, 
was  obtained. 

Prom  the  fact  that  the  stroma  retains  its  optical  and  structural 
properties  after  the  extraction  of  some  of  the  myosin  Danielewski  sup- 
posed that  the  stroma  consisted  of  a  doubly  refracting  network  or 
spongy  substance  in  the  interstices  of  which  the  myosin  was  in  solution. 
It  seems  probable  from  the  general  phenomena  of  the  squeezing  out 
from  gels  on  contraction  of  the  latter  by  the  process  called  syneresis,  of 
a  solution  containing  the  same  matter  as  the  gel,  but  in  different  con- 
centration, that  the  plasma  may,  in  reality,  contain  the  same  proteins 
as  the  stroma,  but  in  more  dilute  form.  The  myosin  is  itself,  when  in 
strong  solution  or  partially  dried,  doubly  refracting  like  the  stroma 
(liquid  crystals).  The  fact  of  double  refraction  would  indicate  that 
the  molecules  of  protein  in  the  muscle  are  not  arranged  haphazard,  but 
they  must  be  oriented  in  some  way  similar  to  their  orientation  in  a 
crystal  whether  liquid  or  solid.  Otherwise  there  could  be  no  definite 
double  refraction.  As  a  matter  of  fact  there  is  no  double  refraction 
as  long  as  the  myosin  is  in  solution;  in  other  words,  as  long  as  the 
molecules  are  so  far  apart  that  they  can  take  any  position  freely  and 
have  their  axes  directed  in  all  directions.  If  the  myosin  is  in  the  form  of 
a  gel,  the  gel  as  it  exists  in  the  muscle  must  be  so  concentrated  that  the 
molecules  are  oriented  and  have  their  freedom  of  movement  somewhat 
restricted  as  they  do  in  a  solid.  Furthermore  the  tenacity  of  the  pieces 
of  muscle  cut  out  by  Kite  and  the  remarkable  elasticity  which  the  sub- 
stance showed  indicate  that  the  muscle  substance  has  rather  the 
properties  of  an  elastic  solid,  hydrated  perhaps,  but  no  less  a  solid, 
than  the  properties  of  a  gel.  If  muscle  is  a  gel  it  is  certainly  not  a 
homogeneous  gel,  but  one  which  in  some  way  is  definitely  organized  so 
as  to  give  the  remarkable  structural  pictures  of  the  muscle.  It  is 
more  comparable  to  a  liquid  crystal  than  a  gel. 

The  protein  of  the  stroma  substance  appears,  then,  to  be  made  of 
an  albuminous,  insoluble  material  possibly  united  with  phospholipins 
to  make  lipo-  or  lecitho-proteins.  This  union,  however,  is  not  very  firm, 
it  is  dissociable  and  some  of  the  protein  remains  free.  The  molecules 
are  definitely  oriented.  It  is  also  quite  possible  that  in  the  living  muscle 
some  of  the  extractives,  such  as  creatine,  may  be  united  with  this  com- 


608  PHYSIOLOGICAL   CHEMISTRY 

plex  and  that  carbohydrate,  either  glycogen  or  glucose,  is  also  joined  to 
it  to  make  a  very  complex,  unstable  protein  molecule. 

The  proteins  of  the  different  kinds  of  muscles  do  not  differ  widely 
in  the  composition  of  the  amino-acids  that  they  yield  by  hydrolysis,  as 
may  be  seen  in  the  following  table: 

Perhaps  the  interesting  fact  here  is  the  relative  large  amount  of 
the  basic  amino-acids,  since  these  occur  also  among  the  extractives. 

Amino- Acid  Content  of  Vabious  Muscles  (Osborne  and  Heyl). 

FiBh— Halibut     Chicken  Oz  Scallop 

Glycoeoll 0.00  0.68  2.06  0.00 

Alanine    ?  2.28  3.72              

Valine   0.79  ?  0.81               

Leucine  10.33  11.19  11.65  8.78 

Proline    3.17  4.74  5.82  2.28 

Phenyl  alanine   3.04  3.53  3.15  4.90 

Aspartic  acid    2.73  3.21  4.51  3.47 

Glutaminio  acid  10.13  16.48  15.49  14.88 

Serine ?  ?  ?  ? 

Tyrosine   2.39  2.16  2.20  1.95 

Arginine  6.34  6.50  7.47  7.38 

Histidine    2.55  2.47  2.66  2.02 

Lysine  7.45  7.24  7.59  5.77 

NH^ 1.33  1.67  1.07  1.08 

Tryptophane Present       Present        Present       Present 

Proteins  of  smooth  muscle. — Smooth  muscle  of  mammals  or  birds 
extracted  with  0.7  per  cent.  NaCl  also  yields  a  muscle  plasma, 
which  spontaneously  coagulates  at  room  temperature.  By  dialysis  a 
globulin  separates,  which  coagulates  at  54-60°,  and  in  the  filtrate  from 
the  globulin  an  albumin  was  found  which  coagulated  at  45-50°.  This 
latter  substance  was  myosin ( ?).  Swale  Vincent  and  Lewis  got  from  the 
smooth  muscle  of  the  sheep's  stomach  by  extracting  with  .7  per  cent. 
NaCl  a  plasma  coagulating  at  47°,  but  no  other  protein  was  present. 
If  the  extraction  was  made  with  5  per  cent.  MgSOj,  the  coagulation  tem- 
perature of  the  extract  was  56°.  The  coagulation  temperature  of  pro- 
teins varies  within  several  degrees,  depending  on  the  salt  content,  nature 
of  the  salts,  and  reaction  of  the  solution.  56°  is  the  temperature  of 
coagulation  of  the  fibrinogen  of  the  blood  and  also  of  similar  globulins 
found  in  liver  and  other  organs.  Smooth  muscle  contains  a  larger 
proportion  of  nuclear  material  than  striated  and  the  nucleoproteid  is 
five  times  the  proportion  of  that  of  striated  muscle.  From  these  ob- 
servations it  appears  that  smooth  muscle  contains  myosin  and  nucleo- 
protein,  but  no  myogen. 

The  extractives. — The  extractive  substances  in  muscle  are  those 
organic  substances  which  may  be  extracted  with  boiling  water.  The 
great  interest  attaching  to  these  substances  is  due  to  the  circumstance 
that  they  represent  products  of  muscular  metabolism  and  thus  throw 
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some  light  on  the  nature  of  the  chemical  changes  going  on  in  it.  Further- 
more, since  the  muscles  form  nearly  half  the  weight  of  the  body  these 
substances  probably  represent  the  precursors  of  some  of  the  substances 
excreted  in  the  urine.  The  total  amount  of  extractives,  including  both 
inorganic  salts  and  organic  matter,  obtained  from  perfectly  fresh  living 
muscle  by  boiling  it  with  water  amounts  to  about  2  per  cent,  of  the 
weight  of  the  muscle.  Of  this  amount  .7  per  cent,  is  organic  and  1.3 
per  cent,  inorganic. 

The  nitrogenous  extractives.  In  this  group  are  found  creatine, 
methyl  guanidine,  carnosine,  inosine,  carnitine,  sarcosine,  taurine, 
glycocoU,  urea  and  hypoxanthine. 

Creatine.  Creatine,  or  methyl  guanidine  acetic  acid,  CiHgNjOz 
NH^  — C(=NH)— NCCHj)— CH;,  — COOH,  is  described  on  page 
702.  The  amount  of  creatine  in  voluntary  muscle  varies  from  0.3-0.45 
per  cent,  of  the  weight  of  the  fresh  muscle.  Most  of  the  creatine  may 
be  extracted  by  soaking  the  muscle  in  cold  water,  but  a  somewhat  better 
yield  is  obtained  by  making  a  boiled  extract.  Creatinine  is  found  only 
in  small  amounts  in  perfectly  fresh  muscle  and  it  is  doubtful  whether 
it  exists  in  the  living  muscle. 

The  creatine  in  muscle  is  probably  in  union  with  the  colloids  of  the 
muscle,  since  it  does  not  readily  dissolve  out  of  the  muscle.  Thus  muscle 
contains  in  100  grams  400  mgs.  of  creatine,  whereas  the  blood  contains 
only  2-3  mgs.  per  100  grams.  Creatine  is  given  off  only  in  small 
amounts  to  the  blood  by  the  normal  beating  heart  or  by  the  living  muscle, 
and  while  this  might  be  due  to  the  fact  that  the  sarcolemma  was  almost 
impermeable  to  creatine  it  is  more  probably  due  to  the  creatine  being  in 
a  loose  chemical  or  molecular  union  with  the  muscle  substance. 

The  origin  of  the  creatine  in  muscle  has  been  much  debated  and  no 
satisfactory  source  has  yet  been  established.  It  might  be  derived  from 
arginine,  which  is  guanidine-amino-valerianic  acid,  or  from  some  of  the 
phospholipins,  or  by  synthesis  from  urea  and  sarcosine.  The  matter 
is  still  under  investigation  and  no  definite  conclusions  have  yet  been 
reached.  It  appears  probable  that  the  muscle  is  able  to  methylate 
guanidine  acetic  acid  or  glycocyamine.  Whether  the  creatine  of  muscle  is 
increased  or  diminished  by  stimulation  has  been  much  disputed.  The 
older  statements  in  this  regard  are  all  open  to  question  because  of  the 
methods  of  determining  creatine,  which  were  not  quantitative;  by 
the  method  now  used  of  determining  it,  by  conversion  into  creatinine, 
a  more  accurate  determination  is  made,  but  one  also  open  to  many 
errors.  If  the  muscle  is  stimulated  in  situ  with  its  normal  blood  supply 
several  observers  have  found  that  the  creatine  is  diminished  instead  of 
increased  by  stimulation.  Liebig  reported  that  the  muscles  of  a  hunted 
fox  contained  several  times  the  normal  amount  of  creatine.    According 
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to  recent  work,  contraction  of  muscle  does  not  change  its  creatine 
content,  but  any  means  which  diminishes  the  tonicity  of  the  muscle 
does  diminish  the  creatine  content. 

Iso-creatmme.  This  has  been  isolated  from  fresh  fish  muscle.  Its 
nature  is  uncertain,  but  it  differs  from  creatinine  in  the  greater  solu- 
bility of  the  base  and  picrate  in  water  and  by  the  fact  that  oxidation  by 
potassium  permanganate  does  not  produce  methyl  guanidine,  but  am- 
monia. It  may  be  that  the  nitrogen  is  bound  to  different  carbon  atoms 
or  that  it  is  a  tautomeric  form  of  creatinine. 

Garnosine  {Ignotine)  C9H14N4O3,  is  a  basic  extractive  precipitated 
by  phosphotungstic  acid  and  by  silver  and  barium  hydrate,  according 
to  Kossel's  histidine  method.  On  hydrolysis  it  yields  histidine,  CgHg 
NjOa,  and  what  is  believed  to  be  ^-alanine.  If  this  is  so  carnosine  is 
the  first  natural  dipeptide  which  has  been  found  to  have  in  it  a 
/?-amino-acid.  It  has  been  suggested  that  it  may  arise  from  histidyl- 
aspartic  acid  by  the  action  of  a  carboxylase,  splitting  off  the  last 
carboxyl  group  of  the  aspartic  acid. 

Carnosine  has  the  following  properties: 

100  grams  water  at  24.9-25°  dissolve  31  grams  carnosine.  It  is  precipitated  from 
water  by  alcohol.  (a-)g°  =  + 20.77.  The  nitrate  melts  at  222°  (Thiele's  block). 
Colorless  needle-shaped  crystals,  m.p.  219°  with  decomposition.  "Carnosine  tastes 
insipid  and  reacts  strongly  alkaline.  It  is  not  precipitated  by  K  FeCy  ,  lead  acetate, 
acid  or  basic,  nor  by  HgKI  .  Saturated  picric  acid  does  not  precipitate  it  but  tannic 
and  phosphotungstic  acids  do.  Gold  hydrochloride  gives  a  precipitate.  It  has  been 
found  in  the  extract  of  horse,  ox  and  calf  muscle,  and  of  fish,  crabs  and  oysters,  but 
only  in  the  muscle.  It  is  not  found  in  kidneys  or  in  liver.  In  the  hind  leg  of  a  fresh- 
killed  horse  from  6.4  kilos  of  muscle,  0.58  gram  of  free  purines,  2.0  grams  of 
carnosine  and  about  10  grams  of  methyl  guanidine  were  obtained.  The  accom- 
panying table  shows  the  amounts  of  various  extractives  contained  in  one  kilo  of 
various  muscles.    The  amounts  are  expressed  in  grams. 

Amount  of  Exteactives  in  Geams  in  One  Kilo  Muscle. 

Horse  Ox        Salmon    Magiiro       Calf  rabMt         ^^ 

Creatine    0.58  3.2           3.0  2.0 

Purines    0.09-.07  0.04 

Carnosine    1.82  1.30        0.55         2.0         1.76  2.23         1.95 

Methyl  guanidine 083-.1  0.22 

Carnitine    2-.17  0.19                      0.3 

Carnitine  (Novainf).  This  has  been  found  in  horse,  calf  and  pig 
muscle.  It  is  a  base  precipitated  by  phosphotungstic  acid,  giving  with 
corrosive  sublimate  a  double  salt,  m.p.,  196° :  C7HiBNOs.2HgCl2.  Carni- 
tine is  probably  x-trimethyl-/?-oxybutyrobetain,  the  hydroxyl  probably 
being  in  the  /? position  (or  a). 

0 CO 

(CH3)3n/  I 

^CH  — CHOH— CH 
2  3 
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It  would  seem  not  impossible  that  this  base  might  be  the  mother  sub- 
stance of  choline.  It  is  conceivably  formed  from  glutamic  acid  by  split- 
ting off  carbon  dioxide  and  methylation.  This  base  is  said,  by  Krim- 
berg,  to  be  identical  with  the  Novaim,  isolated  from  meat  extract  by 
Kutscher,  but  according  to  the  latter  it  is  rather  an  isomer  of  Novain. 
The  oblitin  of  Kutscher  is  the  diethyl  ester  of  carnitine. 

Taurine.  Taurine  is  found  only  in  small  quantities  in  mammalian 
muscle,  but  it  is  the  chief  nitrogenous  extractive  in  the  muscles  of  vari- 
ous invertebrates.  The  fresh  muscle  of  the  cephalopod,  Octopus,  con- 
lains  at  least  0.5  per  cent,  of  taurine,  but  no  creatine  or  creatinine. 
This  muscle  contains  about  .03  per  cent,  of  hypoxanthine  and  no  glyco- 

coU.    Taurine  is 

o 

NH  .OH  -CH— S— OH 

'    '     '  w 

o 
Purines  of  muscle.  The  fact  that  muscle  contains  far  less  purines 
than  other  tissues  was  discovered  by  Kossel.  There  is  less  nuclear  sub- 
stance in  muscle  than  in  most  other  tissues.  In  the  cells  of  the  thymus 
glands,  for  example,  the  nuclei  nearly  fill  the  cells  and  these  cells  con- 
tain seven  to  eight  times  as  much  purine  nitrogen  as  the  muscles,  in 
which  the  greater  part  of  the  cell  is  cytoplasm.  The  pancreas  is  inter- 
mediate in  the  amount  of  nuclear  material  and  purine  bases  it  contains. 
This  fact  indicates  that  probably  the  purine  bases  are  confined  to  the 
nucleus.  The  amount  of  purines  in  various  tissues  is  shown  in  the  follow- 
ing table  in  which  the  purine  nitrogen  is  expressed  in  per  cent,  of  the 
weight  of  the  fresh  organ : 

Total  Purine  NiTKOOEast   in   Per   Cent,   of  the   Wet  Weight   of  the  Obqan 

(Burian  and  Hall). 

Organ  Per  cent. 

Horse  meat 055 

Ox  meat 062 

Veal    071 

Thymus    482   (by  quick  work) 

"  429   ( by  slow  work ) 

Pig's  pancreas 123 

Ox  pancreas    183 

The  hypoxanthine  of  muscle  increases  during  muscular  work,  whereas 

if  the  perfused  muscle  is  stimulated  the  purine  base  nitrogen  falls  from 

.06  to  .04  per  cent.    Muscles  give  off  purine  bases  to  the  blood  stream 

when  they  do  work ;  they  also  give  off  some  uric  acid.    The  purine  base 

and  uric  acid  in  the  blood  perfused  through  muscle  behave  as  follows : 

Total  purine  Uric  acid  N  -Uric  acid  Purine  base 

N  m^s.              mgs.  nigs.           N  mgs. 

Jefore  perfusion   4.0  4.0 

ctfter  1  h.  at  rest— 1000  c.c.  blood  perfused  . .     5.2              1.6  4.8              3.6 

2d  period  muscle  at  work — 1000  c.c.  blood  . .     8.5              2.1  6.3              6.4 

3d  period  muscle  at  rest  1  h. — 1 000  c.c.  blood  . .   10.5              5.7  17.1              4.8 
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Glycocoll  and  Urea.  Large  amounts  of  glycocoll  are  found  in  the 
muscle  of  peeten  irradians,  0.39-0.71  per  cent,  being  present.  Urea  is 
present  in  only  small  amounts  in  the  muscle  of  mammals,  .04-.08  per 
cent.,  but  about  1-2  per  cent,  is  present  in  the  muscles  of  elasmobranchs, 
such  as  the  sharks  and  rays.  If  elasmobranch  muscle  dries,  some  of  the 
urea  decomposes  yielding  ammonium  carbonate,  so  that  the  muscle  ap- 
pears to  have  urease  in  it. 

Inosine  {Carnine).  C10H12N4O5.  This  substance  is  a  decomposi- 
tion product  of  inosinic  acid  and  consists  of  a  compound  of  hypoxan- 
thine  and  d-ribose,  a  pentose.  Similar  substances  (vemin)  have  been 
found  in  plant  cells  by  Schulze.  Of  its  function  or  significance  nothing 
is  known. 

Inosinic  acid.  CioHiaNiPOg.  This  was  discovered  in  muscle  by 
Liebig,  who  quite  overlooked  its  phosphorus  content,  but  found  that  it 
yielded  sarkine  (hypoxanthine)  and  a  carbohydrate.  It  has  since  been 
shown  to  be  a  compound  of  hypoxanthine,  d-ribose  and  phosphoric  acid 
and  to  have  the  probable  formula : 

0  =  0— NH 
O  H    H    H   H   H  II 

M  1     I     1     I      I         /NH-i    kK 

HO— P— O— 0— C— 0— C— C— Cl  II     IL 

I  I      I     OH  OH  I         ^N   — C— N 


About  .11  per  cent,  of  inosinic  acid  is  present  in  the  muscles  of  fowls, 
whereas  none  is  present  in  the  muscles  of  pigeons.  None  was  found  by 
Schlossberger  in  human  muscle.  Inosinic  acid  is  obtained  from  the 
alcohol-extracted  and  powdered  meat  by  extracting  one  kilo  of  the  dry 
residue  with  2-3  liters  of  warm  water.  The  phosphates  are  carefully 
precipitated  with  Ba(0H)2,  the  solution  neutralized  with  HNO3  and 
the  inosinic  acid  precipitated  with  AgNOg.  The  precipitate  is  decom- 
posed with  HjS  and  the  filtrate  evaporated  to  a  syrup,  which  becomes 
powdery  with  alcohol.  The  free  acid  is  insoluble  in  alcohol  and  ether. 
1,000  parts  of  water  at  16°  dissolve  2.5  parts  of  the  salt.  Inosinic  acid 
is  a  mono-nucleotide.  Whether  it  is  found  in  the  nuclei  or  cytoplasm 
cannot  be  said.  Its  relation  to  the  nucleic  acid  of  the  nucleus  is  un- 
known. 

i-Inosite.  CeHijOg;  C8H8(OH)  j.  Hexahydroxyhexamethylene.  Ino- 
site  is  found  in  nearly  all  organs  of  the  animal  body,  in  the  heart, 
skeletal  muscle,  liver,  pancreas,  spleen,  kidneys,  supra-renals,  testes, 
spinal  cord,  brain  and  lungs  of  mammals.  It  does  not  occur  in  the 
normal  urine  of  man  or  rabbits,  but  it  has  been  found  in  the  urine  in 
diabetes  insipidus  and  mellitus  (Kulz).  It  is  not  constantly  present  in 
the  urine  in  these  diseases,  for  in  eight  cases  of  diabetes  insipidus  it  was 
found  only  once.    It  is  sometimes  present  in  quantities  in  the  urine. 
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One  ease  of  inosite-uria  has  been  described  in  which  18-20  grams  of 

inosite  were  excreted  daily   (Vohl).     Inosite  is  also  widely  spread  in 

the  plant  world  and  it  occurs  in  especially  large  quantities  in  green 

beans.    It  appears  to  be  oxidized,  or  destroyed,  in  the  body,  since  Kulz 

gave  a  man  30-50  grams  of  inosite  and  recovered  in  the  urine  only 

0.2-0.5  gram.     The  wide  occurrence  of  inosite  in  all  forms  of  living 

cells  indicates  its  connection  with  some  fundamental  process  in  the 

living  protoplasm.    It  is  found  united  with  phosphoric  acid  as  phytin  in 

bran.    Phytin  is  probably 

H  OPO(OH)j 
C 
H   /\    H 
(HO)sOPO  C        C  OPO(OH)a 

HI  |H 

(HO),OPO  C         C  OPO(OH), 

0 
H  OPO(OH), 
Phytin. 

Phytin  has  a  marked  laxative  action  on  the  bowels  and  inosite  also, 
when  taken  by  the  mouth,  produces  diarrhoea. 

There  are  in  nature  three  forms  of  inosite:  i-inosite,  found  in  mus- 
cle, which  is  the  meso-inosite  and  inactive;  d-inosite  and  1-inosite.  It 
crystallizes  in  large,  rhombohedric  crystals;  it  is  very  soluble  in  hot 
water,  insoluble  in  absolute  alcohol  and  ether ;  its  solutions  have  a  sweet 
taste,  but  it  does  not  reduce  Fehling's  solution. 

It  is  generally  thought  to  occur  free  in  the  muscle,  but  some  think 
that  it  is  in  union  with  some  other  substance.  The  amount  in  muscle 
is  small,  only  about  .003  per  cent,  being  present.  From  the  brain  10 
grams  were  obtained  from  50  pounds.  Of  its  function  nothing  is  known. 
Presumably  it  is  formed  from  carbohydrates. 

Mytilite. — This  is  a  body  related  to  inosite  which  is  found  in  the  aqueous  extract 
oi  the  muscle  closing  the  shell  of  Mytilus  edulis.  It  appears  to  be  a  penta  alcohol, 
having  five  groups  capable  of  acetylation.  It  contains  a  hexa  carbon  ring  and  gives 
Scherer's  reaction.  It  is  isomeric,  or  stereoisomeric,  with  quercite  and  isoquercite. 
It  resembles  an  anhydride  of  inosite.  Its  formula  is  C  H  0  .211  O.  Among  the 
other  extractives  of  this  muscle  are  betaine  (Brieger;  Jensen),  taurine  and  1.5%  of 
glycogen. 

Xylose.  Xylose  was  found  by  Henze  to  make  from  0.4-0.9  per  cent, 
of  the  dry  weight  of  the  muscles  of  Octopus. 

Carnic  and  phosphocarnic  acid.  This  is  a  substance  found  in  the 
extractives  of  muscle  and  obtained  as  a  copper  salt.  Carnic  acid  is 
probably  a  dipeptide  of  the  formula  CioHigNgOs.  This  substance  binds 
hydrochloric  acid  so  firmly  that  it  forms  no  precipitate  with  silver 
nitrate  except  on  boiling.  It  gives  the  biuret  reaction  and  is  identical 
with  anti-peptone.     It  is  said  to  yield  lysine  and  some  ammonia  on 
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hydrolysis.  Carnic  acid  exists  also  in  combination  with  phosphoric 
acid,  according  to  Siegfried,  to  form  phosphocarnic  acid,  to  which  im- 
portant functions  were  originally  assigned.  Prom  further  work  it  seems 
doubtful  whether  phosphocarnic  acid  is  a  pure  substance.  There  may 
be  a  series  of  similar  compounds  of  an  analogous  nature.  It  need  not  be 
considered  more  at  length  until  further  work  has  been  done  upon  it. 

Succinic  acid.  C,H„0,.  COOH.  CH,— CH^.COOH.  This  acid  is 
one  of  the  more  abundant,  non-nitrogenous  extractives  of  muscle.  It  is 
found  in  the  fresh  muscle  as  well  as  in  meat  extract.  1.5  kilos  of 
dog's  muscle  two  hours  after  death  yielded  0.24  gram  of  succinic  acid; 
from  1.8  kilos  of  beef  muscle,  48  hours  after  slaughter,  0.133  gram 
were  obtained;  and  seven  days  later  1.75  kilos  of  the  same  beef  yielded 
0.122  gram.  The  amount  is  so  large  that  it  cannot  possibly  all  be  de- 
rived from  phosphocarnic  acid,  even  if  it  be  admitted  that  the  latter  is 
an  individual.  Succinic  acid  possibly  plays  a  role  in  oxidation,  since 
it  was  found  by  Thunberg  to  influence  oxidation  of  the  muscle  in  quite 
a  special  manner.  This  acid  is  also  one  of  the  constituents  of  the 
oxidizing  ferment  lacease,  which  may  be  of  interest  in  connection  with 
the  results  of  Thunberg.  Whether  muscle  can  oxidize  or  destroy  this 
acid  is  unknown.  It  is  doubtful  whether  it  is  oxidized  to  malic  acid. 
The  role  it  is  playing  in  muscle,  the  conditions  of  its  formation,  and  its 
fate,  if  normally  formed  there,  require  further  investigation.  It  is 
found  also  in  the  brain  extractives. 

Lipins  of  muscle. — These  consist  of  neutral  fat,  cholesterol  and  phos- 
pholipins.  The  latter  are  very  little  known  at  the  present  time.  The 
neutral  fat  probably  comes,  for  the  greater  part,  from  the  connective 
tissue;  the  phospholipins,  however,  are  derived  from  the  muscle  itself. 
Of  the  skeletal  muscle  the  phospholipin  makes  about  30  per  cent., 
usually,  of  the  total  lipins,  but  in  the  heart  the  proportion  of  phospho- 
lipin may  be  60-70  per  cent,  of  the  total  lipin.  The  cholesterol  is  about 
0.2  per  cent,  of  the  dry  substance.  The  phospholipins  of  the  heart  and 
skeletal  muscle  have  been  investigated  recently  by  Erlandsen.  In  the 
heart  there  is  found  a  peculiar  lipin  like  cephalin,  having  highly  un- 
saturated fatty  acids,  which  has  already  been  described  on  page  95. 
There  are  also  present  other  lipins  more  of  the  nature  of  lecithin.  Since 
these  bodies  have  probably  not  been  obtained  as  yet  in  a  pure  state 
and  have  been  but  little  investigated,  we  need  not  discuss  them  further 
here.  The  total  lipin  content  of  the  muscle  is  between  2  and  3  per  cent, 
of  the  wet  weight  of  the  muscle.    Figure  56. 

Inorganic  constituents  of  muscle. — The  principal  points  of  interest 
in  the  inorganic  constituents  of  muscle  are  the  relatively  large  proportion 
of  potassium  as  compared  with  sodium  and  the  considerable  quantity  of 
phosphoric  acid  present.     The  phosphorus  is  mainly  in  the  inorganic 
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form.  The  total  amount  in  muscle  is  about  0.2  per  cent.  Of  this 
amount  in  ox  flesh,  Constantino  found  81  per  cent,  as  inorganic  and  19 
per  cent,  as  organic  phosphorus.  Grindley  got  93  per  cent,  in  the  form 
of  inorganic  phosphorus  in  the  beef  he  examined.  Of  the  organic  phos- 
phorus, 16  per  cent,  is  present  as  phosphatide  and  3  per  cent  as  other 
organic  phosphorus  compounds,  nueleins,  etc.  In  heart  muscle,  the  inor- 
ganic is  only  40  per  cent,  of  the  total  and  the  organic  60  per  cent.  (Con- 
stantino). In  smooth  muscle  50-70  per  cent,  of  the  total  phosphorus  is 
organic,  but  the  non-phosphatide,  organic  phosphorus  is  larger,  probably 


Fio.  56.^DIstribation  of  lipin  in  muscle  cells  (Noll).  A,  Lipin  stained  with  osmlc 
acid  in  pectoralls  of  pigeon.    B,  Osmlc  acid  preparation  of  rabbit  smooth  muscle. 

owing  to  the  larger  amount  of  nuclear  material  present.  Thus  in  the 
heart  there  were  42  per  cent,  of  phosphatide  phosphorus  and  20  per 
cent,  of  non-phosphatide,  organically  bound  phosphorus.  In  smooth 
muscle  of  the  50  per  cent,  organic  phosphorus,  27-42  per  cent,  were  in 
the  form  of  non-phosphatide  phosphorus  organically  combined. 

In  striated  muscle  there  are  from  2-3  times  as  many  atoms  of  potas- 
sium as  of  sodium  present.  The  atomic  ratio  K :  Na  is  2.60 — 3.34 : 1. 
In  smooth  muscle  the  ratio  is  variable.  In  the  retractor  penis  it  is  very 
nearly  1 : 1.  But  in  the  stomach  it  is  about  the  same  as  in  striated  mus- 
cle. In  striated  muscle  of  mammals  there  is  about  0.32-0.42  per  cent,  of 
potassium  and  0.04-0.07  per  cent,  of  sodium  computed  on  the  wet 
weight ;  of  smooth  muscle  that  of  the  stomach  has  about  the  same  propor- 
tion of  sodium  and  potassium  as  striated,  but  the  retractor  muscle  of  the 
penis  and  smooth  muscle  of  the  uterus  have  about  0.26  per  cent,  of  potas- 
sium and  0.15  per  cent,  of  sodium  (Constantino.  See  also  Pahr  and 
Meigs). 

The  internal  secretion  of  muscle. — Like  all  other  tissues  of  the 
body,  the  muscles  are  constantly  giving  ofif  to  the  blood  substances 
which  are  to  be  eliminated,  or  which  affect  more  or  less  profoundly 
other  organs.  Knowledge  of  the  substances  thus  given  off  is  still  un- 
certain, but  the  finding  in  the  urine  in  small  quantities  of  most  of  the 
extractives  of  muscle  (Kutscher)  shows  that  these  substances  are  prob- 
ably given  to  the  blood  by  muscle.  It  has  been  found  by  perfusion 
experiments  that   carbon   dioxide,    creatine,   methyl  guanidine,   hypo- 
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xanthine,  lactic  acid  and  acetone  are,  sometimes  at  any  rate,  given  off 
from  contracting  muscle.  Some  of  these  substances  are  of  importance 
in  stimulating  the  respiratory  center.  This  is  true  of  the  carbon  dioxide 
and  the  lactic  acid;  others  produce  dilation  of  the  arterioles  and  in 
this  way  serve  the  muscle ;  the  acids,  also,  have  the  very  important  func- 
tion, particularly  in  amphibia  and  cold-blooded  animals,  of  helping  to 
dissociate  oxygen  from  oxyhemoglobin,  thus  turning  the  oxygen  out 
of  the  blood  so  that  it  can  be  utilized  by  muscle.  (See  page  487.) 
Blood  of  tetanized  dogs  is  said  to  be  toxic  and  on  transfusion  to  other 
dogs  causes  in  them  disturbances  both  of  the  circulation  and  respiration. 
(Compare  parathyroid  tetany,  page  655.)  The  substances  so  acting 
are  said  to  be  soluble  in  alcohol.  There  is  no  doubt  that  much  remains 
to  be  done  in  this  branch  of  the  subject.  Methyl  guanidine,  which  is 
found  in  some  muscles,  is  decidedly  toxic,  as  is  also  oblitine.  These  toxic 
bases  have  been  found  in  the  urine  of  dogs  after  parathyroid  extirpation. 

The  metabolism  of  muscle. — It  is  extremely  difficult,  from  the 
account  which  has  just  been  given  of  its  composition,  to  form  any 
probable  picture  of  the  nature  of  the  metabolism  of  muscle  and  the 
changes  occurring  in  it,  particularly  during  contraction  or  muscle  rigor. 
By  many  authors  an  attempt  has  been  made  to  distinguish  between  that 
part  of  the  metabolism  which  is  concerned  with  the  formation  of  the 
muscle  cell  itself,  its  formative  metabolism  so  called,  and  the  metabolism 
which  is  involved  in  its  activity  during  contraction,  or  its  energy 
metabolism.  It  is  doubtful  to  what  extent  this  separation  of  the  two 
phases  is  justified,  but  as  it  is  not  unlikely  that  the  character  of  the 
chemical  processes  involved  in  forming  the  protein  machinery  of  the 
muscle  are  different  from  those  involved  in  furnishing  the  energy  for 
contraction,  the  total  metabolism  may  be  discussed  under  these  two 
headings. 

The  formative  metabolism  of  muscle. — The  formative  metabolism  of 
muscle,  like  that  of  all  other  cells,  is  that  metabolism  in  virtue  of  which 
the  substance  of  the  muscle  is  produced.  Its  general  features  are  those 
common  to  all  cells.  The  proteins  of  the  muscle  are  characteristic  and, 
indeed,  the  muscle  of  each  species  of  animal  has  its  own  specific  protein. 
Probably  were  our  methods  fine  enough,  we  should  find  the  proteins 
of  each  individual  of  the  same  species  to  be  different  from  the  cor- 
responding proteins  in  other  individuals.  These  proteins  are  prob- 
ably made  from  the  amino-acids  brought  to  the  muscle  from  the  digestive 
tract  by  the  blood.  The  synthesis  of  the  amino-acids  into  the  specific 
proteins  is,  hence,  a  part  of  this  formative  metabolism.  It  is  unknown 
how  each  tissue  picks  out  or  uses  just  those  amino-acids  in  the  right 
proportion  to  form  its  own  specific  proteins.  Possibly  it  depends,  in 
part,  on  a  slightly  different  rate  of  destruction  of  the  different  amino- 
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acids  in  different  muscle  cells.  But  not  only  has  muscle  the  power 
of  forming  proteins  from  amino-acids;  it  is  also  able  to  destroy  these 
proteins  and  reduce  them  to  amino-acids.  It  has  the  property,  in  other 
words,  of  auto-  or  self-digestion.  This  happens  in  starvation ;  in  wast- 
ing diseases,  when  fever  exists ;  and  it  probably  happens,  also,  in  the 
wasting  of  a  muscle  from  disuse.  The  fundamental  protein  metabolistn 
of  muscle  is  not  especially  keen.  On  the  contrary,  there  are  many  indi- 
cations that  muscles  are  not  remarkable  for  their  power  of  growth  and 
repair.  The  fundamental  formative  metabolism  goes  on  at  a  faster  or 
slower  rate,  depending  on  circumstances,  such  as  temperature;  and 
possibly  upon  the  number  and  character  of  the  nerve  impulses  reaching 
it ;  or  upon  age,  being  more  rapid  in  youth  than  later  in  life ;  or  upon 
health  or  sickness,  a  rapid  catabolism  taking  place  under  conditions 
of  starvation,  etc. 

But  muscle  is  more  than  a  simple  protoplasmic  cell.  Its  living 
raaterial  has  either  been  transformed  in  large  part  into  a  machinery 
capable  of  producing  changes  in  shape  of  the  muscle  at  a  rapid  rate,  or 
the  living  material  has  fashioned  in  itself  a  machinery,  possibly  not  a 
truly  living  machinery,  which  is  the  machinery  of  contractility.  It  is 
impossible  to  say  at  present  whether  the  contractile  machinery  is  truly 
self -perpetuating  or  not;  whether,  in  other  words,  it  is  living  or  not, 
or  whether  it  is  not  to  be  regarded  as  a  piece  of  lifeless  protein  ma- 
chinery more  like  connective  tissue,  or  the  catgut  fibers  of  Engle- 
mann's  artificial  muscle,  which  works  under  the  influence  of  the  chemi- 
cal changes  occurring  in  the  living  material  which  has  formed  and 
which  surrounds  it.  "Whatever  may  be  the  truth  of  this  matter  it  seems 
possible  that  the  muscle  has  quite  a  special  metabolism,  distinct  from  its 
formative  metabolism,  and  that  this  second  metabolism,  the  energy 
metabolism,  is  concerned  with  its  functions  as  a  motor,  or  contracting 
engine.  This  second  metabolism,  that  of  contraction,  is  thought  to  be,  as 
it  were,  superimposed  upon,  or  separate  from,  the  fundamental  metab- 
olism of  the  muscle  cell  proper.  It  is  a  destructive  metabolism,  or  catab- 
olism, by  which  heat  and  energy  are  set  free  sufficient  to  move  the 
machinery  and  produce  contraction. 

The  nitrogen  output  of  muscle  is  probably  not  so  keen  during  rest  as 
that  of  many  other  tissues  of  the  body.  There  is  a  general  law  which 
prevails  throughout  the  whole  animal  and  plant  kingdom  that  that 
organ  which  has  the  most  powerful  formative  metabolism  always  draws 
upon  and  reduces  the  metabolism  of  other  organs  of  a  less  intense 
metabolism.  Thus  the  apical  buds  of  plants  inhibit  the  development  of 
buds  farther  down  the  branch.  So  in  times  of  fasting  or  starvation  the 
muscle  protein  is  torn  to  pieces  and  converted  into  amino-acids,  which, 
passing  from  the  muscle  to  the  blood,  are  carried  by  that  internal 
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medium  to  those  organs  of  which  the  metabolism  is  keener,  to  the  brain 
and  nervous  tissues  and  the  heart,  and  serve  to  nourish  those  organs  at 
the  expense  of  the  muscles.  Thus  during  fasting  the  voluntary  muscles 
waste  away,  but  the  brain  and  the  heart  keep  their  weight  almost  un- 
changed, and  those  muscles  which  are  of  the  most  importance  to  the 
animal  and  are  the  most  exercised  draw  upon  those  of  less  importance. 
This  conversion  of  the  muscle  proteins,  or  self -digestion,  is  accomplished 
by  means  of  autolytic  enzymes;  a  plentiful  supply  of  food  and  oxygen 
normally  holds  these  enzymes  constantly  in  check.  Hence  a  rapidly 
contracting  muscle  like  the  heart  is  able  to  maintain  its  material  intact, 
whereas  a  resting  muscle  gradually  wastes  away.  Acids  are  particularly 
prone  to  set  free  the  autolytic  enzymes  of  cells. 

The  formative  metabolism  of  muscle  is  also  dependent  directly, 
or  indirectly  through  the  blood  supply,  on  the  innervation.  Muscle  of 
which  the  nerve  has  been  cut  degenerates,  the  cross-striations  break 
down,  fat  staining  in  osmic  acid  appears  and  there  is  a  marked  reduc- 
tion in  the  bulk  of  the  muscle.  This  degeneration  may  be  the  result 
either  of  the  falling  away  of  the  nerve  impulses  of  a  heat-producing  or 
tonic  kind,  which  may  normally  be  constantly  impinging  on  the  muscle, 
impulses  which  do  not  cause  muscle  contraction  but  keep  it  in  a  state  of 
tone ;  or  it  may  be  due  to  the  lack  of  control  of  the  blood  supply  of  the 
muscle.  Ordinarily  the  metabolic  demands  of  the  muscle  are  very  care- 
fully met  by  the  vascular  system;  but  in  the  absence  of  this  control, 
no  regulation  of  supply  and  demand  any  longer  exists.  Which  of  these 
mechanisms  determines  metabolic  control  cannot  be  decided.  It  would 
seem  possible,  also,  that  the  nerve  impulses  play  an  important  part  in 
the  organization  of  the  muscle  substance.  The  re-establishment  of  the 
connection  of  the  nerve  with  the  muscle,  after  the  nerve  has  been  cut 
and  degenerated,  leads  to  the  reorganization  of  the  muscle  substance 
and  its  restoration  to  a  normal  state.  It  would  seem  possible  that  this 
organization  proceeds  outward  from  the  nerve  terminals  and  is  pro- 
duced by  the  nerve  impulses,  just  as  the  brain  material  is  organized  by 
the  impulses  coming  into  it.  It  is  not  possible  to  say  whether  the  growth 
of  a  muscle  accompanying  its  use  is  due  to  a  stimulation  of  the  form- 
ative metabolism  coincident  with  a  stimulation  of  the  energy  metab- 
olism, or  whether  it  is  an  indirect  result  of  the  stimulation  of  the  latter. 
It  is,  on  the  whole,  probable  that  it  is  a  direct  result  of  the  energy  stimu- 
lation and  that  a  nerve  impulse  striking  the  muscle,  not  only  causes  the 
great  catabolism  which  liberates  energy  and  produces  contraction, 
but  also  directly  stimulates  the  other-  chemical  changes  of  a  form- 
ative nature.  Something  similar  occurs  in  nerve  tissue,  in  which  it 
has  been  shown  that  the  formative  metabolism,  which  causes  the  develop- 
ment of  the  centers  of  the  brain,  is  thus  influenced  by  nerve  impulses. 
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For  example,  if  the  eyelids  of  a  puppy  are  sewed  together  at  birth,  so 
that  they  cannot  be  opened  and  no  stimulation  of  the  retina  occurs, 
it  has  been  found  that  the  cells  of  the  brain  ganglia  concerned  with 
vision  do  not  develop  as  they  normally  do,  but  remain  in  an  infantile 
state.  In  the  ease  of  muscle  it  seems  probable,  as  has  already  been 
stated,  that  a  constant  stimulation  of  the  muscle  through  the  nerve 
occurs.  This  stimulation  does  not  cause  muscle  contraction,  because  it  is 
not  sufficiently  intense,  but  it  is  sufficient  to  stimulate  the  formative 
metabolism  and  perhaps  to  maintain  a  certain  tonus  in  the  muscle. 

In  the  course  of  the  formative  metabolism  of  muscle  creatine,  among 
other  things,  is  produced.  Nothing  definite  is  as  yet  known  of  the  real 
function  of  creatine,  but  according  to  the  work  of  van  Hoogenhuyze 
and  Verploegh  creatine  is  produced  in  the  course  of  that  metabolism 
which  is  concerned  with  tonus.  These  authors  have  shown  that  tonic 
contraction  of  muscle  increases  the  creatine  output  in  the  urine  and 
increases  the  creatine  content  of  muscle.  Some  authors  have  reported 
an  increase  in  the  creatine  content  of  muscle  as  a  result  of  nerve  stimu- 
lation. While  this  is  not  improbable,  the  evidence  is  as  yet  unsatis- 
factory. That  muscle  has  in  it  the  precursors  of  creatine  is  probable 
from  the  fact  that  on  autolysis  an  increase  of  the  total  creatine  and 
creatinine  of  the  muscle  occurs.  On  the  other  hand,  Mellanby  has 
failed  to  get  any  such  increase  when  bacteria  were  absent.  But  blood 
certainly  contains  such  a  precursor.  It  is  stated  that  the  addition  of 
gelatin  to  autolyzing  muscle  increases  the  creatine  formed  on  autolysis. 
A  study  of  the  creatine  content  of  muscle  during  disease  also  indicates 
the  connection  of  creatine  with  the  formative  metabolism.  Thus  in  dis- 
eases involving  the  wasting  of  muscle  abnormally  large  amounts  of 
creatine  appear  in  the  urine  (Shaffer),  if  the  methods  used  for  detecting 
creatine  are  reliable,  which  seems  somewhat  doubtful. 

Nucleins  also  play  a  part  in  the  formative  metabolism  of  muscle. 
The  uric  acid  excretion  undergoes  a  remarkable  rise  following  muscular 
work.  This  rise  lasts  only  for  a  couple  of  hours  and  is  then  followed 
by  a  fall  so  that  the  total  excretion  is  not  changed  by  work.  Muscular 
work  appears,  in  the  first  place,  to  increase  the  hypoxanthine  content, 
and  this  is  then  oxidized  to  uric  acid.  It  has  been  suggested  that  this 
oxidation  happens  only  as  the  hypoxanthine  is  about  to  leave  the  mus- 
cle and  is  due  to  the  fact  that  the  hypoxanthine  oxidase  is  found  only 
in  the  periphery  of  the  muscle.  It  is  probable,  since  muscle  is  formed 
in  young  children  when  on  a  purine-free  diet,  that  muscle  has  the 
power  of  making  purines  from  non-purine  precursors. 

The  formative  metabolism  includes  the  power  of  making  glycogen 
and  possibly  of  making  carbohydrate  from  non-carbohydrate  material, 
such  as  the  proteins.     Glucose  brought  to  muscle  is,  in  part,  stored  as 
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glycogen.  The  origin  of  the  d-ribose  in  inosinic  acid  is  unknown,  nor 
can  anything  be  said  concerning  the  origin  of  the  phospholipins. 

On  the  whole,  then,  the  formative  metabolism  of  muscle  presents 
just  those  problems  which  all  other  tissues  present;  problems  of  which 
the  solution  remains  for  the  future. 

The  energy  metabolism  of  muscle. — The  energy  metabolism  of  mus- 
cle is,  as  it  were,  superimposed  upon  the  formative  metabolism.  This 
metabolism  is  peculiar  in  that  it  does  not  directly  involve  any  increase 
in  protein  catabolism.  Muscular  work  does  not  increase  the  nitrogen 
output  of  the  body  or  of  muscle.  This  metabolism  involves  primarily 
the  carbohydrates  and  we  may  now  consider  the  changes  in  composi- 
tion of  muscle  produced  by  muscular  work. 

1.  Change  in  glycogen  content.  That  muscles  contain  glycogen 
in  considerable  quantities  was  discovered  shortly  after  Bernard  found 
glycogen.  The  amount  of  glycogen  in  different  muscles  and  in  the  cor- 
responding muscles  of  different  animals  is  variable.  Thus  horse  muscle 
contains  an  unusually  large  quantity  of  glycogen,  1-2  per  cent.,  and 
since  glycogen  can  be  detected  in  muscle  microscopically  by  the  brown 
reaction  it  gives  with  iodine,  it  is  possible  in  this  way  to  detect  the 
presence  of  horse  meat  in  sausage,  or  other  food  products  in  which  it 
has  been  used.  Another  muscle  having  a  large  amount  of  glycogen  is 
that  of  the  scallop,  or  the  shell-closing  muscle  of  Mytilus  edulis,  which 
contains  also  about  1.5  per  cent.  Ox  flesh  and  other  forms  of  muscle 
contain  less.  Thus  it  has  been  found  that  perfectly  fresh  ox  muscle 
contains,  on  the  average,  only  0.3  per  cent,  of  glycogen.  The  glycogen 
content  of  muscle  is  subject  to  variation  with  the  diet,  but  the  variation 
is  less  than  that  of  liver  glycogen.  Thus,  in  fasting,  glycogen  disappears 
more  rapidly  from  the  liver  than  from  muscle.  A  large  intake  of  glu- 
cose or  other  carbohydrate  increases  the  glycogen  of  the  liver  more  than 
that  of  the  muscle,  but  still  glycogen  increases  also  in  muscle  in  such 
cases.  The  heart  muscle  normally  contains  fully  as  large  an  amount 
of  glycogen  as  the  skeletal  muscle,  but  glycogen  disappears  after  death 
more  rapidly  from  the  heart  than  from  skeletal  muscle,  so  that  many 
observers  have  found  less  glycogen  in  the  heart  than  in  other  muscles. 

The  localization  of  glycogen  in  the  muscle  has  been  repeatedly  in- 
vestigated. It  is  found  in  the  form  of  granules  in  the  living  matter 
itself  (Arnold),  in  the  sarcoplasm,  but  not  in  the  fibrils.  According  to 
Arnold  glycogen  is  best  fixed  by  corrosive  sublimate  containing  some 
glucose. 

The  glycogen  of  muscle  undergoes  a  rapid  decomposition  after  death, 
and  in  beef  which  has  hung  for  some  time  the  amount  of  glycogen  is 
much  reduced.  In  hen's  muscle  30  to  60  minutes  after  death,  25-58  per 
cent,  of  the  glycogen  is  lost  and  rabbit's  muscle  in  4  hours  at  40°  may 
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lose  88.8  per  cent,  of  its  glycogen  (Boruttau) .  This  behavior  is  similar 
to  that  of  the  liver  and,  like  the  liver,  it  is  due  to  the  presence  in 
muscle  of  an  enzyme,  an  amylase  or  glycogenase,  v/hich  rapidly  converts 
glycogen  into  glucose  when  the  reaction  is  slightly  acid.  There  may  also 
be  found  some  iso-maltose  in  the  muscle  extract,  which  probably  also 
comes  from  glycogen,  but  there  can  be  no  doubt  that  most  of  the  sugar 
formed  from  the  glycogen  is  glucose. 

Quantity  of  Glycogen  in  Various  Doq's  Muscles,  Showing  the  Quantity  of 
Glycogen  in  Cokeesponding  Muscles  on  Opposite  Sides  of  the  Dog's  Bony, 
THE  Effect  op  Fasting  and  of  Age  (Maignon). 

Dog 
Very  old.     Fat. 

4  years  old.    Fat. 


3  years  old. 
1  year  old. 

1  year  old. 

Old  dog. 

4  years  old. 

Old  dog.    5  days  fasting. 
Old,  fat  dog.    14  days  fasting. 

2  years  old.    5  days  fasting. 


even  autolyzing  or  hashed  muscle  has  this  power  to  some  degree,  al- 
though it  is  soon  lost  after  death.  This  glycolytic  power,  as  it  is  called, 
it  is  needless  to  say  is  the  most  important  problem  in  the  metabolism 
of  the  carbohydrates  and  it  has  been  keenly  investigated  of  recent  years. 
We  will  leave  it  for  the  moment  to  consider  the  change  in  the  amount 
of  glycogen,  which  accompanies  muscular  contraction  and  work. 

Glycogen  is  much  reduced  when  muscles  do  work.  Thus  the  follow- 
ing results  were  obtained  when  dogs  were  anesthetized  with  ether,  mor- 
phine and  chloroform,  and  after  the  ligation  of  both  the  external  iliac 
arteries  and  compression  of  the  dorsal  aorta  the  crural  nerve  on  one 
side  was  stimulated  as  long  as  the  muscle  would  contract.    The  stimu- 
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lated  muscle  was  then  stimulated  directly  as  long  as  it  would  respond. 
The  two  corresponding  muscles  of  the  two  sides,  stimulated  and  un- 
stimulated, were  then  removed  and  their  glycogen  determined  by  the 
not  very  accurate  Briicke  process.  The  unstimulated  muscle  contained 
from  .532-.684  per  cent,  of  glycogen;  while  the  active  contained  0.116- 
0.194  per  cent.  Irritability  of  a  muscle  is  lost  long  before  its  glycogen 
is  exhausted.  On  a  less-extended  stimulation  there  was  found  in.  the 
unstimulated  0.716-0.560  per  cent,  and  in  the  stimulated  0.440-0.112  per 
cent.  On  the  other  hand,  division  of  a  motor  nerve  increases  the  glyco- 
gen content  of  that  muscle,  as  compared  with  the  corresponding  muscle 
of  which  the  nerve  has  been  left  intact.  In  frogs  the  increase 
may  be  20-30  per  cent,  of  the  original  amount ;  in  cats  and  rabbits  the 
change  is  not  so  marked.  Tetanus  of  frog's  legs  caused  a  diminution 
of  24-50  per  cent,  of  the  glycogen  of  the  stimulated,  as  compared  with 
the  unstimulated  side.  In  prolonged  stimulation  and  tetanus  by  strych- 
nine, glycogen  undergoes  a  great  diminution. 

From  the  foregoing  results  there  is  no  doubt  that  during  muscular 
work  there  is  a  great  diminution  in  the  glycogen  content  of  muscle. 
Glycogen  is  used  up,  presumably  converted  first  to  glucose  and  then 
oxidized.  The  energy  used  in  muscular  work  may  come,  therefore,  from 
this  combustion  of  the  glycogen.  The  question  arises  whether  this  is  the 
sole  source  of  the  energy.  Is  there  enough  glycogen  in  the  body  to  do 
the  whole  work  which  the  muscle  does?  This  question  is  very  difficult 
to  answer.  A  comparison  of  the  amount  of  energy  used  in  the  work 
done  with  the  amount  which  would  be  set  free  from  the  combustion  of 
the  glycogen  which  had  disappeared  during  the  working  period  has 
given  a  very  bad  agreement  between  the  two  values.  Seegen  found 
that  the  work  done  by  an  extirpated  muscle  represented  2-11  per  cent, 
of  the  energy  presumably  available  by  the  burning  of  the  glycogen. 
From  this  factor  he  calculated  that  there  was  not  enough  glycogen  in 
the  body  to  yield  the  energy  of  muscular  work,  but  Schenck  has  very 
justly  criticised  these  conclusions  because  the  muscle  was  working  under 
unfavorable  conditions,  because  in  the  body  glycogen  can  be  rapidly 
reformed,  and  because  there  was  no  proof  that  the  disappeared  glycogen 
had  actually  been  completely  burned.  There  is  no  doubt  from  the 
persistence  of  the  power  of  muscular  contraction  in  severe  diabetes, 
where  the  power  of  combustion  of  carbohydrates  has,  presumably,  been 
completely  lost,  that  certainly  muscle  has  the  power  of  burning  other 
foods,  fats  for  example,  as  a  source  of  its  energy. 

The  fasting  heart  holds  its  glycogen  longer  than  the  body  muscles, 
for  it  draws  on  the  voluntary  muscle  for  its  nourishment  during  starva- 
tion. The  heart  has  the  power  of  nourishing  itself  even  from  a  very 
greatly  impoverished  blood.    In  rabbits  after  six  days  of  fasting  the 
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muscles  still  contain  0.04-0.06  per  cent,  of  glycogen ;  cats  retain  0.05-0.07 
per  cent,  after  12-14  days  of  fasting ;  the  muscles  of  doves  after  2-8  days 
of  fasting  contain  from  0.07-0.32  per  cent.  The  most  surprising  result 
is  found  in  horse  muscle,  which  still  contains  from  0.98-2.43  per  cent, 
of  glycogen  after  9  days  of  fasting  (Aldehoff). 

The  glycogen  in  muscle,  like  that  in  the  liver,  is  under  the  control 
of  the  internal  secretions  of  the  body,  and  particularly  under  that  of 
the  supra-renal  gland.  The  observation  was  made  nearly  forty  years 
ago  that  if  cats  were  simply  tied  down  on  an  operating  board  they  showed 
after  half  an  hour  a  very  marked  glycosuria,  and  that  if  they  remained 
there  the  animals  died  after  36  hours,  with  a  great  fall  of  blood 
pressure  and  body  temperature.  The  muscles  of  these  animals  proved 
to  be  completely  free  from  carbohydrates  and  the  liver  lost  its  glycogen 
before  the  muscles.  This  disappearance  of  glycogen  is  probably  due  to 
the  discharge  of  adrenaline  from  the  supra-renal  glands  into  the  blood ; 
a  discharge  which  accompanies  emotions  such  as  anger  and  fear  and 
the  object  of  which  may  possibly  be  to  promote  the  liberation  of  the 
carbohydrate  so  that  it  may  be  in  a  condition  for  rapid  burning.  Thus 
the  chances  of  escape  of  an  animal  might  be  facilitated  (Cannon).  By 
causing  the  transformation  of  glycogen  into  glucose  there  are  put  at  the 
disposal  of  muscle  large  stores  of  fuel,  thus  making  possible  a  supreme 
effort.  In  this  case  the  skeletal  muscles  are  affected  by  nerve  impulses 
to  the  supra-renals,  these  nerve  impulses  acting,  as  it  were,  at  a  distance, 
that  is  indirectly  on  muscle.  The  impulses  impinging  on  the  supra-renal 
glands  cause  these  to  set  free  substances  which  profoundly  affect  the 
metabolism  of  the  muscle;  may  it  not  be  possible  that  the  effect  of  the 
nerve  impulse  to  the  muscle  itself  is  to  set  free  substances  which  cause 
the  contraction  of  muscle  ?  The  nerve  impulse  may  not  be  a  direct,  but 
an  indirect,  cause  of  the  contraction.  The  latent  period  may  have  this 
explanation.  The  muscles  have  much  less  glycogen  in  pancreatic  and 
phlorizin  diabetes,  but  it  does  not  completely  disappear.  Accompany- 
ing this  loss  of  glycogen  there  is  a  marked  weakening  of  muscular  pow- 
ers. Arsenic,  also,  causes  a  disappearance  of  muscle  glycogen  in  cats. 
As  adrenaline  causes  a  discharge  of  glycogen  from  muscles  so  there  may 
also  be  substances  which  cause  a  retardation  of  the  transformation  of 
glycogen  to  glucose,  and  it  is  not  impossible  that  certain  antipyretics, 
such  as  acetanilide  or  antipyrin,  may  have  some  such  action.  This  pos- 
sibility should  be  investigated. 

From  these  observations  it  appears  that  glycogen  is  contained  in 
muscle  in  considerable  quantities.  In  a  man's  body,  if  his  muscles  con- 
tain 0.3  per  cent,  of  glycogen  and  weigh  30  kilos,  there  would  be  roughly 
90-100  grams  of  glycogen.  This  is  partly  consumed  during  muscular 
work,  the  transformation  into  glucose  being  caused  by  an  enzyme  simi- 
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lar  to  the  glycogenase  of  the  liver.  The  glycogen  of  muscle  is  less 
affected  by  diet  than  that  of  the  liver,  but  still  it  is  affected  somewhat. 
In  starvation  it  diminishes,  and  on  carbohydrate  food  it  increases. 
After  death  it  disappears  with  greater  or  less  speed,  and  under  the 
influence  of  adrenaline  or  phlorizin  it  is  greatly  diminished.  We  have 
now  to  inquire  concerning  the  further  decomposition  of  the. glucose  set 
free  from  the  glycogen. 

The  glycolytic  power  of  muscle.  Most  of  the  sugar  which  is  burned 
in  the  body  is  burned  in  muscle.  It  is  a  veritable  conflagration  which 
is  there  going  on,  a  conflagration  which  warms,  animates  and  invigorates 
us,  but  a  conflagration  giving  a  light  too  subtile  to  be  seen.  What  is 
the  nature  of  this  conflagration,  of  this  wonderful  combustion  in  an 
aqueous  medium,  which  causes  heat  and  electricity  but  so  seldom  pro- 
duces light?  The  true  solution  of  this  problem  still  eludes  physiolo- 
gists. Do  the  sugar  molecules  burn  as  such,  or  are  they  first  torn  to 
pieces  by  chemical  union  with  some  catalytic  substance?  It  may  be 
imagined  that  they  unite  with  some  of  the  substances  in  living  matter 
and  when  the  union  is  made  the  sugar  molecule  is  no  longer  stable  but 
breaks  into  fragments.  When  a  piece  of  wood  burns  it  is  not  the  wood 
which  burns,  but  the  pieces  of  the  molecules  of  wood  which  have  been 
dissociated  by  the  heat  and  which  have  such  an  afHnity  for  oxygen  of  the 
air  that  they  inflame  spontaneously.  And  it  is  probably  so  in  muscle, 
also,  only  it  is  not  heat  which  fragments  the  sugar  molecule  in  muscle, 
but  a  substance  which  unites  with  the  sugar.  Protoplasm  is  itself  the 
torch. 

The  property  of  thus  fragmenting  the  sugar  molecule,  is  it  a  prop- 
erty of  the  living  protoplasm  only,  or  is  it  due  to  a  substance  which 
may  be  isolated  from  the  protoplasm  and  which  will  have  the  same 
properties  outside  the  cell  as  in  it?  Many  men  have  sought  for  such 
a  substance.  The  property  of  thus  fragmenting  the  sugar  molecule 
seems  to  be  a  property  of  living  muscle  only.  Dead  muscle  no  longer 
has  this  power.  It  is  true  that  ground  muscle  has,  also,  some  glyco- 
lytic power,  but  this  power  is  soon  lost;  it  inheres  only  in  fragments  of 
the  living  matter  itself;  it  is  never  very  great.  Extracts  of  muscle  do 
not  have  the  power  of  glycolysis.  It  is  impossible  to  say  whether  this 
power  is  due  to  some  substance  which  is  very  unstable  and  thus  hard 
to  isolate,  or  which  is  destroyed  by  the  action  of  other  ferments  such 
as  the  digestive  ferments  of  muscle,  or  whether  it  is  only  the  organized 
biogenic  molecules  which  have  the  power.  The  course  of  development 
of  the  science  in  the  past  leads  one  to  hope  that  the  isolation  of  this 
substance  will  ultimately  be  made,- but  if  it  is  made  it  will  be  one  of 
the  most  fundamental  discoveries  in  the  history  of  science,  for  every- 
thing indicates  that  this  fragmentation  of  the  foods  is  a  preliminary 
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to  their  whole  metabolism  and  not  alone  to  their  oxidation.  It  is  a 
problem  to  be  actively  prosecuted  by  every  means.  Lepine  and  the 
French  and  Belgian  physiological  chemists  with  characteristic  genius 
have  most  keenly  attacked  this  fundamental  problem.  They  have  found 
that  not  only  muscle  but  blood  and  other  tissues  have  the  power  of 
making  glucose  disappear,  but  they  have  not  shown  that  the  disappeared 
substance  has  been  oxidized  or  destroyed.  It  may  have  been  resynthe- 
sized  into  maltose  or  some  other  substance  having  a  lower  reducing 
power  than  glucose.  From  yeast  a  substance  has  been  isolated  which 
does  fragment  the  sugar  molecule  into  carbon  dioxide  and  alcohol. 
This  substance  is  zymase.  Possibly  a  similar  enzyme  fragmenting  the 
sugar  molecule  in  the  same  or  slightly  different  way  may  exist  in  muscle. 
Definite  staterhents  cannot  yet  be  made,  but  the  presence  of  small 
amounts  of  alcohol  in  muscle  tissue  is  held  by  some  to  be  significant. 

What,  then,  is  the  character  of  the  fragmentation  of  the  muscle 
sugar?  This  question  cannot  be  answered.  By  some  it  is  suggested 
that  the  glucose  is  fragmented  by  a  process  analogous  to  or  identical 
with  the  fermentation  by  yeast  into  alcohol  and  carbon  dioxide  and  that 
the  alcohol  is  then  oxidized  to  COj  and  HjO.  But,  while  small  amounts 
of  ethyl  alcohol  have  been  recovered  from  muscle  and  alcohol  is  readily 
burned  in  the  body,  it  is  not  probable  that  the  whole  metabolism  goes 
in  this  direction.  Lactic  and  succinic  acid  are  produced  during  mus- 
cular work  and  acetone  in  large  amounts  when  work  is  done  during 
fasting.  The  fact  that  muscle  has  the  power  of  methylating  many  sub- 
stances, such  as  glycoeyamine,  would  indicate  that  some  formaldehyde 
was  formed  during  the  process  of  fragmentation.  The  ready  synthesis 
of  imidazole  from  pyruvic  aldehyde  and  ammonia  according  to  the  reac- 
tion on  page  185  and  the  presence  of  considerable  amounts  of  histidine 
in  muscle  might  suggest  the  formation  of  pyruvic  aldehyde  as  an  inter- 
mediate substance.  Nothing  is  certainly  known  of  the  character  of  the 
first  products  of  the  fragmentation  of  the  sugar  molecule.  The  solution 
of  this  problem  is  of  the  highest  importance  for  understanding  muscu- 
lar contraction  and  for  the  treatment  of  diabetes  mellitus.  While  it  is 
generally  assumed  that  the  fragmentation  of  the  glucose  molecule  pre- 
cedes its  oxidation,  it  is  not  impossible  that  this  view  is  incorrect  and 
that  primarily  an  oxidation  to  an  osone  or  other  ketone  occurs  and  that 
this  compound  is  then  fragmented  by  some  constituent  of  the  muscle. 
These  partially  oxidized  sugar  molecules  would  probably  be  far  less 
stable  than  the  normal  molecule,  just  as  the  partially  oxidized  fatty 
acid  molecules  are  less  stable  than  the  saturated,  unoxidized  molecules. 
According  to  the  view  of  Hermann,  glucose  is  built  into  the  nitrogen- 
oontaining  complex  molecules  of  the  cell;  this  is  then  oxidized,  the  carbo- 
hydrate burned  and  the  inogen  molecules  so  called,  is  reconstituted,  tho 


620  PHYSIOLOGICAL   CllEMLSTRY 

nitrogen  part  being  retained  in  the  cell,  so  t^at  the  total  nitrogen 
excreted  is  not  increased. 

Lactic  acid.  Du  Bois-Eeymond  found  that  muscle  is  normally  alka- 
line in  reaction  to  litmus,  but  becomes  acid  when  it  works.  The  acidity 
is  very  slight  and  not  demonstrable  if  the  muscle  is  well  supplied  with 
oxygen  and  blood,  but  it  becomes  noticeable  if  the  circulation  is  inter- 
rupted and  the  muscle  stimulated.  The  acid  formed  is  in  part  the  dextro- 
rotary  lactic  acid,  or  sarco-lactic  acid,  CH3.CHOH.COOH.  It  is  still 
undecided  whether  lactic  acid  is  formed  exclusively  from  carbohydrate 
or  not,  but  the  best  evidence  is  that  most  of  it  is  derived  from  'glucose. 
It  is  usually  removed,  if  oxygen  is  present,  as  rapidly  as  it  is  formed.  It 
was  formerly  thought  to  be  oxidized,  but  Hill  thinks  it  is  resynthesized 
into  muscle  suBstance.  Any  accumulation  is  thus  prevented,  unless  the 
entrance  of  oxygen  is  restricted.  The  development  of  acidity  in  muscle 
can  be  made  very  strikingly  evident  by  an  experiment  devised  by 
Dreser.  If  acid  fuchsin  is  injected  under  the  skin  of  a  frog,  it  is  car- 
ried by  the  blood  all  over  the  body,  but  it  will  not  stain  the  tissues  and 
muscles  while  these  are  alkaline.  At  best  only  a  little  superficial  pink- 
ness  appears  in  parts  of  the  connective  tissue.  After  giving  time  for 
this  distribution,  the  blood  supply  of  both  legs  is  interrupted  by  ligating 
the  blood  vessels  and  the  sciatic  nerve  going  to  one  leg  is  tetanically 
stimulated  for  some  minutes.  If,  then,  the  skin  is  removed  from  the 
hind  legs,  it  will  be  found  that  the  muscle  which  has  been  stimulated 
is  intensely  red,  while  the  resting  leg  is  at  most  a  faint  pink.  If  the 
blood  supply  remains  intact,  stimulation  of  the  muscle  does  not  have 
this  effect,  for  the  acid  is  neutralized  and  removed  as  rapidly  as  it  is 
formed. 

The  acidity  of  muscle  may  also  be  shown  by  immersing  two  gas- 
trocnemius muscles  in  sodium  chlorate,  n/8  solution,  and  stimulating 
one.  Sodium  chlorate  in  neutral,  or  slightly  alkaline,  solutions  is  not 
toxic,  but  in  the  presence  of  only  a  little  acid  it  produces  rigor  of  the 
muscle.  The  tetanized  muscle  will  be  found  to  go  into  rigor  while  the 
other  remains  living. 

Various  mechanisms  exist  in  muscle  for  the  maintenance  of  its 
neutrality.  These  mechanisms  have  already  been  discussed  on  page  247. 
They  are  (1)  the  oxidation  of  the  acid  to  very  weak  acid,  such  as  COo, 
which  will  easily  escape  from  muscle  or  combine  with  the  amino  groups 
of  the  proteins.  (2)  The  neutralization  of  the  organic  or  mineral  acid 
produced  either  by  sodium  carbonate  or  sodium  phosphate.  By  this 
the  neutral  salt  of  the  strong  acid  is  formed  and  carbonic  and  NaIl2P04 
being  very  weak  acids  are  but  little  ionized;  (3)  there  is  a  deamidiza- 
tion  of  some  amino-acid  setting  free  ammonia  which  neutralizes  the  acid 
and  then  the  carbon  part  of  the  amino-acid  is  oxidized  to  CO2  and  H^O. 
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Every  acidosis  is  accompanied  by  a  larger  or  smaller  increase  in  ammonia. 
It.  is  reported  that  a  working  perfused  muscle  adds  a  little  ammonia  to 
the  perfused  blood.  This  is  probably  greater  when  the  respiration  is  in 
any  way  reduced.  (4)  It  is  possible  that  other  bases  may  be  formed 
also.  Muscle  has  the  power  of  forming  various  diamines  such  as 
putrescine.  These  are  formed  by  the  splitting  off  of  carboxyl  from 
the  amino-acid.  Such  bases  occur  in  muscle  and  they  may  be  formed 
in  small  quantities  as  part  of  the  neutrality  mechanism.  They  are  cer- 
tainly less  important,  however,  than  any  of  the  other  neutrality  factors 
mentioned.  (5)  Another  mechanism  which  might  have  some  importance 
is  the  conversion  of  creatine  to  creatinine.  The  latter  being  the  stronger 
base  has  much  greater  powers  of  neutralizing  acid  than  has  creatine. 
To  what  extent  creatine  thus  plays  a  part  in  regulating  the  acidity  of 
muscle  cannot  be  said.  If  it  does  play  any  considerable  part  in  this 
way,  it  would  be  an  interesting  example  of  how  the  balance  of  living 
matter  is  preserved  or,  as  Hering  puts  it,  how  the  need  produces  the 
satisfying  of  the  need;  of  how,  in  other  words,  living  matter  shows  its 
wonderful  powers  of  adaptation  to  circumstances.  The  acid  creates  the 
base  which  saturates  the  acid. 

Does  the  nucleus  play  a  part  in  contraction?  A  very  interesting  but 
entirely  unsolved  problem  is  the  possible  involvement  of  the  nucleus 
in  the  processes  of  contraction  and  energy  metabolism.  On  stimulation 
of  the  muscles  of  amphibia  it  is  said  that  there  is  a  fall  in  the  total 
purine  nitrogen  of  the  muscle  of  about  9-17  per  cent,  of  that  present 
at  the  start  (Scaffadi).  Burian  states  that  on  stimulation  the  hypoxan- 
thine  at  first  increases.  These  facts,  scanty  as  they  are,  indicate  the 
possibility  that  the  nuclei  are  not  the  passive  spectators  of  muscular  con- 
traction that  they  are  often  imagined  to  be.  Perhaps  they  actively  inter- 
vene. Histological  studies  of  the  great  cells  of  Necturus  might  throw 
light  on  this  problem. 

The  mechanism  of  the  contraction. — During  contraction  of  muscle 
carbohydrates  disappear,  heat  is  liberated,  carbon  dioxide  is  given  off 
and  lactic  acid  appears.  No  change  in  the  bodies  containing  nitrogen 
is  known  to  occur,  except  a  slight  increase  in  the  ammonia  and  the 
changes  in  the  purines  which  have  been  described.  Work  does  not 
increase  the  nitrogen  output  in  the  urine.  "We  may  now  ask  the  ques- 
tion: How  is  the  contraction  produced?  Like  all  the  other  fundamental 
questions  of  physiology,  this  question  cannot  be  completely  answered 
at  the  present  time.  Indeed,  we  can  do  but  little  more  than  conjecture. 
The  suggestions  which  have  been  made  are  the  following : 

The  machinery  or  contractile  engine  in  the  muscle  is  certainly  pro- 
tein in  nature  and  doiibly  refracting.  The  muscle  sarcostyles  consist 
of  R  very  dense  or  concentrated  gel  and  these  gel  particles  are  in  very 
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small  units,  so  that  their  surface  is  very  large  compared  to  the  bulk. 
Protein  gels  have  the  peculiarity  of  swelling  greatly  and  very  rapidiy 
iu  the  presence  of  acid.  It  has  been  suggested  that  the  gel  particles  in 
protoplasm  are  arranged  mechanically  in  very  fine  fibrils  and  that  a 
more  tiuid  gel  or  a  liquid,  the  sarcoplasm,  is  about  them.  When  the 
nerve  impulse  sweeps  over  the  muscle  it  causes  in  some  unknown  way 
the  combustion  of  the  carbohydrate,  which  in  part  at  least  is  probably 
built  into  the  machinery,  and  this  combustion  produces  acids  such  as 
lactic  acid  and  succinic  acid.  Heat  is  liberated  at  the  same  time. 
Under  the  influence  of  the  heat  and  the  acidity  these  gel  particles  at 
once  absorb  water  from  their  surroundings  and  swell.  Being  confined 
in  tubes,  or  the  molecules  being  oriented  in  a  certain  way,  as  in  a  crystal, 
the  swelling  does  not  take  place  uniformly  in  all  directions,  but  they 
broaden  and  shorten  in  length.  They  swell  in  a  direction  transverse 
to  the  long  axis  of  the  muscle  and  thus  cause  a  shortening  in  the  other 
direction.  This  produces  the  contraction.  But  almost  at  once  the 
lactic  acid  -is  burned  or  reeombined  and  the  carbon  dioxide  escapes  from 
the  muscle;  the  acidity  is  quickly  reduced;  the  affinity  of  the  con- 
tractile elements  for  water  returns  to  the  normal ;  and  water  passes  out 
of  the  sarcostyles,  which  thus  return  to  their  normal  size.  The  elastic 
properties  of  the  muscle,  which  Kite  has  described,  help  it  to  regain 
its  normal  condition.  On  this  view,  then,  the  essential  cause  of  the 
shortening  is  the  production  of  acid.  Everything  follows  as  a  result  of 
this.  Of  course,  the  heat  liberated  will  also  assist  in  the  process.  There 
are  various  additional  circumstances  which  may  be  urged  in  support 
of  this  view.  If  it  is  correct,  then  if  the  oxidation  or  removal  of  the 
lactic  acid  could  be  prevented  the  muscle  should  remain  permanently 
shortened.  Just  this  is  what  happens,  according  to  many  observers  in 
"  rigor  mortis."  Muscles  after  death  go  into  a  condition  of  extreme 
contracture  and  hardness.  They  become  rigid  and  this  rigor  persists 
for  some  time.  A  muscle  which  has  been  stimulated  for  some  time  just 
before  death  becomes  rigid  at  death  much  quicker  than  one  which  has 
been  at  rest.  Certain  poisons  of  the  picric  acid  group,  which  cause 
great  fever  in  mammals,  cause  rigor  to  appear  immediately  after  death. 
If  a  little  acid  is  added  to  a  fluid  which  is  being  perfused  through  muscle, 
its  rigor  comes  on  much  earlier  than  normal ;  whereas,  if  alkali  is  added, 
rigor  is  delayed  or  may  be  prevented  entirely.  The  beginning  of  rigor 
can  be  cheeked  or  entirely  prevented  by  alkaline  Ringer's  solution. 
Furthermore,  since  oxygen  in  the  presence  of  the  muscle  destroys  lactic 
acid  or  causes  it  to  reeombine,  oxygen  should  prevent  rigor,  and  such 
is  the  case.  If  muscles  are  placed  in  atmospheres  of  compressed  oxygen 
so  that  a  plentiful  supply  of  oxygen  is  present  all  the  time,  they  take 
much  longer  to  become  rigid  or  they  may  not  go  into  rigor  at  all.    On 
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the  other  hand,  the  muscles  of  frogs  placed  in  hydrogen  become  rigid 
unusually  soon.  All  of  these  facts  agree  with  the  hypothesis  that  acid 
is  the  direct  cause  of  the  muscle  contraction  and  that  in  contraction  we 
are  dealing  with  a  swelling  or  imbibition  phenomenon  of  protein  col- 
loids. Another  fact  which  points  in  the  same  direction  is  that  muscles 
placed  in  salt  solutions  containing  small  amounts  of  acid  ta.ke  up  more 
water  and  increase  in  weight  much  faster  than  if  the  muscle  is  in  a  neu- 
tral salt  solution. 

On  the  other  hand,  there  are  certain  objections  which  may  be  urged 
to  this  view.  The  first  objection  is  the  very  great  speed  of  the  con- 
traction and  relaxation  of  the  wing  muscles  of  insects.  These  may  con 
tract  (bees)  as  many  as  400  times  per  second.  It  has  seemed  to  manj 
physiologists  that  it  is  extremely  unlikely  that  any  such  rapid  imbibi- 
tion and  syneresis  could  occur.  They  have  suggested  as  an  alternative 
view  that  the  change  can  only  be  one  which  affects  the  surface  of  the 
fibril,  like  a  chapge  in  surface  tension,  so  that  the  change,  whatever  its 
nature,  need  not  penetrate  any  distance.  The  insurmountable  objection 
to  this  view,  or  at  least  it  seems  insurmountable  at  the  present  time,  is 
that  the  interior  of  the  muscle  where  these  changes  are  taking  place  is 
probably  not  a  liquid,  but  is  a  gel  and  elastic  and  tough.  (Perhaps  more 
of  the  nature  of  a  liquid  crystal.)  It  is  impossible  to  suppose  that  the 
phenomena  of.  rapid  change  of  form  under  the  influence  of  surface  ten- 
sion can  occur  in  such  a  solid  material  where  the  molecules  are  not  free 
to  move  readily.  It  is  only  in  mobile  liquids  that  surface  tension  changes 
of  form  can  occur.  The  objection  that  the  rapidity  of  the  process  is 
too  great  in  insect  wing  muscles  to  permit  of  this  explanation  may  be 
met  as  Hofmeister  met  it,  when  he  tried  his  first  experiments  in  this 
direction,  by  the  reply  that,  if  the  elements  are  small  enough,  the  imbi- 
bition can  take  place  very  rapidly.  The  velocity  is  a  function  of  the 
amount  of  surface.  Now  it  is  just  in  these  insect  muscles  that  the 
structure  of  the  muscle  has  reached  its  highest  perfection  and  the  sar- 
costyle  elements  are  extremely  small.  On  the  other  hand,  histological 
research  has  not  yet  been  able  to  demonstrate  clearly  and  in  a  convincing 
manner  that  the  necessary  machinery  really  exists  in  muscle  which  is 
required  by  this  explanation. 

Another  suggestion  was  made  by  Englemann,  who  laid  stress  on 
the  fact  that  double  refraction  and  contractility  go  together.  He  sug- 
gested that  the  muscle  fibrils  absorbed  water  because  of  the  heat  of  the 
combustion.  It  is  possible  to  make  an  artificial  muscle  by  taking  a  cat- 
gut string,  which  is  also  doubly  refracting,  passing  a  wire  about  it 
and  suspending  it  in  water  or  salt  solution.  If  a  current  is  sent  through 
the  wire  so  that  the  water  is  warmed  about  the  string,  it  at  once  takes 
np  water  and  contracts.    On  cooling  it  expands  again.    The  phenomena 
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of  the  contraction  resembled  in  many  particulars  that  of  muscle.  The 
difficulty  in  this  theory  in  the  minds  of  many  is  the  improbability  of 
the  differences  in  temperature  within  the  muscle  in  minute  dimensions 
being  sufficiently  great  to  account  for  the  whole  process,  but  undoubt- 
edly the  heat  of  the  contraction  does  facilitate  the  contraction.  There 
is  no  contradiction  between  this  view  and  that  of  imbibition  due  to  acid. 
Very  great  differences  in  temperature  within  minute  distances  may 
momentarily  occur,  since  temperature  is  only  molecular  kinetic  energy. 

It  seems  that  the  imbibition  theory  is  the  most  probable  theory  of 
muscle  contraction  which  we  have.  It  is  very  suggestive  that  the  myosin 
which  is  obtained  from  muscle  is  extremely  sensitive  to  very  minute 
amounts  of  acid.  Thus  one  of  the  best  solvents  of  it  is  ammonium 
chloride,  which  by  hydrolytic  dissociation  produces  small  amounts  of 
a-cid.  One  reason  why  this  explanation  of  muscle  contraction  is  satis- 
factory is  that  other  living  phenomena,  such  as  those  of  secretion,  may 
be  explained  in  the  same  manner.  In  secretion  we  have  also,  probably, 
a  rhythmical  imbibition  and  syneresis  on  the  part  of  the  secreting  cell, 
only  in  this  ease  the  cell  acts  as  a  whole  and  when  the  water  leaves  the 
protoplasmic  gel  it  leaves  it  in  a  different  direction  from  that  in  which 
it  entered  it.  There  is  thus  a  regular  pumping  of  water  through  the 
cell,  such  as  occurs,  for  example,  in  the  absorption  of  water  from  the 
intestine,  or  in  the  secretion  of  liquid  from  the  salivary  and  other  glands. 
In  this  case,  too,  acid  may  be  at  the  bottom  of  the  process.  One  could 
picture  the  process  of  secretion  as  follows :  Let  us  suppose  that  a  nerve 
impulse  first  impinges  on  the  base  of  the  cell  and  passes  through  it  to 
the  lumen  end.  As  it  passes  down  the  cell  it  causes  an  explosive  wave 
of  oxidation  by  which  acid  is  set  free.  This  acid  at  once  directly,  or 
indirectly,  increases  the  affinity  for  water  on  the  part  of  the  cell  colloids. 
The  protoplasm  at  the  base  of  the  cell  first  takes  the  water  from  the 
capillary  and  the  lymph  space  about  it.  It  swells.  The  oxidation  of 
the  acid  in  this  part  of  the  cell  causes  it  to  lose  its  affinity  for  water, 
but  the  next  succeeding  segment  of  the  cell  is  now  acid  and  has  a  great 
affinity  for  water  so  that  it  imbibes  that  which  is  lost  from  the  base.  The 
water  is  thus  handed  on  from  one  part  of  the  cell  to  the  next  until  it 
reaches  the  lumen  end  of  the  cell,  where  it  escapes  more  or  less  loaded 
with  soluble  substances  into  the  gland  lumen. 

Not  only  are  secretion  and  muscle  contraction  shown  to  be  identical 
in  principle  upon  this  hypothesis,  but  other  processes,  such  as  ciliary 
movement  and  even  amoeboid  movement,  can  be  explained  in  the  same 
way.  By  the  production  of  acid  at  some  point  in  the  interior  of  an 
amoeba  water  is  absorbed  here,  the  protoplasm  becomes  more  mobile  or 
fluid,  the  internal  or  osmotic  pressure  is  increased  and  the  firm  ectosare 
yielding  at  some  point  it  bursts  and  the  fluid  contents  stream  in  this 
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direction.  Thus  the  amoeba  actually  appears  to  flow  through  itself. 
There  are  facts  which  indicate  that  the  movements  are  not  due  to  sur- 
face tension,  as  they  were  once  supposed  to  be,  but  that  the  beginning 
of  the  process  is  in  the  interior.  And  if  in  a  cilium  either  in  the  basal 
granule  or  along  the  cilium  there  was  a  rhythmic  absorption  by  one  side 
of  the  granule  or  cilium  its  bending  might  be  understood.  There  is  no 
doubt  that  in  red  blood  corpuscles  the  slight  change  of  acidity  produced 
by  the  entrance  of  so  weak  an  acid  as  carbonic  acid  is  sufficient  to  cause 
the  corpuscle  to  swell.  On  losing  carbonic  acid  it  shrinks  again.  Per- 
haps the  sarcostyles  act  in  the  same  manner. 

But  while  so  many  facts  find  on  this  hypothesis  a  natural,  simple 
explanation,  so  far  without  serious  contradiction,  yet  experience  teaches 
us  to  be  cautious  and  the  theory  cannot  be  regarded  as  proved.  It  is 
not  proved  that  the  change  in  acidity  is  sufficient  to  account  for  the 
change  in  imbibition.  It  is  rather  at  present  to  be  looked  upon  as  a 
guiding  hypothesis  helping  us  to  see  and  experiment.  It  must  not  be 
forgotten  that  while  acids  do  much,  enzymes  do  more.  Hydrochloric 
acid  alone  will  cause  the  swelling  and  solution  of  fibrin,  but  hydro- 
chloric acid  plus  pepsin  causes  a  much  more  powerful  effect.  It  is,  hence, 
not  improbable  or  unlikely  that  if  the  theory  prove  true  in  its  essentials, 
namely,  that  the  contraction  is  of  the  nature  of  an  imbibition  of  liquid 
by  an  organized  protein  substance,  it  may  be  found  that  the  imbibition 
is  not  induced  directly  by  the  acid,  but  that  this  only  indirectly,  by  set- 
ting free  enzymes  which  may  cause  a  reversible  change  in  the  proteins, 
affects  the  imbibition.  Or  it  might  be  that  the  organized  living  matter 
itself  may  in  some  other  way  have  its  affinity  for  water  directly  changed. 
It  might  be,  for  example,  that  living  matter  itself  was  composed  of 
large  colloidal  aggregates,  or  biogens  which  were  really  the  irritable  sub- 
stances. These  biogens  may  be  considered  to  consist  of  protein,  oxygen, 
carbohydrate  and  possibly  lipin  material,  and  to  have  a  certain  affinity 
for  water  with  which, they  are  in  union.  On  stimulation  it  might 
happen  that  the  oxygen  combines  with  and  burns  the  carbohydrate,  and 
by  this  process  the  biogen  itself  at  once,  by  its  change  in  composition, 
might  acquire  a  greater  affinity  for  water  and  absorb  more  of  the  latter. 
The  biogen  molecule  at  once  reconstitutes  itself,  uniting  with  more  oxy- 
gen and  carbohydrate,  thus  changing  to  its  former  water-holding  power. 
The  irritable  complex  is  re-established  and  relaxation  occurs.  Accord- 
ing to  this  view,  the  essential  explanation  of  the  imbibition  as  the  cause 
of  the  contraction  remains  unaltered,  but  acid  no  longer  plays  the  part 
of  the  sole  or  chief  cause.  This  view  is  in  its  essentials  that  of  Hermann, 
who  proposed  it  many  years  ago ;  the  hypothetical  substance  here  called 
a  biogen  being  called  by  him  "  inogen."  By  the  former  hypothesis 
the  contractile  substance  is  in  the  nature  of  a  lifeless  protein  similar 
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to  SO  many  connective  tissue  fibrils  which  absorb  and  lose  water  under 
the  influence  of  acid;  by  the  latter  view  the  contractile  matter,  while 
still  colloidal  and  having  the  properties  of  colloids,  is  the  living 
matter  itself.  The  former  view  has  a  certain  naivet6  which  is  at 
the  same  time  its  charm  and  its  weakness.  In  it  the  toiling  spirit  of 
life  weaves  the  contractile  web,  remaining  itself  outside  of  and  unaf- 
fected by  the  fate  of  the  web;  while,  according  to  the  latter  view,  the 
web  is  itself  the  organized  living,  self-petpetuating  material  which  con- 
tracts because  of  its  physical  properties.  Ignorance  does  not  permit,  aa 
yet,  a  choice  between  these  divergent  views. 
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CHAPTER  XV. 

THE  CONNECTIVE,  OR  SUPPORTING,  TISSUES.    THE  BONES. 
CARTILAGE.     TEETH.     CONNECTIVE  TISSUE. 

The  chemistry  and  metabolism  of  the  supporting  tissues  of  the  body 
present  several  points  of  general  interest.  In  plants  thfese  tissues  are 
carbohydrate  in  nature.  In  the  invertebrates  the  harder  parts  of  the 
supporting  tissues  are  ehitin,  which  is  a  polymerized  acetylated  glu- 
cosamine and  the  composition  of  which  has  already  been  discussed  on 
page  325.  It  contains  deposited  in  it  large  amounts  of  calcium 
phosphate  and  carbonate,  thus  giving  it  its  rigidity.  In  the  verte- 
brates these  tissues  are  composed  of  an  organic  matrix  which  is 
always  of  a  protein  nature  and  in  it  is  often  deposited  more  or  less 
inorganic  material  of  the  nature  of  phosphates  and  carbonates  of 
calcium  and  magnesium.  The  connective  tissues  consist  of  both 
living  and  lifeless  matter.  These  tissues  are  true  tissues  consisting 
of  cells,  but  these  cells  have  formed  a  large  amount  of  intercellular, 
protein,  lifeless  matter  which  is  generally  of  a  fibrous  nature  and  always 
tough  and  resistant  to  most  reagents.  There  are  several  kinds  of  con- 
nective tissue  proper  and  we  may  distinguish  the  yellow  connective 
tissue,  which  occurs,  for  example,  in  the  ligamentum  nuchas  of  the  ox; 
white  connective  tissue,  of  which  the  tendon  of  Achilles  is  a  good  exam- 
ple; and  reticular  connective  tissue  found  in  lymphatic  glands  and  else- 
where in  the  body.  The  yellow  elastic  tissue  contains  elastic,  tough, 
yellowish  fibers.  It  occurs  not  only  in  the  tendons,  but  in  the  walls 
of  the  blood  vessels,  in  the  lungs  and  elsewhere  in  the  body.  It  consists 
largely  of  a  protein  called  elastin.  The  white  fibrous  tissue  is  also  found 
generally  throughout  the  body  in  the  connective  tissues  as  well  as  in 
the  tendons  of  muscle.  Bone  also  contains  fibers  of  white  tissue.  Bone 
is  indeed  connective  tissue  in  which  mineral  salts  have  been  deposited. 
The  character  of  the  cells,  and  of  course  the  character  of  the  ground- 
work in  which  the  fibers  are  embedded,  differ  .in  the  various  connective 
tissues.  Cartilage  is  closely  related  to  the  white  connective  tissues.  Our 
knowledge  of  the  composition  of  these  structures  is  largely  owing  to  the 
work  of  Gies  and  his  collaborators  in  this  country  and  to  Morner. 

I.  Composition  of  white  connective  tissue.  Tendo  Achill'<5. — 
The  tendo  Achillis  consists  chiefly  of  white  connective  tissue  and  its 
composition  is  given  by  Buerger  and  Gies  as  follows: 
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Composition  of  Tendo  Achilijs  op  the  Ox. 


ConBtituentB 


Water     

Solids   

Inorganic  matter 
SO. 


3 


CI    

Organic  matter   

Fat  (ether-sol.  matter)   

Albumin,  globin  

Mucoid  

Elastin  

Collagen   (gelatin)    

Extractives   and  undetermined 


Fresh  tissue 


Calf 


67.51'5 

32.49 

0.61 


31.88 


Ox 


62.8709^ 

37.130 
0.470 
0.031 
0.039 
0.147 

36.660 
1.040 
0.220 
1.283 
2.633 

31.588 
0.896 


Dry  tiseue 


Calf         Ox 


1.88 


98.12 


1.266 
0.084 
0.106 
0.397 

98.734 
2.801 
0.593 
3.455 
4.3 

85.074 
2.413 


Ash 


Ox 


6.05 

8.34 

31.37 


2.  Composition  of  yellow  connective  tissue.  Ligamentum  nuchae. 
— The  ligamentum  nuchae  of  the  ox  consists  for  the  most  part  of  yellow 
connective  tissue  and  its  composition  was  found  by  Vandegrift  and  Gies 
to  be  as  follows : 


Composition  of  Ligamentum  Nuch^  of 

THE  Ox.    In  Per  Cent. 

Fresh  ligament 

Dry  ligament 

Ash 

Calf 

Ox 

Calf 

Ox 

Ox 

Water                 

65.10 

34.90 

0.66 

57.570 

42.430 
0.470 
0.026 
0.035 
0.136 

41.960 
1.120 
0.616 
0.525 

31.670 
7.230 
0.799 

1.90 
98.10 

1.100 

0.062 

0.081 

0.31P 

98.900 

2.640 

1.452 

1.237 

74.641 

17.04C 

1.883 

Solids   

Tnoreranie   iiia,tter    

so 

">.84 

°"3     ■  ■, 

p  0                             

7.39 

^2^5     ■ 

CI 

28.95 

34.24 

nollaffPTi    ferplatin^                       

By  an  inspection  of  the  foregoing  tables  it  will  be  seen  that  the 
greater  part  of  the  dry  matter  of  the  tendons  consists  of  protein  material 
and  that  the  per  cent,  of  inorf^anic  matter  is  low.  The  dry  matter  in 
each  case  consists  of  from  1-3  per  opnt.  of  mucoid.  In  white  elastic  tissue 
85  per  cent,  of  the  dry  matter  consists  of  collagen  which  yields  gelatin 
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on  heating  with  water ;  in  the  yellow  elastic  tissue,  on  the  other  hand, 
there  is  only  some  17  per  cent,  of  collagen  in  the  dry  matter,  but 
the  greater  part  of  the  dry  matter,  namely  74.64  per  cent.,  consists  of 
elastin. 

The  composition  of  the  mucoid  from  the  tendons  has  already  boo;: 
discussed  on  page  324.  This  mucoid  is  obtained  by  cutting  the  tendon 
or  ligament  into  small  parts  and  then  boiling  with  half-saturatei! 
Ca(0H)2  and  precipitating  the  mucoid  by  acidification  with  acetic  acid. 
This  mucoid  differs  from  true  mucin  apparently  in  several  properties. 
It  does  not  form  the  very  stringy,  sticky  masses  characteristic  of  mucin ; 
it  is  less  soluble  in  0.1  per  cent.  HCl;  and  it  contains  about  twice  as 
much  sulphur.  The  per  cent,  of  sulphur  in  tendon  mucoid  is  about 
2.3  per  cent.,  whereas  in  submaxillary  mucin  it  is  a  little  less  than  1  per 
cent.  Moreover,  the  mucoid  of  tendon  contains  chondroitic  acid  which 
relates  it  to  the  constitution  of  cartilage.  Mucin  and  mucoid  resemble 
each  other  in  the  fact  that  both  yield  a  reducing  sugar,  either  glu- 
cosamine or  galactosamine,  on  hydrolysis.  Both  are  glycoproteins.  It 
would,  perhaps,  be  well  to  call  these  mucoids  chondroproteins,  as  Ham- 
marsten  does,  to  indicate  that  they  contain  a  conjugated  chondrr-'^ie 
acid.    This  acid  will  be  discussed  presently. 

The  composition  of  the  gelatin,  or  collagen  from  which  it  is  derived, 
has  already  been  given  in  the  table  on  page  129  and  on  page  110.  It  is 
remarkable,  first,  for  its  powers  of  gelatinization.  It  is  a  protein  which 
contains  a  very  large  amount  of  glycocoU  and  which  lacks  tyrosine  and 
tryptophane.  Collagen  yields  with  tannic  acid  an  insoluble  resistant 
substance,  which  does  not  putrefy  readily,  and  this  peculiarity  is  the 
basis  of  the  tanning  of  leather. 

Elastin  is  a  very  resistant,  elastic  protein,  of  which  the  composition 
is  given  on  page  129.  It  consists  of  at  least  25  per  cent,  of  glycocoU  and 
differs  from  collagen  in  the  very  much  larger  proportion  of  leucine  in 
it,  namely  21.38  per  cent.,  as  contrasted  with  2.1  per  cent.  The  three 
simple  amino-acids,  glycine,  alanine  and  leucine,  make  over  50  per  cent, 
of  the  molecule.  Elastin  is  easily  digested  by  pepsin.  It  contains  0.1- 
0.3  per  cent.  S,  but  none  which  is  split  off  by  alkali. 

Elastin  is  readily  prepared  from  the  ligamentum  nuchas;  It  is  first 
thoroughly  extracted  with  5  per  cent.  NaCl  under  thymol  for  3-4  days 
to  remove  albumins  and  globulins,  and  then  repeatedly  boiled  with  water 
to  convert  all  the  collagen  into  gelatin  and  remove  it,  so  that  the  filtrates 
give  only  a  very  slight  turbidity  with  tannic  acid.  The  undissolved 
residue  is  thoroughly  washed  with  water,  extracted  with  alcohol  and 
ether  and  dried  at  110°. 

Both  of  these  tissues  yielded  some  extractive  matter.  Creatine  anJ 
purines  were  recognized  qualitatively  in  the  extractives. 
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The  general  composition  of  several  connective  tissues  is  given  in  the 
following  table  compiled  by  Buerger  and  Gies: 


Constituents 


Fresh  tissue 
Water  . . . . 

Solids   

Organic  . . . 
Inorganic  . 

Dry  tissue 
Organic  . . . 
Inorganic  . 


Tendon 


Calf 


67.51 

31.88 

0.61 

32.49 

98.12 
1.88 


Ox 


62.87 

37.13 

36.66 

0.47 

98.71 
1.29 


Ligament 


Calf 


65.10 

34.90 

34.24 

0.66 

98.10 
1.90 


Ox 


57.57 

42.43 

41.96 

0.47 

98.90 
1.10 


Vitre- 
ous 
humor 


98.64 
1.36 
0.48 
0.88 

35.29 
64.71 


Costal 
carti- 
lage 


67.67 

32.33 

30.13 

2.20 

93.20 
6.80 


Bone 

with 
marrow 


Adipose 
tissue 
kidney 


50.00 
50.00 
28.15 
21.85 

56.30 
43.70 


4.30 
95.70 
95.51 

0.19 

99.80 
0.20 


II.  Composition  of  cartilage. — Cartilage  forms  the  internal  skele- 
ton of  the  lowest  or  cartilaginous  fishes  and  in  the  higher  forms  it  is 
generally  laid  down  first  and  is  later  changed  into  bony  tissue.  In  the 
cartilages  of  the  trachea,  and  in  particular  of  the  larynx,  it  never  under- 
goes transformation  to  bone,  but  remains  cartilage  throughout  life.  Car- 
tilage is  not  found  in  any  of  the  invertebrates,  except  in  the  cephalopods 
and  the  arthropods.  The  cartilage  of  these  forms  is,  however,  related 
to  chitin  rather  than  to  true  cartilage. 

Histology.  Cartilage  consists  of  cells  which  are  embedded  in  a 
homogeneous,  or  slightly  fibrous,  matrix.  This  matrix  has  in  it  some 
blood  vessels  for  the  nourishment  of  the  cells  and  channels  for  the  pene- 
tration of  food  materials  to  the  cells.  But  the  amount  of  blood  supply 
must  be  extremely  little  and  the  penetration  of  the  lymph  would  appear 
to  be  very  slight.  Most  of  the  food  materials  find  access  to  the  cells  pos- 
sibly by  soaking  through  the  intercellular  substance.  This  intercellular 
substance  is  secreted  or  formed  by  the  cartilage  cells.  The  cartilage  cells 
arise  from  the  mesodermal  layer  in  embryonic  development. 

Chemistry.  If  cartilage  is  cut  into  small  pieces  and  boiled  in  water 
for  a  long  time,  or,  better,  heated  in  water  under  pressure,  the  organic 
matrix  of  the  cartilage  slowly  dissolves  and  there  is  left  a  mass  of  cell 
bodies  and  connective  tissue  fibers  and  blood  vessels.  The  cell  bodies 
consist,  for  the  most  part,  of  coagulable  protein  so  that  they  are  resistant 
to  this  treatment.  By  a  careful  study  of  the  organic  matrix  Morner 
found  that  it  consisted,  or  rather  that  it  yielded  on  decomposition,  the 
following  substances : 

1.  Chondromucoid. 

2.  Collagen. 

3.  Albuminoid. 

4.  Chondroitic  acid. 

5.  Inorganic  salts. 

The  chondromucoid  is  in  all  essential  respects  like  that  isolated  by 
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Gies  and  Buerger  from  tendons  and  it  has  already  been  described. 
Chondromucoid  has  the  composition  C,  47.30;  H,  6.42;  N,  12.58;  S,  2.42; 
0,  31.28.  It  contains  sulphur  both  in  an  oxidized  and  an  unoxidized 
form.  A  part  is  split  off  as  sulphide  when  boiled  with  alkali,  a  part  as 
sulphate.  This  chondromucoid  yields  chondroitic  acid.  It  is  a  white, 
acid-reacting  substance  insoluble  in  water,  but  soluble  in  very  dilute 
alkali  and  precipitated  by  acetic  acid.  It  is  precipitated  by  iron  alum, 
lead  acetate  and  ferric  chloride,  but  it  is  not  precipitated  by  tannic  acid. 
It  gives  the  usual  reactions  of  the  proteins. 

2.  Chondroitic  acid,  or  cartilage  acid,  is  sometimes  called  chondroit- 
sulphuric  acid,  but  as  chondroitic  acid  is  shorter  and  was  the  name  first 
given,  it  should  be  adopted  and  the  awkward  name  of  chondroit-sulphuric 
acid  dropped.  This  acid  has  already  been  described  in  part.  It  will 
be  recalled  that  it  splits  on  hydrolysis  into  sulphuric  acid,  a  hexosamine 
(chondrosamine),  acetic  acid  and  glycuronic  acid.  It  is  a  paired  sul- 
phate. Some  of  it  is  apparently  free  in  the  cartilage  or  attached  through 
bases  to  the  protein,  since  it  may  be  extracted  easily  from  the  cartilage 
by  Morner's  method  by  extracting  with  alkali  and  removing  the  proteins 
by  neutralizing  and  precipitating  the  peptone  by  tannic  acid.  The  salts 
of  chondroitic  acid  are  nearly  all  soluble.  The  composition  of  chondroitic 
acid  is  not  yet  definitely  settled,  the  statements  in  the  literature  still 
being  somewhat  contradictory.  (Fraenkel,  Annal.  d.  Chem.  u.  Pharm., 
351.)  It  will  be  recalled  that  the  composition  of  this  acid  is  of  consid- 
erable interest,  since  the  presence  in  it  of  an  acetylated  hexosamine  allies 
it  at  once  with  chitin.  It  is  either  identical  with,  or  very  similar  to,  the 
glucothionic  acid  isolated  from  tendomucoid  by  Levene.  A  possible 
graphic  formula  is  given  on  page  325. 

3.  Albuminoid. 

Chondroalbuminoid  is  very  closely  similar  to,  but  not  identical  with, 
the  osseoalbuminoid  of  bones.  It  is  the  albuminous  substance  which 
remains  after  extraction  of  the  osseoalbuminoid  and  the  nucleoproteins, 
and  the  prolonged  treatment  of  the  cartilage  with  hot  water.  It  is  sol- 
uble in  boiling  0.1  per  cent.  KOH  and  also  in  boiling  5  per  cent.  KOH. 
By  the  former  it  is  hydrolyzed  into  various  derived  products.  This  sub- 
stance is  present  in  the  cartilage  in  very  small  amounts.  It  is  believed 
to  form  the  lining  of  the  tubules  in  the  cartilage  and  bones.  By  some 
authors  it  was  supposed  to  resemble  keratin,  but  it  is  more  closely  related 
to  elastin.  It  was  prepared  in  the  following  way,  according  to  Hawk 
and  Gies: 

The  cartilaginous  portions  of  the  nasal  septum  of  the  ox  were  used. 
Several  pounds  of  these  were  hashed  in  a  machine  after  removal  of  the 
outer  membranes;  the  hash  washed  in  running  water;  mucoid,  nucleo- 
proteins, etc.,  were  extracted  by  several  treatments  with  dilute  alkali 
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after  a  preliminary  treatment  with  0.1-0.2  per  cent.  HCl. ;  the  alkali 
washed  out  and  the  residue  hydrated  in  boiling  water  for  several  days. 
The  final  product  was  extracted  first  with  0.1  per  cent,  sodium  carbonate 
and  then  0.5  per  cent.  HCl  in  which  it  was  insoluble.  The  albuminoid 
remains  undissolved.  The  composition  of  this  substance  and  that 
derived  from  bone,  or  osseoalbuminoid,  was  as  follows : 

0        H        N        S       0 

Chondroalbuminoid     50.46     7.05     14.95     1.86     26.86 

Osseoalbuminoid    50.16     7.03     16.17     1.18    25.46 

The  greater  proportion  of  the  organic  matrix  of  the  cartilage  is  collagen, 
but  I  have  been  unable  to  find  any  quantitative  determination  of  the 
amount  present. 

III.  The  bones. — The  bones  also  consist  of  cells  and  intercellular 
substance,  but  as  in  cartilage  the  intercellular  substance  is  far  in  excess 
and  determines  the  character  of  the  tissue.  The  intercellular  substance 
is  formed  by  the  cellular.  It  consists  of  two  parts :  of  an  organic  basis 
of  an  albuminous  nature  in  which  a  great  amount  of  inorganic  matter  is 
deposited.  The  cells,  it  will  be  recalled,  have  to  be  nourished  and  the 
nourishment  is  arranged  for  by  a  series  of  channels,  the  cells  being 
grouped  in  concentric  rings  about  the  blood  vessels  and  having  fine 
branching  channels  penetrating  the  bone  in  all  directions. 

The  organic  intercellular  substance.  This  resembles  strongly  the 
organic  matrix  of  cartilage.  It  consists  of  osseomucoid,  the  composition 
of  which  has  just  been  given ;  and  of  osseoalbuminoid,  which  is  present  in 
only  small  amounts,  and  which  is  almost  identical  with  the  similar 
substance  in  cartilage  and  is  supposed  to  be  the  lining  of  the  Haversian 
canals.  The  greater  part  of  the  organic  matter  here  as  in  cartilage  and 
in  white  connective  tissue  is  collagen,  which  yields  gelatin  on  cooking 
with  water. 

The  bones  are  many  of  them  hollow  and  contain  marrow  in  their 
centers.  This  marrow  is  of  two  kinds,  being  in  part  yellow  in  color 
and  consisting  of  a  large  proportion  of  fat;  and  in  part  it  is  red  mar- 
row, the  red  color  being  due  to  the  presence  of  a  large  number  of  red 
corpuscles  in  the  erythroblasts. 

The  composition  of  the  osseomucoid  and  some  other  mucoids  is  given 
in  the  following  table  taken  from  Cutter  and  Gies : 

C  H        N        SO 

Chondromucoid   (MQrner)    '47.30  6.42  12.58  2.42    31.28. 

Tendomucoid  (Chittenden  and  Gies)   48.76  6  53  11.75  2.33     30.63 

Tendomueoid  (Cutter  and  Gies)    47.47  6.68  12.58  2.20     31.07 

Osseomucoid '(Hawk  and  Gies)    47.07  6.69  11.98  2.41     31.85 

The  composition  of  the  gelatin  from  bone  was  found  by  Fremy  to  be 
C,  50.0  per  cent. ;  H,  6.5  per  cent. ;  N,  17.5  per  cent. ;  0  and  S,  26.0  per 
cent.    The  following  table  is  given  by  Richards  and  Gies : 
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C  H         N  S  O 

Ligament  gelatin  (Richards  and  Gies)   . .     50.49  6.71  17.90  0.57  24.33 

Tendon  gelatin  (Van  Name)   50.11  6.56  17.81  0.26  25.24 

Commereial  gelatin  (Chittenden  and  Solly)     49.38  6.81  17.97  0.71  25.13 

The  inorganic  constituents  of  tone.  These  make  about  40  per  cent, 
of  the  dry  residue  of  the  bone,  60  per  cent,  being  organic.  In  bone  with- 
out the  marrow  the  relations  are  just  about  reversed.  The  inorganic 
material  is  chiefly  calcium  phosphate  and  carbonate,  but  there  is  & 
little  magnesium  and  there  is  also  present  a  trace  of  fluoride  and  chloride. 
The  composition  of  the  inorganic  materials  is  about  as  follows : 

Calcium  phosphate   85% 

Magnesim  phosphate 1.5 

Calcium  fluoride   0.3 

Calcium  chloride  -. 0.2 

Calcium  carbonate    10.0 

Alkali  salts    2 

Hoppe-Seyler  pointed  out  that  the  relation  of  Ca  to  phosphoric  acid  is 
about  the  same  as  in  apatite,  namely,  10  Ca :  6PO4.  There  are  about 
three  molecules  of  tricalcium  phosphate  to  one  molecule  calcium  car- 
bonate. The  relationships  remain  the  same,  although  the  bone  may  be 
gaining  or  losing  its  inorganic  compounds. 

Practically  nothing  is  known  concerning  the  nature  of  the  processes 
by  which  the  salts  are  deposited  in  the  organic  basis  of  bone.  It  seems  not 
impossible  that  the  conditions  are  such  as  to  cause  the  precipitation  of 
this  double  phosphate  and  carbonate  here, — or  else  that  either  the  phos- 
phoric acid  or  the  calcium  is  united  by  one  bond  to  the  organic  matrix, 
while  with  the  other  they  unite  with  phosphoric  acid  or  calcium  brought 
from  the  blood  so  as  to  precipitate  and  so  hold  it.  The  attempt  has  been 
made  to  explain  the  deposition  on  the  basis  of  an  adsorption,  but  the 
relations  are  so  regular,  quantitatively,  that  it  seems  perhaps  as  probable 
that  the  union  is  a  true  chemical  union.  It  is  possible  that  the  deposi- 
tion of  calcium  phosphate  and  carbonate  in  bone  is  due  to  ammonia 
liberated  in  that  tissue.  If  this  is  the  ease  the  deposition  of  these  salts 
would  appear  to  be  due  to  the  same  processes  as  are  responsible  for  their 
deposition  in  the  sea,  geologically.  In  the  lowest  forms  of  life  and  in 
plants  the  skeletal  hard  parts  are  generally  calcium  silicates ;  above  these 
in  the  invertebrates,  both  in  shells  and  internal  skeleton,  we  have  mainly 
carbonate  with  a  little  phosphate;  in  the  higher  forms  we  have  princi- 
pally phosphate  and  only  a  portion  of  carbonate.  These  salts  are  in 
equilibrium  with  the  calcium  carbonate  and  phosphate  of  the  blood.  Too 
small  an  intake  of  calcium  or  an  acidosis  leads  to  the  impoverish- 
ment of  the  liquids  of  their  calcium  and  the  salts  are  redissolved 
from  the  bones.  The  bones  are  not  dead,  inert  structures,  but 
living  plastic  material  which  is  moulded  by  its  position,  stresses  and 
environment. 
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The  growth  of  the  hones  is  in  some  way  dependent  upon  the  internal 
secretion  of  hoth  the  thyroids  and  the  hypophysis.  In  case  the  hypophy- 
sis is  extirpated  in  puppies,  the  bones  do  not  grow  normally,  they  remain 
in  the  state  of  youth  and  the  epiphyses  remain  open.  Normal  growth 
of  the  bone  is  absent  if  the  thyroids  do  not  develop  properly.  The  bones 
are  also  closely  related  to  the  reproductive  organs.  Castration  of  young 
animals  nearly  always  causes  the  production  of  large-boned  animals; 
and  in  osteomalacia  of  women  it  is  not  uncommon  to  remove  the  ovaries, 
the  condition  of  the  bones  changing  at  that  time.  Changes  occur  in  the 
bones  and  teeth  in  pregnancy.  In  fact,  the  bones  are  by  no  means  a 
fixed  tissue.  They  are  alive  with  their  own  metabolism  and  the  calcium 
may  be  laid  down  or  again  removed.  "We  cannot  for  lack  of  time  enter 
here  into  the  work  which  has  been  done  on  the  pathological  changes 
which  occur  in  bones  and  the  attempts  which  have  been  made  to  produce 
rickets  or  other  bone  diseases  artificially.  That  the  proper  formation 
of  both  bones  and  teeth  is  dependent  on  a  proper  supply  of  calcium  in 
the  diet  is  perhaps  self-evident.  How  largely  the  composition  of  the 
bones  may  be  affected  by  a  change  in  the  amount  of  calcium  in  the  diet 
is  shown  in  the  following  figures  from  Rohloff : 

In  growing  dogs  fed  one  on  calcium  rich,  the  other  on  calcium  poor 
food,  the  composition  of  the  shoulder  blade  was  as  follows,  the  amounts 
is  shown  in  the  following  figures  from  Rohloff : 

Diet  Dry  substauce  Ash  CaO         PhoBphoric  acid 

Ca  poor.     Shoulder  blade    2.678  1.178  0.638  0.499 

Ca  rich.  "  "        9.021  5.240  2.861  2.211 

Similar  and  more  extensive  figures  are  given  by  Aron  and  Sebauer. 
Teeth. — Teeth  are  composed  of  several  parts:  namely,  enamel,  den- 
tine and  cement.  The  cement  is  identical  with  bone  in  its  structure 
and  composition.  The  dentine  makes  the  greater  part  of  the  tooth  and 
in  its  chemical  composition  is  practically  identical  with  bone,  although 
its  structure  is  somewhat  different.  The  enamel,  however,  is  the  product 
of  an  epithelial  tissue.  It  is  the  hardest  substance  in  the  body  and  con- 
tains the  smallest  per  cent,  of  water.  It  contains  about  5  per  cent,  of 
water.  The  composition  of  the  enamel  of  human  and  calves'  teeth  is 
as  follows  (Bertz) : 

Human  Calf 

Organic  substance   6.82  16.56 

CaO  50.22  44.24 

MgO    0.73  0.96 

P  O     40.69  37.02 

2     5 

91  per  cent,  consists,  therefore,  of  calcium  phosphate.  It  is  extraordi- 
nary to  what  widely  different  uses  this  interesting  and  common  mate- 
rial, calcium  phosphate,  is  put  in  the  body.  Here  we  find  it  called  on 
to  make  the  hardest  and  most  resistant  structure  of  the  body,  while  it 
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was  but  a  short  time  ago  that  we  found  it  assisting  in  the  coagulation  of 
the  blood  and  in  activating  the  enzymes,  invertin  and  trypsinogen. 
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CHAPTER  XVI. 

THE  CRYPTORRHETIC  TISSUES.  THE  THYROID.  PARATHY- 
ROID. SUPRA-RENAL.  HYPOPHYSIS.  REPRODUCTIVE 
GLANDS. 

The  cryptorrhetic  tissues  and  organs. — There  are  quite  a  number  of 
organs  in  the  body  which  do  not  play  a  part  in  movement  and,  while 
they  are  more  or  less  glandular  in  nature,  they  either  have  no  ducts  for 
the  discharge  of  their  secretions  to  the  exterior  or,  if  they  have  such 
ducts,  there  is  abundant  evidence  that  they  form  a  hidden  secretion 
which  is  passed  back  to  the  blood.  Of  course  all  organs  form  such 
substances  which  come  back  to  the  blood,  but  in  the  cryptorrhetic  organs 
there  are  reasons  for  thinking  that  the  formation  of  such  substances  is 
their  main  function.  They  are  sometimes  called  glands  of  internal 
secretion  or  endocrine  glands  (G.  endon,  within;  krino,  separate).  I 
have  given  them  the  name  "  Cryptorrhetic  organs,"  from  two  Greek 
words — kryptos,  concealed ;  and  rhoia,  flow.  They  are  the  tissues  of  hid- 
den flowing.  Among  these  organs  the  thyroid,  parathyroids,  ovaries  and 
testes,  pancreas,  hypophysis  and  supra-renals  are  the  most  important. 

THE   HYPOPHYSIS. 

Among  the  organs  more  particularly  designated  as  those  of  internal 
secretion,  the  hypophysis  is  certainly  among  the  most  interesting  and 
important. 

Structure. — In  human  beings  this  organ  is  about  as  large  as  a  pea, 
lying  at  the  base  of  the  brain  with  the  optic  chiasma  just  in  front 
of  it.  The  hypophysis  cerebri  (G.  hypo,  below)  is  also  often  designated 
as  the  pituitary  body.  It  is  connected  with  the  third  ventricle  of  the 
brain  in  the  thalamus  by  a  narrow  stalk  called  the  infundibulum,  which 
is  continuous  with  the  epithelium  lining  the  ventricles.  The  hypophysis 
proper  is  easily  separated  into  three  main  parts:  an  anterior  lobe,  com- 
posed of  glandular  tissue  and  which  is  the  larger  part ;  a  posterior  lobe, 
composed  of  nervous  tissue,  and  a  pars  intermedia, .  which  resembles 
the  infundibulum  ( ?).  These  different  parts  have  quite  different  struc- 
tures, compositions  and  functions. 

Anteriorly,  the  hypophysis  is  closely  adherent  to  the  tuber  cinereum 
of  the  brain,  and  its  separation  from  this  in  operations  is  a  matter  of 
great  difficulty.  This  fact  greatly  complicates  operations  on  the  hypophy- 
sis, since  any  injury  to  this  part  of  the  brain  is  very  serious. 
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By  means  of  the  infundibuluiii  the  organ  is  in  direct  connection  with 
the  brain  ventricles,  its  secretions,  if  any,  may  be  discharged  into  them, 
jjid  when  cut  the  ventricular  fluid  may  escape  from  it.  The  hypophysis 
is  thus  essentially  a  downgrowth  from  the  central  nervous  system  toward 
the  palate. 

Situated  as  it  is  in  the  oldest  part  of  the  nervous  system,  it  is  not 
surprising  that  this  organ,  both  phylogenetically  and  embryologically, 


\^Bypy. 


Fia.  57. — Under  surface  of  the  dog's  brain  showing  the  hypophysis,  Hm-  V.,  Jus( 
behind  the  optic  cbiasma  (Aschner). 

is  found  to  be  very  old.  It  is  found  in  all  the  vertebrates  without  excep- 
tion, except  possibly  in  amphioxus,  in  which  indeed  the  glandula  sub- 
neuralis  is  supposed  by  some  to  be  homologous  with  it.  Even  in  the 
invertebrates  a  somewhat  similar  tissue  has  been  described  in  worms. 
moUusks,  and  even  in  Echinoderms,  although  whether  this  tissue  is 
homologous  in  nature  and  analogous  in  function  is  quite  unknown. 

Embryologically  the  organ  is  derived  in  part  (posterior  lobe)  from 
the  nervous  system  by  a  downgrowth  of  the  floor  of  the  third  ventricle, 
and  in  part  from  the  alimentary  canal  (anterior  lobe)  by  a  proliferation 
of  cells  from  the  dorsal  side  of  the  buccal  cavity.  It  arises  very  early 
in  embryological  history.  From  all  these  facts  it  is  evident  that  we  have 
to  do  with  a  very  old  organ  and  one  probably  correlated  with  the  most 
fundamental  processes  of  the  body. 

The  phylogenetic  explanation  of  this  organ  generally  accepted  is 
that  formerly  the  neural  canal  connected  at  this  point  with  the  alimen- 
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tary  eanal.  A  probable  and  almost  the  only  explanation,  of  this,  though 
an  explanation  almost  universally  rejected  by  zoologists,  is  that  of  Gas- 
kell,  who  has  maintained  that  the  vertebrate  alimentary  eanal  is  a  new 
structure,  and  that  the  old  invertebrate  alimentary  eanal  is  the  present 
neural  canal.  The  infundibulum,  on  this  view,  would  correspond  to  the 
old  invertebrate  oesophagus,  the  ventricle  of  the  thalamus  to  the  inverte- 
brate stomach,  and  the  canal  originally  connected  posteriorly  with  the 
anus.  The  anterior  lobe  of  the  pituitary  body  could  then  correspond  to 
some  glandular  adjunct  of  the  invertebrate  eanal,  and  the  nervous  part 
to  a  portion  of  the  original  eircumcesophageal  nervous  ring  of  the  inverte- 
brates. 

The  hypophysis  has  always,  even  from  the  time  of  Aristotle,  attracted 
attention  and  many  guesses  were  early  made  as  to  its  nature,  some  of 
them  very  near  the  truth.  Thus  its  connection  with  the  third  ventricle 
led  Diemerbroeck  in  1686  to  the  conclusion  that  it  made  a  secretion 
which  was  poured  into  the  third  ventricle,  a  view  on  the  whole  sub- 
stantiated by  modern  work ;  another  view  was  that  it  was  the  source  of 
the  cerebro-spinal  fluid ;  another  that  it  secreted  the  cerebro-spinal  fluid 
into  the  blood.  Engel  called  attention  in  1839  to  the  pathological  cor- 
relations between  the  hypophysis,  pineal  gland  and  the  thyroid  and  to 
the  commonness  of  pathological  changes  in  the  sexual  glands  when  these 
glands  were  diseased.  He  called  the  hypophysis  a  secreting  gland.  The 
American-French  physiologist,  Brown-Sequard,  in  1869  definitely  placed 
it  among  the  organs  of  internal  secretion  analogous  to  the  thyroid.  This 
he  did  because  of  its  structural  resemblance  (presence  of  colloid)  to  the 
thyroid,  a  resemblance  now  known  to  be  physiological  as  well  as 
anatomical. 

The  modern  view  of  the  function  of  the  pituitary  dates  mainly,  how- 
ever, from  the  work  of  Pierre  Marie  and  Marie  and  Marinesco  in  1886- 
1889.  Marie,  studying  the  disease  known  as  acromegaly,  a  form  of 
gigantism  of  the  extremities  (6r.  akron,  extremity;  megas,  large),  called 
attention  to  the  invariably  pathological  state  of  the  hypophysis  in  this 
disease  and  in  true  gigantism,  and  concluded  that  the  abnormal  hypophy- 
sis was  the  primary  cause  of  the  growth  changes  involved  in  acromegaly. 
A  very  large  amount  of  work  has  since  then  been  done  by  pathologists 
which  has  confirmed  Marie's  findings;  though  opinions  are  not  unani- 
mous whether  the  connection  between  the  glands  and  the  bones  and  other 
growing  tissues  is  direct,  or  indirect  through  its  influence  on  the 
thyroids,  thymus  and  sexual  organs.  Pathologists  have  also  shown  that 
in  several  true  dwarfs  the  gland  is  rudimentary  or  almost  lacking.  The 
relation  to  the  sexual  organs  is  very  close.  Thus  during  pregnancy  the 
hypophysis  undergoes  a  characteristic  metamorphosis,  in  common  with 
the  thyroid  and  some  other  organs. 
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The  pathological  correlation  between  the  hypophysis  and  disturb- 
ances of  growth,  and  in  the  sexual  organs  {dysplasia  adiposo  genitalis) 
in  the  deposition  of  fat,  many  years  ago  led  to  the  inference  that  the 
hypophysis  was  concerned  in  the  regulation  of  the  growth  and 
metabolism  of  the  body,  but  it  was  impossible  to  say  whether  it  inter- 
vened through  the  nervous  system,  or  directly  by  an  internal  secretion. 
The  general  conclusion  was  the  latter  and  that  it  was  the  anterior  lobe 
which  particularly  intervened  in  growth.  The  exact  function  of  the 
organ  could  only  be  determined  by  experiment. 

Such  experiments  were  early  undertaken,  but,  owing  to  the  great 
difficulties  of  operating,  the  evidence  obtained  has  been,  until  very 
recently,  contradictory  and  confusing.  The  experimental  difficulties 
arise  from  the  inaccessibility  of  the  organ;  from  the  great  difficulty  of 
freeing  the  gland  from  the  brain  without  injury  to  the  tuber  cinereum 
and  surrounding  parts,  since  a  very  slight  injury  here  may  be  fatal; 
to  the  contraction  of  scar  tissue  putting  tension  on  these  parts  which  may 
result  in  killing  the  animal  after  several  months ;  in  part  to  the  danger 
of  too  great  loss  of  spinal  fluid  and  fatal  results  from  opening  the  third 
ventricle;  and  in  part  also  to  the  danger  of  infection.  The  resistance 
to  infection,  particularly  to  skin  infections,  is  said  to  be  somewhat  re- 
duced and  animals  not  infrequently  die  from  these  infections  or  from 
pneumonia. 

Many  of  the  symptoms  which  were  obtained  in  the  early  experiments 
were  undoubtedly  due  to  injury  to  the  brain,  rather  than  to  absence 
of  the  hypophysis.  In  nearly  all  of  the  early  experiments  extirpation  of 
the  organ  was  followed  by  the  death  of  the  animal  within  two  to  three 
days  or  weeks ;  and  death  was  accompanied  by  pronounced  nervous  symp- 
toms: cramps,  coma,  etc.  A  few  animals  lived  without  any  apparent 
change  for  several  months;  but  in  these  instances  it  was  impossible  to 
know  whether  the  survival  was  due  to  some  tissue  being  left  in.  Thus 
in  Vasale  and  Sacchi's  experiments  the  gland  was  destroyed  either  by 
thermocautery  or  acid.  The  animals,  cats  or  dogs,  always  died  in  a 
few  days,  or  hours,  showing  psychic  depression,  apathy,  motor  disturb- 
ances, fall  in  body  temperature,  polyuria,  cramps,  polydipsia,  anorexia 
and  loss  of  weight.  Paulesco  and  Horsley  got  practically  the  same 
results.  These  symptoms  are  now  known  to  be  due  to  injury  to  the 
l)rain  tissue,  not  to  the  hypophysis.  On  the  other  hand,  Kreidel  and 
Biedel  in  1898  and  Friedman  and  Mass  conclude  that  animals  can  live 
a  long  time  without  an  hypophysis.  The  American  surgeon,  Gushing, 
was  one  of  the  first  to  prove  that  definite  metabolic  changes  occur  after 
the  partial  extirpation  of  the  anterior  lobe  of  the  hypophysis  in  dogs, 
particularly  in  young  dogs.  There  was  a  great  increase  in  fat 
in  the  body  everywhere,  fatty  degenerations  of  the  internal  organs, 
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and,  most  instructive,  in  young  animals  there  was  a  persistence 
of  the  thymus  and  a  rudimentary  condition  of  the  sexual  organs, 
a  persistent  infantilism.  These  results  of  Gushing 's  have  been 
confirmed  by  a  very  careful  recent  study  of  Aschner,  who  has  so 
perfected  the  method  that  most  of  his  animals  survive  for  long 
periods.  His  results  are  briefly  as  follows  and  they  are  illustrated  in 
Figure  58. 

Aschner  found  that  in  adult  dogs  extirpation  of  the  gland  was  not 
followed  by  any  marked  disturbances  of  health.  The  genital  glands 
showed  more  fat  than  normal  {dysplasia  adiposo  genitalis)  ;  there  was 
a  decided  tendency  to  fatness;  the  vital  resistance  was  reduced.  Most 
animals  died  of  pneumonia  or  buccal  infections.  There  was  no  marked 
atrophy  of  the  sexual  organs,  such  as  Gushing  described  in  his  dogs. 
If  the  hypophysis  was  extirpated  during  pregnancy,  abortion  always  fol- 
lowed after  2-3  days.  The  only  marked  change  noticed  in  metabolism 
was  a  decrease  in  the  nitrogen  excreted  per  kilogram  body  weight  on 
the  third  to  fifth  day  of  fasting  as  compared  with  the  normal  animal, 
and  a  marked  change  in  the  reaction  to  adrenaline.  The  whole  sympa- 
thetic nervous  system  seemed  depressed.  There  was  no  diuresis,  very 
little  glycosuria  and  no  mydriasis  or  other  reaction  to  adrenaline,  such  as 
occurs  in  normal  dogs.  This  is  illustrated  in  the  following  experiment 
which  is  taken  from  Aschner's  work.  There  was  always  a  decrease  in 
oxygen  consumed  per  hour.  Normal  dogs  of  4-5  kilos  on  the  third  or 
fourth  fasting  day  give  off  0.4-0.45  gram  of  nitrogen  per  kilo  per  24 
hours;  whereas  dogs  with  the  hypophysis  out  excreted  only  0.22-0.27 
gram  per  kilo,  a  reduction  of  fully  one-third  in  the  nitrogen  metabolism. 
The  amount  of  sugar  excreted  after  the  injection  of  2-3  c.c.  of  adrenaline 
subcutaneously  in  a  dog  of  4-6  kilos  on  the  third  or  fourth  hunger  day 
is  about  3  grams  per  day ;  whereas  after  hypophysis  extirpation  adrena- 
line caused  only  traces  of  sugar  to  appear  in  the  urine.  The  following 
experiment  illustrates  this: 


N 

in  S4  liours 

Hours  of 
hunger 

Wt. 

Temp. 

Urine— 
amount 

Dextrose 

Total 

Hourly 

In  ^rms. 
per  kilo 

1st  period 

15 

5.5 

39.6° 

127  C.C. 

2.891 

0.193 

2d      " 

10 

.  .   . 

98 

1.336 

0.134 

■  •  •  • 

3d       " 

23.5 

5.45 

38.7 

116 

2.482 

0.106 

4th    " 

24.5 

5.3 

38.9 

92 

1.888 

0.080 

6.362 

5th    " 

24* 

5.25 

38.5 

63 

1.953 

0.081 

0.372 

6th    " 

14 

121 

1.126 

0.080 

0.364 

3.184 

7th    " 

9 

5.3 

39.7 

55 

0.620 

0.069 

0.312 

0.196 

*  At  end  inject  4  c.c.  adrenaline. 
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5  days  later  extirpated  the  hypophysis.    Observations  begin  9  days  after  extirpation. 


Hours  of 
hunger 

Wt. 

Temp. 

Urine— 
amount 

N  in  24  hours 

Total 

Hourly 

Ingrms. 
per  kilo. 

1st  period 
2d      " 
3d      " 
4th    " 
5th    " 
6th    " 
7th    " 

14 
9 
25 
24 
23» 
14 
13 

5.4 

5.3 

5.25 

5.1 

5.0 

39.1 

38.7 
38.9 
38.5 

39.'7 

106 
64 
88 
84 
57 
65 
60 

2.017 
0.964 
1.722 
1.114 
1.018 
0.678 
0.568 

0.144 
0.107 
0.069 
0.047 
0.044 
0.048 
0.044 

6.2l'4 
0.208 
0.232 
0.210 

Traces 
It 

*  4  c.c.  adrenaline  at  end. 

The  temperature  of  the  dogs  was  always  about  one  degree  lower  than 
the  normal.  The  longest  period  the  dogs  were  kept  alive  was  16 
months. 

The  most  interesting  changes  were  in  young  animals.    If  the  anterior 
lobe  alone,  or  the  whole  organ,  is  extirpated  in  young  dogs  from  6-10 


Fio.  58. — Two  dogs  of  the  same  litter  about  ten  months  old,  the  smaller  having  bad 
the  hypophysis  extirpated  eight  months  earlier  (Aschner). 


weeks  old,  a  remarkable  cessation  Of  growth  takes  place,  as  shown  in 
Figure  58,  which  represents  two  dogs  from  the  same  litter,  the  smaller 
one  having  no  hypophysis.  The  dogs  do  not  grow  except  in  fat;  they 
keep  their  puppy  hair  and  milk  teeth,  although  a  second  set  develops  very 
late;  the  genital  organs,  testes,  ovaries,  uteri,  prostates,  etc.,  remain  in 
the  infantile  condition  or  in  a  condition  many  months  behind  the  normal. 
See  Figure  59.  The  thymus  persists  much  longer ;  the  intelligence  also 
remaiM  subnormal.    Toward  adrenaline  they  show  diminished  power  of 
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response.  If  the  operation  takes  place  after  10  weeks  of  age,  the  re- 
tardation of  growth  is  still  marked,  but  not  so  extraordinary  as  when 
performed  on  younger  dogs. 

It  seems,  therefore,  from  Gushing 's  and  Aschner's  experiments  and 
the  pathological  evidence,  that  the  hypophysis,  like  the  thyroid,  is  nec- 


Fio.  59. — Section  of  the  testis  of  normal  dog  at  ten  montlis  of  age.  Notice  the 
numerous  sperm   (Aschner). 

essary  for  the  growth  and  development  of  animals.  The  body  weight,  the 
development  of  the  sexual  organs,  bones,  etc.,  may  be  called  secondary 
characters  of  the  anterior  lobe  of  the  hypophysis. 

The  experiments  of  feeding  or  injecting  extracts,  or  preparations, 
of  the  anterior  lobe  of  the  gland  (Pituitrinum  glandulse)  confirm  these 
results.  Schaefer  has  obtained  a  slight  increase  of  growth  by  feeding 
such  tablets  to  normal  puppies ;  Magnus  Levy  and  Solomon  reported  an 
increased  gas  exchange  after  taking  hypophysis  tablets ;  Falta  found  that 
an  injection  of  the  extract  caused  an  increase  of  protein  decomposition 
and  a  greatly  increased  glycosuria  and  increase  of  other  reactions  fol- 
lowing adrenaline. 

We  may  sum  up  the  facts  just  presented  as  follows:  In  the  absence 
of  the  anterior  lobe  in  young  animals  growth  is  checked,  an  increase 
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of  fatty  deposit  occurs  and  a  persistent  infantilism,  such  as  infantile 
sexual  organs,  persistent  thymus,  long  retention  of  puppy  hair  and  milk 
teeth ;  the  epiphyses  of  the  bones  remain  open ;  there  is  a  marked  diminu- 
tion in  susceptibility  to  adrenaline ;  lack  of  brain  development  and  intel- 
ligence; a  lowered  body  temperature;  a  lowered  respiratory  exchange; 


FiQ.  59A. — Section  of  the  testis  of  the  brother  of  the  dog  whose  testis  Is  shown  In 
69.  This  dog  had  the  hypophysis  extirpated  early  in  life.  Note  the  absence  of 
spermatozoa.     These  two  dogs  were  the  same  age. 


a  lowered  nitrogen  decomposition  of  the  tissues.  In  adults  there  is  no 
marked  change,  except  an  increase  in  fat;  a  lowering  of  temperature; 
lowered  nitrogen  output ;  and  lowered  sensitiveness  to  adrenaline.  There 
is  also  an  increase  in  the  eosinophile  cells  of  the  blood  and  a  diminution 
of  vital  resistance,  particularly  on  the  part  of  the  skin.  Feeding  tablets 
of  the  hypophysis  brings  about  the  reverse  change.  These  conclusions 
are  supported  by  pathology.  Hyperfunction  of  the  anterior  lobe  of  the 
hypophysis  is  accompanied  by  gigantism,  true  or  acromegalous.  Hypo- 
function  is  accompanied  by  persistent  infantilism. 

Prom  these  experiments  we  may  conclude  as  probable  that  the  ante- 
rior lobe  furnishes  an  internal  secretion  necessary  for  normal  growth 
and  metabolism  and  which  acts  much  as  the  thyroid  acts.     How  this 
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internal  secretion  acts,  and  where ;  whether  by  direct  action  on  the  tis- 
sues, or  indirectly  by  trophic  changes  of  the  brain,  thymus,  sexual 
organs  or  in  some  other  manner,  is  still  an  open  question.  Castration  ot 
the  young  generally  leads  to  the  production  of  an  abnormally  large 
animal.  Castrated  animals  deprived  of  the  hypophysis  are  less  retarded 
in  growth^than  those  deprived  of  the  hypophysis  alone.  The  nature  and 
point  of  attack  of  the  secretion,  whether  it  goes  into  the  blood,  lymph 
or  eerebro-spinal  fluid,  are  questions  needing  further  examination. 

The  posterior  lobe  is  quite  distinct  anatomically,  phylogenetically, 
embryologically  and  physiologically.  No  disturbance  of  growth  takes 
place  when  it  alone  is  taken  out.  The  sole  change  noted  was  one  by 
Gushing:  i.e.,  the  increase  of  sexual  desire.  This,  however,  was  not 
observed  by  Aschner  in  any  of  his  experiments  and  may  possibly  have 
been  due  to  slight  injury  to  the  brain  parts  immediately  adjacent  to  the 
hypophysis.  Indeed,  it  must  be  again  emphasized  that  these  parts  are 
extremely  important,  injury  to  them  being  followed  hy  glycosuria, 
polyuria,  and  changes  in  the  sexual  organs ;  and  stimulation  of  them  by 
contraction  of  the  intestines,  bladder,  etc.  The  connection  with  the 
vagus  is  very  close.  Experiments  by  S.  A.  Matthews  show  that  in  very 
careful  extirpation  of  the  posterior  lobe  by  Aschner's  method  there  is 
often  an  enormous  polyuria,  or  diabetes  insipidus.  A  dog  of  4  kilos 
may  secrete  as  much  as  3  liters  per  day.  This  diabetes  insipidus  is  not 
accompanied  by  any  lowering  of  the  sugar  tolerance,  nor  is  the  operation 
followed  or  accompanied  by  glycosuria. 

The  posterior  lobe  contains  a  substance,  pituitrine,  which  raises  the 
blood  pressure  like  adrenaline,  but  its  effect  is  not  so  transient  as  adren- 
aline, the  blood  pressure  remains  high  for  a  considerable  time;  it  may 
cause  polyuria;  and,  most  remarkable  of  all,  it  is  one  of  the  few  sub- 
stances which  causes  a  flow  of  milk  from  the  mammary  glands.  This 
last  observation  of  the  American  physiologists,  Ott  and  Scott,  is  extremely 
interesting,  since  only  one  or  two  other  substances  have  such  an  action : 
namely,  the  extract  of  the  reabsorbing  uterine  wall  and  the  extract  of 
the  corpus  luteum.  If  extract  of  the  hypophysis  is  injected  into  a  preg- 
nant or  parturient  cat,  a  continuous  stream  of  milk  may  often  be 
expressed  from  the  lacteal  glands.  The  total  quantity  of  milk  is  not 
increased.  The  substance  raising  the  blood  pressure  has  not  yet  been 
chemically  isolated  and  identified.  Its  presence  allies  this  lobe,  per- 
haps, to  the  chromaffine  tissues  of  the  body.  In  other  respects  it  acts  like 
adrenaline.  Its  preparation  should  provide  a  valuable  remedy  to  medi- 
cine. The  presence  of  pituitrine  in  the  body  and  the  resemblance  of  its 
actions  to  those  of  adrenaline  makes  it  always  somewhat  doubtful 
whether  such  a  substance  in  the  blood  has  come  from  the  hypophysis  or 
the  supra-renals. 
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Among  its  other  physiological  actions  may  be  mentioned  its  action  on 
the  uterus  and  bladder.  It  causes  in  each  prolonged  tonic  contractions. 
It  seems  to  act  directly  on  smooth  muscle  regardless  of  the  innervation, 
in  this  respect  differing  from  adrenaline. 

The  composition  of  the  active  principle  of  the  gland,  or  pituitrine, 
is  not  yet  known.  It  is  apparently  a  base  and  is  precipitated  by  phospho- 
tungstic  acid  (Engeland  and  Kutscher).  The  solutions  of  the  active 
principle  give  a  very  strong  histidine  reaction  with  p-diazobenzene  sul- 
phonic  acid  (Puhner;  Aldrich).  It  would  appear  from  this  to  be  pos- 
sibly a  histidine  derivative  and  in  this  connection  it  is  of  interest  that 
/J-imidazolylethylamine  also  causes  contraction  of  the  uterus  like  pitui- 
trine. The  action  of  histamine  on  the  lungs  is,  however,  quite  different 
from  the  action  of  pituitrine.  Histamine  causes  an  intense  spasm  of  the 
bronchioles,  but  pituitrine  does  not  do  this.  It  is  destroyed  by  trypsin, 
but  slowly  by  pepsin,  from  which  it  would  appear  to  be  a  polypeptide. 
It  is  very  unstable  in  alkali  and  liberates  a  volatile  amine.  Aldrich 
obtained  a  crystalline  picrate. 

Pituitrine,  whatever  its  nature,  is  apparently  allied  in  its  action 
to  the  digitalis  group.  A  substance  of  somewhat  similar  properties  has 
been  found  in  the  skin  glands  of  toads.  In  the  latter  ease  the  substance 
is  an  oxycholesterol.  There  is  also  a  pressor  substance  in  the  anterior 
lobe,  but  it  is  in  small  amounts  and  its  presence  is  masked  by  a  depressor 
substance  which  may  be  separated  by  its  solubility  in  ethyl  alcohol. 

The  facts  that  are  here  presented  show  that  in  its  actions  on  general 
metabolism  the  anterior  lobe  of  the  hypophysis  strongly  resembles  the 
thyroid.  Its  action  on  metabolism  is  less  pronounced.  It  is  clear,  from 
its  relation  to  glycosuria,  the  chromaffine  tissue  and  the  sexual  organs, 
that  the  hypophysis,  thyroids,  sexual  glands,  adrenals  and  thymus  are 
a  closely  related  series  of  organs  which  mutually  influence  each  other's 
growth.  The  attempt  has  been  made  to  bring  these  into  a  general 
scheme  among  themselves  by  Eppinger,  Falta  and  Rudinger  and  later 
by  Aschner.    Such  a  scheme  is  that  below. 

Thyroid.    Hypophysis ' 


Pancreas,  ovaries.parathyroids    /_ \    Chromaffine  system 

Inhibition 

Thus  the  thyroid  and  hypophysis  stimulate  the  chromaffine  tissue,  the 
latter  inhibits  the  pancreas,  ovaries  and  parathyroids ;  the  latter  inhibit, 
or  are  inhibited  by,  the  thyroids  and  hypophysis.  Such  a  scheme, 
while  useful,  is  too  restricted.    It  must  be  remembered  that  the  meta- 
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bolic  co-ordination  or  correlation  of  the  body  embraces  every  organ  in  it. 
The  body  is  an  organic  whole  and  these  so-called  cryptorrhetic  organs, 
organs  of  internal  secretion,  are  not  unique,  but  the  bones,  muscles, 
skin,  brain  and  every  part  of  the  body  are  furnishing  internal  secretions 
necessary  to  the  development  and  proper  functioning  of  all  the  othoi' 
organs  of  the  body.  Such  a  scheme,  to  be  complete,  must  embrace  every 
organ  J  only  the  barest  beginning  has  been  made  in  this  study  so  im- 
portant, so  necessary  for  the  understanding  of  development  and  inheri- 
tance. Problems  of  development  and  inheritance  cannot  be  solved  until 
these  physiological  questions  are  answered. 

The  following  table  expresses  the  action  of  some  of  these  organs : 

On  protein  metabolism. 
StimnlatiTig  Inbibitiner 

Thyroid  Pancreas 

Hypophysis  Parathyroids 

Chromaffine  system 
Ovaries,  Testes. 

On  calcium  retention: 
Favorable  to  Inhibit 

Hypophysis  Sexual  glands 

Thyroids 

Parathyroids. 

The  internal  secretions  appear  to  the  author  to  constitute  strong 
evidence  against  the  existence  of  such  things  as  unit  characters  and 
inheritance  by  means  of  structural  units  in  the  germ,  which  represent 
different  characters.  We  see  in  the  internal  secretions  that  every  char- 
acter in  the  body  involves  a  large  number  of  factors.  The  shape  and 
size  of  the  body;  the  coarseness  of  the  hair;  the  persistence  of  the 
teeth;  tendency  toward  fatness,  may  easily  depend  on  the  hypophysis, 
on  the  thyroid  and  the  sexual  organs ;  and  these,  in  their  turn,  are  but 
the  expression  of  other  influences  played  upon  them  by  their  surround- 
ings and  their  own  constitution.  An  accurate  examination  shows  the 
untrustworthiness  of  any  such  simple  or  naive  view  as  that  of  unit 

characters. 
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PARATHYROIDS. 

The  parathyroids,  or  epithelial  bodies,  as  they  have  been  also  rather 
badly  named,  are  some  small,  pale,  glandular  masses  either  embedded 
in  the  thyroids,  or  lying  close  to  them  or  attached  to  the  thymus  gland. 
There  are  in  many  cases  four  of  these  bodies,  two  within  the  thyroid 
called  the  internal  parathyroids,  and  two  without,  or  external  parathy- 
roids ;  but  particularly  in  herbivora  th^ere  are  often  accessory  parathyroids. 

For  a  long  time  these  bodies  were  confused  with  the  thyroids  and 
results  of  their  extirpation  were  attributed  to  the  thyroids.  Their  rela- 
tion to  the  thyroid  is  not  yet  clear,  but  it  is  certain  that  the  tetany 
and  death  after  9-10  days  originally  ascribed  to  thyroidectomy  are  in 
reality  due  to  the  extirpation  of  the  parathyroids. 
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Complete  extirpation  of  the  parathyroids  is  generally  followed  by  a 
remarkable  set  of  symptoms.  Morel  has  described  these  very  well: 
A  dog  2-3  years  of  age  which  has  undergone  parathyroidectomy  at  first 
presents  no  appreciable  symptoms.  The  symptoms  begin  on  the  second 
day.  The  animal  then  becomes  sad  and  restless;  it  moans  and  moves 
about.  It  eats  no  more,  but  drinks  abundantly.  Prom  the  second  to  the 
third  day  it  seems  stiff  in  its  movements;  a  fleeting  twitching  of  its 
muscles  analogous  to  that  of  a  horse  bitten  by  a  fly  may  be  observed. 
There  is  fibrillary  twitching  of  the  tongue.  On  the  4th  day  it  is  worse. 
The  animal  makes  a  miserable  appearance.  It  retires  to  a  dark  corner ; 
it  seems  to  suffer  much  and  cries  out  at  the  least  touch.  Stiffness  or 
rigor  increases  so  as  to  interfere  with  its  movements;  the  tremblings 
become  general,  more  ample  and  less  discontinuous.  Convulsions  throw 
the  dog  on  the  floor,  with  feet  in  extensor  tetanus  and  head  bent  back; 
at  times  disordered  movements  come  on,  the  feet  beating  the  air  and  the 
face  grimacing.  At  the  same  time  respiration  is  quickened,  the  heart 
accelerated  and  the  temperature  increases.  The  attack  is  prolonged 
several  minutes;  then  the  dog  comes  to  itself,  gets  on  its  feet  and  stag- 
gers about.  The  attack  reappears  after  some  hours,  either  spontaneously 
or  under  some  stimulus  such  as  a  light,  touch  or  noise.  The  attacks 
increase  in  number  and  intensity  and  tend  to  become  continuous.  Re- 
fusing all  food,  or  vomiting  the  little  it  has  taken,  the  animal  rapidly 
becomes  cachexic  and  gives  out  a  putrid  odor.  Toward  the  8th  day  it 
enters  on  the  terminal  phase  of  the  malady,  the  convulsive  seizures 
are  repeated,  but  their  violence  diminished.  Thin  and  without 
strength,  the  dog  lies  on  one  side.  He  asphyxiates  little  by  little 
and  the  temperature  falls.  The  respirations  become  few,  deep  and 
irregular.  Then  the  animal  dies.  Death  comes  on  the  9th  or  10th 
day. 

But  while  death  generally  follows,  certain  cases  have  been  des'cribed  in 
cats  and  other  animals,  in  which  recovery  took  place  and  no  symptoms 
followed  parathyroidectomy ;  and  on  autopsy  no  accessory  parathyroids 
could  be  found.  Such  cases  are  most  common  in  cats.  Whether  they 
are  to  be  explained  by  undiscovered  accessory  parathyroids,  by  the 
getting  into  fiinction  of  some  other  organ  usually  working  with  the 
thyroids,  for  example  the  hypophysis,  or  whether  there  is  spontaneous 
cure  by  immunity,  cannot  be  positively  stated. 

The  tetany  can  be  entirely  done  away  with  or  greatly  reduced  by 
the  giving  of  sodium  bicarbonate  or  alkalies,  or  by  bone  injury,  or  by 
grafting  parathyroid  into  a  bone,  or  by  calcium  salts,  but  the  length  of 
life  is  little  if  at  all  prolonged  thereby,  provided  all  the  parathyroids 
have  been  taken  out.  If,  however,  a  small  amount  has  remained  in,  but 
not  enough  to  keep  the  animal  alive  and  free  from  tetany,  then  the 
injection  of  calcium  salts  is  said  to  permanently  save  the  animals.    It 
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appears  that  the  tetany  is  not  the  cause  of  death,  but  an  indirect  result 
of  some  profound  change  underlying  it. 

With  the  parathyroids,  as  with  all  other  organs  of  internal  secretion, 
we  have  to  ask  the  question  whether  they  are  acting  by  an  internal  secre- 
tion, or  by  a  process  of  detoxication.  Of  course  both  processes  may 
coexist.  In  this  case  there  is  no  doubt  that  the  tetany  is  due  to  &, 
poison  of  some  kind  circulating  in  the  blood  of  the  parathyroidectomized 
animals.  It  has  been  shown  that  bleeding  and  the  injection  of  fresh 
blood  or  salt  solution  relieve  the  tetany.  Furthermore  the  injection  ol 
the  serum  of  animals  in  tetany  may  produce  similar  symptoms  in  othei 
animals.  The  suggestion  has  been  offered  by  some  that  the  normal  func- 
tion of  the  gland  is  to  remove  this  substance  from  the  blood.  Such  a, 
conclusion,  however,  is  not  justified.  It  may  very  easily  be  that  this 
poison  is  not  normally  found  in  the  body  when  the  parathyroids  are 
there.  It  may  be  formed  as  the  result  of  their  falling  out  of  function, 
Methyl  guanidine,  a  poison,  has  been  isolated  from  the  urine  of  dog& 
dead  of  tetany.    Both  guanidine  and  methyl  guanidine  produce  tetany. 

The  symptoms  of  this  tetany  are  similar  to  those  which  sometimes 
follow  an  Bck  fistula  when  a  dog  is  fed  on  meat.  A  bread  and  milk 
diet  relieves  them;  meat  predisposes  to  them.  Substances  appear  to  be 
formed  in  the  digestive  tract,  either  as  the  result  of  bacterial  decomposi- 
tion of  meat  or  of  digestion,  or  to  pre-exist  in  the  meat,  which  produce 
tetany  and  which  the  liver  ordinarily  removes.  Substances  of  unknown 
nature  and  unknown  origin  of  similar  action  appear  also  during  para 
thyropriva  and  it  has  accordingly  been  suggested  by  Morel  that  th* 
parathyroids  are  necessary  for  the  liver  to  function  normally;  in  their 
absence  the  liver  is  no  longer  able  to  detoxicate  the  body.  Others  hav-t; 
attempted  to  show  that  the  liver  has  lost  the  power  of  holding  back 
ammonia  and  that  the  tetany  is  an  ammonia  tetany,  but  their  methods 
have  generally  been  too  inexact  and  their  conclusions  accordingly  not 
dependable.  It  is  not  sure,  also,  whether  the  substances  causing  the 
tetany  are  the  cause  of  death  or  an  indirect  result  of  the  morbifit 
process.  It  has  also  been  suggested  that  an  acidosis  follows  parathyro- 
priva.  Among  the  other  suggestions  made,  again  badly  founded,  was 
that  in  parathyropriva  there  was  a  hypersecretion  of  calcium  and  tetany 
as  the  result  of  this.  This,  however,  is  not  the  case,  although  there  is 
no  doubt  that  the  calcium  content  of  the  blood  is  reduced  and  that  by 
calcium  salts,  as  by  several  other  ways  the  tetany  may  be  prevented. 
The  way  in  which  the  parathyroids  act  is,  therefore,  still  obscure.  It  is 
certain  that  there  are  serious  disturbances  of  digestion. 

One  very  interesting  result  of  parathyropriva  is  the  action  on  the 
dentine  of  the  teeth  and  on  the  bones.  Neither  bones  nor  teeth  calcify 
properly,  so  that  in  rats  conditions  analogous  to  rachitis  and  ostea 
malacia  are  produced. 
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THYROID. 

The  thyroid  gland  is  a  small,  highly  vascular,  ductless  gland,  lying 
in  the  neck  close  to  the  larynx.  It  gets  its  name  from  the  large  carti- 
lage of  the  larynx,  the  thyroid,  or  thyreoid  cartilage,  so  called  from 
its  shield-like  shape.  (Gr.  thyreos,  shield.)  In  most  of  the  higher 
vertebrates  the  gland  is  composed  of  three  parts,  two  lobes  lying 
close  to  the  larynx  one  on  each  side  and  a  little  to  the  front  of  the 
trachea,  and  an  isthmus  of  connecting  glandular  tissue  which  extends 
across  the  trachea  in  front.  The  organ  is  largest  relative  to  the  body 
weight  in  the  mammalia  and  smallest  in  the  fishes.  The  gland  is  found 
in  all  classes  of  vertebrates,  but  in,  the  fishes  and  cyclostomes  it  is  rep- 
resented only  by  some  small  diffuse  glandular  patches  little  larger  than 
the  heads  of  pins,  which  extend  along  the  aorta  on  the  ventral  side  and 
out  a  little  way  along  each  gill  arch.  The  gland  is  larger  and  fairly 
compact  in  amphibia  and  reptiles,  but  still  small.  The  histological 
structure  in  all  forms  from  the  fishes  up  is  the  same  and  quite  character- 
istic. In  amphioxus,  one  of  the  lowest  of  the  vertebrates,  the  gland  is 
said  to  be  represented  by  the  neural  groove,  but  there  is  some  doubt 
about  this  homology.  The  only  organ  of  the  invertebrate  which  has  been 
homologized  with  it  is  a  gland  of  scorpions  and  arachnids.  This  gland 
has  a  structure  very  similar  to  that  of  the  thyroid  of  the  cyclostomes 
(Gaskell).  It  is  interesting  to  notice  that  if  this  homology  is  correct, 
and  few  if  any  zoologists  would  admit  its  correctness,  the  vertebrate 
thyroid  represents  an  accessory  sexual  organ  of  the  invertebrate.  This 
is  of  interest  on  account  of  the  close  connection  physiologically  between 
the  sexual  organs  and  the  thyroids  of  vertebrates  of  which  we  shall 
presently  speak. 

The  thyroid  is  a  very  vascular  gland.  Relative  to  its  weight  a  very 
large  amount  of  blood  passes  through  it,  and  in  goiter  this  vascularity 
becomes  still  greater  and  the  carotid  arteries  supplying  the  gland  are 
generally  enlarged,  sometimes  to  double  their  normal  size.  So  great  is 
the  blood  supply  that  dilation  of  the  arterioles  of  this  gland  alone  may 
lower  the  general  blood  pressure  many  millimeters  of  mercury. 

The  nerve  supply  of  the  thyroid  is  from  the  superior  and  inferior 
laryngeal  nerves.  These  nerves  carry  vasomotor  and  probably  afferent 
and  secretory  fibers  for  the  gland. 

The  thyroid  is,  therefore,  pre-eminently  a  vertebrate  gland.  It  has 
developed  side  by  side  with  the  vertebrate  characteristics  of  a  dry, 
hairy  skin  instead  of  a  moist,  mucus-bearing  or  chitinous  skin;  with  a 
great  development  of  the  brain  and  intelligence ;  with  an  internal  bony 
skeleton  and  a  large  skull.  It  may  almost  be  called  the  vertebrate  gland 
par  excellence,  for  as  we  shall  presently  see  it  is  intimately  connected 
with  these  three  fundamental  vertebrate  characteristics.    Indeed,  it  ap- 
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pears  to  be  related  in  a  causal  way  with  these  organs,  so  that  these  typi- 
cally vertebrate  characters  might  almost  be  called  secondary  thyroid 
characters,  just  as  the  horns  of  cattle  may  be  secondary  sexual  char- 
acters. Injury  to  the  thyroid,  particularly  in  growing  animals,  is  asso- 
ciated with  profound  retrogressive  changes  or  cessation  of  development 
in  skin,  internal  skeleton  and  nervous  system. 

Embryology.     The  thyroid  gland,  although  ductless  in  its  adult  state, 
arises  as  an  outgrowth  of  the  ventral  side  of  the  embryonic  oesophagus. 


Pig.  60. — Section  of  the  normal  thyroid  of  a  cat  (Vincent  and  Joly).  Note  the  low 
epithelium  with  the  colloid  material  in  the  center  of  the  alveolus. 

It  is  hence  hypoblastic  in  origin.  Another  such  outgrowth  is  the  lungs. 
It  corresponds  on  the  ventral  side  to  the  anterior  lobe  of  the  hypophysis, 
which  grows  out  of  the  dorsal  side,  and  there  is  some  connection  and 
similarity  between  the  functions  of  these  two  organs.  Very  soon,  how- 
ever, connection  of  the  thyroid  with  the  oesophagus  is  lost ;  the  gland  is 
encapsulated  with  connective  tissue  and  has  no  duct  for  the  discharge  of 
its  secretion. 

Histology.  Histologically  the  gland  consists  of  closed  alveoli  con- 
taining a  single  layer  of  epithelial  cells  and  with  the  center  of  the  alveolus 
(Figure  60),  consisting  of  colloid  material,  which  stains  strongly  in 
eosin.  This  colloid  is  believed  to  be  the  active  principle  of  the  gland.  A 
similar  colloid  is  found  in  the  hypophysis  formed  by  the  pars  intermedia 
and  discharged  into  the  third  ventricle  of  the  brain  by  means  of  the 
infundibulum.  How  the  colloid  escapes  from  the  thyroid,  whether  it 
goes  into  the  lymph  or  into  the  blood,  or  whether  it  is  dissolved  by  some 
ferment  which  splits  it  into  a  soluble  substance,  osmosable  and  passing 
into  the  blood,  is  still  unknown.  It  is,  perhaps,  most  likely  that  such  an 
enzyme  exists  in  the  gland  and  the  colloid  does  not,  as  such,  find  its 
exit  from  the  gland. 

Function.  The  function  of  this  gland  was  until  recently  obscure  and 
even  now  not  all  the  details  of  its  action  are  known.  The  gland  was 
classed  as  an  organ  of  internal  secretion  by  the  great  physiologist, 
Brown-Sequard.     Knowledge  of  its  function  was  derived  first  from 
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pathology  and  then  from  surgery.  It  was  found  by  surgeons  that  extir- 
pation of  the  gland  was  followed  by  very  grave  symptoms  in  human 
beings ;  and  the  pathologists  observed  its  connection  with  certain  peculiar 
changes  in  the  skin  and  skeleton. 

(a.)  Cretinism.  If  the  gland  fails  to  develop  or  atrophies  or  de- 
velops insufficiently  in  embryonic  life,  a  cretin  is  the  result.  Growth 
is  retarded,  and  a  dwarf  is  produced,  with  a  protuberant  abdomen,  low 
intelligence,  or  imbecility ;  the  hair  is  coarse  and  scanty ;  the  skin  thick 
and  dry  with  mucin  in  it.  These  cretins,  or  dwarfs,  are  found  generally 
in  regions  where  goiter  is  endemic,  as  in  Switzerland  and  Styria.  If, 
while  very  young,  they  are  given  sheep 's  thyroids,  or  extracts  of  thyroids, 
growth  begins  again  and  the  abnormal  symptoms  more  or  less  completely 
disappear.  The  thyroids  must  be  taken  constantly,  however,  or  myxoe- 
dematous  symptoms  recur.  It  is  then  clear  that  arrested  mental  and 
physical  development  is  a  result  of  thyroid  insufficiency.  The  proper 
development  of  the  brain  and  skull  and  various  other  structures  of  the 
body  depend  upon  the  secretions  of  this  gland. 

(b.)  Myxcedema.  Extirpation  or  atrophy  of  the  gland  in  adults  is 
followed  by  the  symptoms  of  myxcedema,  so  called  from  the  deposit 
of  mucin-yielding  material  in  the  thickened  skin.  (Gr.  myxa,  mucin; 
oidema,  swelling.)  The  skin  becomes  thick,  dry,  the  connective  tissue 
is  increased  and  yields  mucin  when  extracted  with  alkali.  The  hair 
becomes  scanty  and  coarse;  there  is  a  marked  falling  off  of  the  sexual 
function ;  intellectual  apathy  and  disinclination  to  exertion  of  any  kind 
result.  A  general  obesity  may  also  develop.  The  body  temperature  falls 
about  1°  below  normal  and  the  oxygen  consumption  and  nitrogen  metab- 
olism are  reduced.  (Compare  with  results  of  extirpating  anterior  lobe 
of  hypophysis.)  Patients  with  complete  atrophy  of  the  thyroid  have  a 
basal  metabolism  only  60  per  cent,  of  the  normal. 

(c.)  Basedow's  disease.  On  the  other  hand,  if  the  thyroid  is  too 
active,  exophthalmic  goiter,  so  called  from  the  protuberance  of  the  eyes 
which  commonly  occurs,  or  Basedow's  disease,  results.  In  this  case  the 
symptoms  are  generally  just  the  reverse  of  those  in  thyreopriva,  or 
diminished  function.  The  heart  is  very  fast  and  often  irregular  (tachy- 
cardia) ;  instead  of  a  low  temperature  the  temperature  is  high,  one  or 
two  degrees  above  the  normal ;  there  is  great  nervous  irritability  in  place 
of  nervous  sluggishness;  nitrogen  metabolism  and  oxygen  consumption 
are  increased,  instead  of  diminished;  and  patients  are  thin  instead  of 
fat.  Moreover,  the  symptoms  are  ameliorated  by  reducing  the  activity 
of  the  gland  by  tying  some  of  its  arteries  or  partial  extirpation.  The 
gland  may  or  may  not  be  larger  than  the  normal,  although  it  is  generally 
somewhat  enlarged,  but  it  is  generally  found  to  contain  but  little  colloid 
and  more  of  the  secretory  epithelium. 

From  this  pathological  evidence  it  is  clear  that  this  small  organ  is 
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enormously  important  in  the  proper  development  of  bone,  teeth,  skull, 
brain  and  skin  of  the  body ;  that  its  absence  is  attended  by  retrogressive 
changes  in  these  tissues  and  organs;  and  that  when  it  overfunctions  it 
stimulates  metabolism  and  nervous  activity.  The  gland  obviously  has 
a  very  close  relation  to  the  nervous  and  the  vascular  systems  throughout 
the  vertebrate  phylum. 

(d.)  Extirpation  of  the  gland  in  animals.  The  results  of  extirpa 
tion  of  the  gland  differ  in  different  animals.  This  is  owing  to  the  fact 
that  the  thyroid  contains  often  in  it  the  parathyroids,  for  example  in 
dogs  and  cats;  whereas  in  rabbits  and  the  herbivora  generally  there 
are  external  parathyroids  lying  outside  of  the  thyroids.  The  results  of 
taking  out  the  parathyroids  are  very  different  from  those  of  taking  out 
the  thyroids  alone.  Since,  in  the  beginning,  the  importance  of  the 
parathyroids  was  not  recognized,  many  apparent  contradictions  resulted 
in  the  effects  of  the  operation.  Here  only  the  effects  of  taking  out  the 
thyroids  proper  will  be  considered. 

If  the  thyroids  alone  are  taken  out,  or  if  the  thyroids  and  internal 
parathyroids  only  are  extirpated,  leaving  the  external  parathyroids 
intact,  no  very  obvious  symptoms  follow  at  once.  But  in  adults  dis- 
turbances in  metabolism  shortly  begin  to  appear  and  the  symptoms  of 
myxoedema  develop.  The  animals  live  for  months  or  years  (dogs,  cats, 
rabbits).  The  hair  falls  out.  They  are  apt  to  become  mangy;  their 
nitrogen  metabolism  diminishes ;  they  do  not  so  easily  develop  adrenaline 
glycosuria  when  adrenaline  is  injected;  the  excitability  of  the  vagus, 
depressor  and  other  nerves  is  diminished ;  animals  become  apathetic  and 
tend  toward  obesity,  somewhat  as  they  do  after  extirpation  of  the 
hypophysis.  Their  sexual  life  is  also  less  intense.  If  the  parathyroids 
are  also  removed  tetany  and  death  in  9-10  days  nearly  always  result. 

In  young  animals  the  consequences  of  extirpation  of  the  thyroids 
are  far  more  serious.  Growth  is  checked ;  myxoedematous  symptoms  de- 
velop and  intelligence  remains  very  low. 

(e.)  Effect  of  extirpation  on  the  excitaiility  of  nerves.  It  was  men- 
tioned that  one  of  the  results  of  extirpation  of  the  gland  is  that  the  sym- 
pathetic nerves  of  all  kinds,  and  in  general  what  are  known  as  the 
autonomic  nerves,  namely,  those  which  regulate  the  visceral  as  distinct 
from  the  voluntary  system  of  the  body,  are  less  active  on  stimulation 
than  they  were  before.  Now,  in  the  case  of  the  supra-renals  there  is  no 
doubt  that  the  action  of  the  glands  is  due  to  an  internal  secretion,  a 
substance  of  known  composition,  adrenaline,  which  comes  from  the  gland 
to  the  blood.  It  is,  hence,  not  unlikely  that  the  thyroids  also  have  an 
internal  secretion.  Physiologists  have,  accordingly,  sought  for  evidence 
that  such  an  internal  secretion  is  produced  by  the  gland.  Such  experi- 
ments were  tried  by  von  Cyon  many  years  ago.    He  proved  that  stimu- 
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lation  of  the  thyroid  branches  coining  from  the  superior  and  inferior 
laryngeal  nerves  caused  a  great  dilation  of  the  blood  vessels  of  the 
gland,  and  that  as  a  result  of  this  stimulation,  or  of  the  injection  of 
thyroid  extracts,  a  remarkable  change  took  place  in  the  irritability  of 
the  vagus  nerve  and  the  depressor  nerves.  Stimulation  of  the  vagus 
was  far  more  effective  in  stopping  the  heart;  and  the  depressor  effect 
was  far  more  sensitive  after  stimulation  of  the  gland  nerves  or  after 
the  injection  of  the  extract  of  the  gland  than  before.  On  the  other 
hand,  when  the  thyroid  was  reduced  in  activity,  as  in  some  goiters,  or 
when  it  was  extirpated,  there  was  a  remarkable  diminution  in  excita- 
bility of  the  vagus  and  depressor  mechanisms.  Both  of  these  nerves 
are  inhibitory  nerves  and  are  acting  in  an  antagonistic  manner  to  the 
sympathetics.  These  results  have  been  confirmed  by  several  observers. 
They  appear  to  be  well  substantiated.  It  is  also  stated  that  the  power 
of  the  splanehnics  to  raise  blood  pressure  on  stimulation  by  weak  cur- 
rents is  also  greater  when  the  thyroid  nerves  are  stimulated  at  the  same 
time.  This  experiment  is  of  importance,  since  the  short  time  necessary 
to  produce  an  effect,  i.e.,  ninety  seconds,  would  indicate  that  the  thyroid 
secretion  did  not  find  its  way  into  the  lymph,  but  directly  into  the 
blood.  A  direct  action  of  the  thyroid  is  thus  shown  to  be  upon  the  vaso- 
motor apparatus  and  sympathetic  system,  including  the  internal  muscles 
of  the  eye.  This  effect  is  presumably  partly  peripheral  and  in  part 
direct.  This  is  of  great  importance  in  interpreting  the  symptoms 
of  exophthalmic  goiter,  where  such  hypersensitiveness  is  marked. 
In  thus  increasing  the  excitability  of  the  autonomic  system  the  in- 
ternal secretion  of  the  thyroids  appears  to  act  somewhat  like  that  of 
the  supra-renals.  But  the  thyroid  extract  does  not  itself  cause  a  rise 
of  blood  pressure;  it  is  much  less  powerful  than  that  of  the  latter 
organs. 

(f.)  Action  of  extracts  of  the  thyroid.  Blood  pressure  and  vascular 
system.  While  nearly  all  are  agreed  that  extracts  of  the  thyroid,  in- 
cluding thyreoglobulin,  which  is  obtained  from  the  colloid  matter, 
and  iodothyrin,  formed  from  the  globulin  by  hydrolysis,  influence 
the  excitability  of  the  vasomotor  apparatus  and  the  sympathetic  system, 
very  contradictory  effects  on  blood  pressure  have  been  obtained  as  a 
direct  result  of  the  injection  of  extracts  of  the  gland.  These  contradic- 
tory results  appear  to  be  due  (a)  to  the  use  of  anesthetics,  curare  and 
morphine  in  some  cases  but  not  others ;  and  (b)  to  different  methods  of 
making  the  extract.  Drugs  often  cause  very  different  actions  on  the  cir- 
culations of  anesthetized  and  non-anesthetized  animals.  Thyroidec- 
tomized  animals  generally  have,  after  a  time,  a  low  blood  pressure.  The 
serum  of  such  animals  is  also  hypotensie.  Jeandelize  and  Perisot  ob- 
tained the  following  results:    Rabbits  were  operated  on  when  8  days 
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old  and  tested  after  several  months.    The  blood  pressure  in  the  controls 
and  the  thyroideetoinized  animals  compared  as  follows: 


Blood  pressure  in  cms.  Hg. 

Time  rrom  operation 

Controls 

Thyroidectomized 

2  months  18  days 

6       "                        

U.5 
11 

9.6 
6.5 

The  effect  of  injecting  extracts  of  the  gland  is  not  uniform.  Von 
Cyon  and  Asher  got  no  direct  action  of  extracts  of  the  gland  on  blood 
pressure.  Nearly  all  observers,  however,  have  obtained  a  fall  in  blood 
pressure  following  the  injection  of  aqueous,  glycerol  or  acid  extracts 
of  the  gland.  It  was  suggested  that  this  was  due  to  choline.  Popielski 
showed  that  if  the  depressor  substance  was  first  removed  from  the  gland 
extract,  a  rise  in  blood  pressure  resulted  on  the  subsequent  injection  of 
the  extract.  The  amount  of  choline  in  the  extracts  is  said  to  be  too 
small  to  produce  the  result.  The  depressor  substance  in  the  acid  extract 
of  the  gland  is  vasodilatin,  according  to  Popielski.  This  extract  causes 
all  the  typical  symptoms  produced  by  this  substance,  namely,  secretion 
of  the  pancreas,  fall  in  blood  pressure,  abolition  of  the  coagulability  of 
the  blood.  This  substance  would  appear  to  be  either  imidazolylethye- 
amine  or  some  similar  amine.  The  recent  work  of  Hunt  on  the  great 
activity  of  some  of  the  esters  of  choline  suggests  that  possibly  some  of 
these  may  be  present. 

As  regards  the  nature  of  the  active  principle  which  produces  the 
change  in  excitability  of  the  vagus  and  sympathetic  nerves,  experiments 
indicate  that  it  is  either  the  colloid,  namely  the  iodine  containing 
thyreoglobulin,  or  some  derivative  of  this,  such  as  iodothyrin,  or  some 
proteose  from  the  globulin.  The  experiments  of  Popielski  indicate  the 
probability  that  there  are  also  in  the  gland  basic  substances  which 
may  act  directly  on  the  blood  pressure.  The  whole  matter  is,  how- 
ever, in  such  an  uncertain  state  that  more  work  will  have  to  be  done 
before  the  relation  of  the  gland  to  the  vascular  system,  a  relation  which 
no  one  doubts,  is  cleared  up. 

(g.)  Effect  of  feeding  thyroids  or  extracts  of  thyroids  on  metaiolism. 
The  relation  of  the  thyroid  to  metabolism  is  shown  very  clearly  by  the 
cessation  of  growth  and  proper  development  on  its  removal.  Moreover, 
feeding  experiments  give  very  positive  results.  If  human  beings  or 
carnivora  (the  effects  on  herbivora  are  doubtful)  eat  thyroids  or  take 
extracts  of  the  gland,  there  results  a  stimulation  of  their  nitrogen 
metabolism.  It  is  as  if  the  protein  oxidation  had  been  stimulated.  The 
temperature  of  the  body  is  raised,  just  as  it  is  by  the  ingestion  of 
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protein.  The  protein  is  rapidly  oxidized.  There  is  an  increased  con- 
sumption of  oxygen  and  production  of  COj  and  nitrogen  excretion  is 
increased.  A  diminution  of  the  fat  in  the  body  results,  so  that  thyroid 
tablets  are  recommended  or  used  often  for  reducing  fatnoss.  The 
nervous  and  heart  symptoms  produced  are,  however,  unpleasant.  Very 
similar  effects  are  produced  on  metabolism  by  the  ingestion  of  very 
large  amounts  of  protein.  In  amphibia  feeding  thyroid  greatly  hastens 
the  transformation  from  the  larval  to  the  adult  form.  Tadpoles  change 
into  frogs  long  before  the  usual  period  if  thyroid  is  eaten. 

The  nature  of  the  active  principle  of  the  gland,  which  is  thus  active, 
•is  considered  below.  It  appears  to  be  correlated  with  the  colloid  matter 
in  the  cells.  It  may  be,  however,  that  the  nervous  symptoms  and  the 
metabolic  symptoms  are  due  to  different  substances.  The  way  in  which 
the  active  principle  acts  is  still  quite  obscure;  it  is  uncertain  whether 
it  acts  directly  on  the  cells  of  the  body,  or  indirectly  by  its  action  on 
the  nerves.  Further  work  in  this  direction  will  be  needed.  The  indica- 
tions are,  however,  from  the  work  which  follows,  that  it  is  the  iodine- 
containing  substance  which  is  active. 

(h.)  Nitrite  reaction.  A  very  remarkable  and  curious  reaction, 
making  an  almost  incredibly  delicate  biological  test  for  thyroid  tissue,  is 
the  nitrile  test  of  Reid  Hunt.  If  so  little  as  0.1  mg.  of  dried  thyroid 
tissue,  or  an  equivalent  amount  of  the  thyroglobulin,  per  gram  of  body 
weight  is  fed  to  a  white  mouse  on  a  cracker  diet  each  day  for  10  con- 
secutive days,  no  visible  change  occurs  except  a  loss  of  weight;  but  it 
is  found  that  such  a  mouse  will  survive  as  much  as  10  times  the  amount 
of  aeetonitrile  given  subeutaneously,  which  would  have  killed  his  brother 
or  sister  under  conditions  identical  with  the  foregoing,  except  the  thyroid 
feeding.  White  rats,  on  the  other  hand,  are  rendered  far  more  sensi- 
tive to  aeetonitrile  by  this  treatment.  This  test  is  the  most  delicate  test 
for  thyroid  tissue  which  we  have.  All  of  this  activity  of  the  gland 
is  found  in  the  thyroglobulin  of  the  gland  and  also  in  the  metaprotein 
derived  from  it  by  acid  hydrolysis ;  also  in  the  iodine  containing  protal- 
bumose  formed  from  the  metaprotein  by  acid  hydrolysis.  The  amount 
of  activity  computed  on  the  iodine  present  in  these  preparations  remains 
what  it  was  in  gland  substance  containing  the  same  amount  of  iodine. 
By  further  hydrolysis  iodothyrin  is  formed,  and  while  this  is  active,  it  is 
not  so  active  per  mg.  of  iodine  as  the  original  substance.  The  extreme 
sensitiveness  of  this  reaction  and  the  fact  that  the  nitriles  generally  kill 
by  their  action  on  the  respiratory  center  strongly  indicate  that  the 
thyroid  extract  produces,  in  mice  and  rats,  a  change  in  this  center,  in  the 
one  case  causing  an  increase,  in  the  other  a  decrease  in  its  sensitiveness 
to  aeetonitrile. 

(i.)  Nature  of  the  internal  secretion  of  the  thyroid.  This  problem 
is  now  solved.     The  thyroid  is  peculiar  among  all  the  glands  of  the 
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body  because  it  normally  contains  iodine.  No  other  tissue  normally  eon- 
tains  iodine  in  more  than  traces,  except  possibly  the  pituitary,  and  here 
the  evidence  is  doubtful.  The  fact  that  the  thyroids  contain  iodine 
naturally  leads  to  the  conclusion  that  the  peculiarity  of  the  gland's 
action  is  due  in  some  way  to  this  fact  and  that  the  active  principle  is 
also  an  iodine  compound.  There  are  strong  reasons  for  believing  this  to 
be  a  fact,  and  some  reasons  for  doubting  it.  The  connection  of  iodine 
with  the  thyroid  was  long  known  empirically.  It  was  found  that  iodide 
taken  internally,  or  iodine  painted  on  the  outside,  was  beneficial  in 
goiter,  and  reduced  the  goiter.  It  was  early  stated  that  the  gland  con- 
tained iodine  and  that  regions  in  which  goiter  was  endemic  were  marked 
by  less  than  the  normal  amount  of  iodine  in  the  water.  These  results, 
however,  were  not  generally  accepted  until  Baumann,  in  1895,  showed 
that  iodine  was  present  in  the  gland. 

The  amount  of  iodine  in  the  gland  is  extremely  variable  and  is  much 
increased  by  various  forms  of  medication  by  iodine,  iodides  or  iodine- 
containing  materials.  The  gland  has  the  power  of  picking  out  iodine 
from  the  blood  and  storing  it  in  organic  union.  Iodine  is  found  in 
combination  with  a  globulin  which  occurs  in  the  colloid  of  the  gland 
and  is  called  thyreogloiulm.  All  of  the  iodine  present  is  in  this  sub- 
stance and  certainly  the  effect  of  the  gland  on  the  nitrile  susceptibility 
of  mice  is  due  exclusively  to  this  substance.  Glands  which  contain  no 
colloid  contain  no  iodine  either ;  those  which  have  much  colloid  usually 
contain  also  much  iodine.  As  a  rule  the  thyroids  of  persons  living  in 
goiterous  regions  contain,  per  gram  of  dry  substance,  less  iodine  than  is 
common  in  other  localities.  The  rule  has,  however,  many  exceptions. 
In  a  lot  of  human  thyroids  from  the  Stiermark  (Styria),  a  goiterous 
region,  von  Rositzky  found  that  the  fresh  weight  of  the  glands  of  adults 
varied  from  29  to  231  grams,  and  the  dry  substance  from  5.2-67  grams. 
In  1  gram  of  dry  substance  the  amount  of  iodine  varied  from  0.077  to 
3.85  mgs.  of  iodine.  The  last  figure  was  obtained  in  a  case  of  tubercu- 
losis. The  total  amount  of  iodine  in  the  whole  gland  varied  from  0.99 
to  54.67  mgs.  In  children  from  birth  to  1%  years  of  age,  Baumann 
found  from  0.09  to  0.342  mg.  of  iodine  in  the  whole  glands.  In  animal 
thyroids  the  amount  of  iodine  usually  runs  from  1-1.5  mgs.  of  iodine  in 
a  gram  of  dry  substance,  but  pigs  may  have  less.  In  sheep  there  appears 
to  be  a  seasonal  variation  in  the  amount  of  iodine,  perhaps  correlated 
with  the  character  of  the  food.  In  Sweden  in  human  adults  the  average 
amount  found  by  Jolin  was  11.20  mgs.  of  iodine  in  the  whole  glands. 
It  is  clear  from  these  figures  that  the  iodine  content  of  human  thyroids 
is  subject  to  very  wide  fiuctuations  and  these  may  be  due  in  part  to 
medication,  disease,  diet  and  other  unknown  causes.  In  exopthalmie 
goiter,  when  the  colloid  may  be  much  reduced  in  amount,  the  iodine  is 
reduced  also.    Some  have  interpreted  these  facts  to  mean  that  the  gland 
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simply  stores  iodine  to  get  rid  of  it,  as  some  organs  store  copper  and 
arsenic.  But  this  view  is  not  borne  out  by  the  studies  of  Kocher,  Os- 
wald, Hunt  and  F.  C.  Koch. 

Thyreoglobulin.  This  is  the  iodine-containing  constituent  of  the 
gland  and  is  the  principal  constituent  of  the  colloid  matter.  It  may  be 
extracted  by  carefully  drying  the  ground  glands  at  room  temperature, 
after  previously  separating  them  as  far  as  possible  from  connective 
tissue,  extracting  the  dried  glands  with  gasoline  to  remove  the  lipins, 
removing  the  gasoline  by  evaporation  at  room  temperature,  and  grind- 
ing the  lipin-free  material  in  a  mill  and  passing  the  powder  through  a 
fine  sieve.  The  globulin  is  then  extracted  from  the  fine  powder  with 
dilute  salt  solution.  The  globulin  is  purified  by  the  usual  methods  of 
precipitating  with  ammonium  sulphate,  resolution,  and  reprecipitation 
by  dialysis.  It  is  a  white,  amorphous  powder.  The  per  cent,  of  iodine  is 
variable,  generally  ranging  from  0.34-1  per  cent.  Oswald  found  1.6 
per  cent.  The  activity  is  proportional  to  the  iodine  content.  It  is  not 
impossible  that  some  of  the  symptoms  of  exophthalmic  goiter  may  be  due 
to  some  other  constituent  of  the  gland.  The  iodine-free  globulin  is  in- 
active on  the  blood  pressure,  and  does  not  affect  the  irritability  of  the 
vasomotor  apparatus  and  sympathetic  systems.  The  iodine-containing 
globulin  is  active  in  these  particulars  and  Koch  found  that  all  the 
activity  of  the  gland  in  the  nitrile  susceptibility  was  due  to  this  con- 
stituent. There  is  then  no  doubt  that  thyreoglobulin  is  one  of  the  active 
substances  of  the  gland.  Whether,  however,  it  is  the  only  active  sub- 
stance and  whether  it  gets  into  the  blood  as  such  is  doubtful.  Koch 
found  that  full  activity  persisted  in  some  of  the  first  digestive  products 
of  the  globulin.  It  is,  therefore,  possible  that  there  is  in  the  gland  an 
enzyme,  which,  under  nerve  influence  or  other  stimulation,  digests  some 
of  the  protein,  setting  free  in  the  blood,  not  thyreoglobulin,  but  an 
iodine  containing  digestion  product  and  this  produces  the  action  on  the 
nervous  system  and  possibly  on  the  other  cells  of  the  body.  It  has  not 
yet  been  shown,  however,  that  any  such  enzyme  exists  in  the  gland  and 
is  active  in  this  way  and  it  is  not  known  in  what  form  the  active  prin- 
ciple is  discharged  from  the  gland.  If  such  a  process  as  that  just  men- 
tioned occurs  the  gland  would  resemble  the  liver,  which  stores  glycogen ; 
the  latter  is  not  poured  into  the  blood  as  such,  but,  by  digestion,  glucose 
is  formed  from  it.  Basedow's  disease  might,  on  this  supposition,  be 
due  to  the  too  great  conversion  of  thyreoglobulin  into  its  absorbable 
digested  products  and  as  a  result  the  gland  strives  to  manufacture  more, 
just  as  the  body  makes  glucose  in  diabetes.  It  is  as  if  a  brake  had  been 
removed.  The  small  content  of  colloid,  the  activity  of  the  gland,  the 
thyrosemia  all  point  in  this  direction.  The  condition  would  be  analogous 
to  diabetes,  only  it  is  a  protein  diabetes,  not  a  carbohydrate. 
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The  active  principle  of  the  gland  has  been  isolated  and  identified  by- 
synthesis  by  Kendall.  He  has  given  it  the  name  "i%roa;m."  This  sub- 
stance is  trihydro-triiodo-oxyindole-propionic  acid.  Its  formula  is  as 
follows : 
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This  substance  easily  opens  the  ring  by  hydrolysis  and  goes  over  into 
the  open  ring  form  in  which  Kendall  believes  it  to  be  present  in  the 

gland : 
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CH         NH, 
Thyroxin,  open  ring  form. 

Thyroxin  has  all  the  powers  of  increasing  metabolism  possessed  by 
thyroid  extracts.  Its  activity  is  presumably  due  to  its  power  of  opening 
or  closing  the  ring.  If  this  is  prevented  by  acetylization,  the  compound  is 
inactive.  Kendall  suggests  that  the  iodine  in  some  way  influences  its 
power  of  closing  the  ring  and  that  its  influence  is  thus  indirect. 

The  great  importance  of  iodine  in  suJBficient  amounts  in  the  diet  is 
now  being  generally  recognized.  It  appears  that  throughout  the  central 
portions  of  the  United  States,  as  for  example  in  the  state  of  Ohio,  goiter, 
particularly  in  young  girls,  is  so  common  as  to  be  almost  the  normal  con- 
dition. It  has  been  found  by  the  work  of  Marine  that  if  iodine  is  given 
in  small  quantities  to  school  children  at  the  ages  of  about  six  and  again 
at  about  twelve  years  they  do  not  develop  goiter.  This  has  now  been 
tried  on  a  large  scale  in  the  cities  of  Cleveland  and  Akron.  The  results 
have  been  remarkable.  The  change  in  the  mentality  of  the  pupils,  and 
the  sudden  increase  in  growth  shown  is  striking.  The  unexpected  result 
also  appears  probable  that  if  women  have  sufficient  iodine  during 
pregnancy,  the  children  do  not  develop  adenoids  and  other  lymphatic 
derangements  which  are  so  common  at  the  present  time. 

There  is  no  doubt  that  much  can  be  done  for  the  population  by  the 
general  application  of  similar  efforts. 
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Marine  also  quotes  a  very  interesting  case  of  sheep  raising  in  Michi- 
gan. This  was  on  the  point  of  being  abandoned  owing  to  the  fact  that 
the  ewes  produced  very  few  young,  many  of  these  dying  shortly  after 
birth,  and  that  growth  and  wool  were  both  very  poor.  By  the  substitu- 
tion of  salt  containing  some  iodine  all  these  conditions  were  remedied. 
This  is  a  striking  illustration  of  the  importance  of  extremely  small 
amounts  of  necessary  constituents  of  the  foods.  Kendall  reports  that 
the  administration  of  10  mgs.  of  thyroxin  to  myxedematous  patients 
raises  the  basal  metabolism  30  per  cent. ;  their  mentality  becomes  normal ; 
their  hair  ceases  to  fall  and  becomes  soft;  the  voice  changes  its  char- 
acter ;  the  skin  becomes  moist  and  the  edema  disappears.  It  is  remarka- 
ble that  so  small  a  quantity  of  this  substance  should  produce  so  great, 
so  diverse  and  such  permanent  changes. 

The  other  constituents  of  the  gland  are  those  of  cells  in  general,  such 
as  lipins,  nucleic  acid,  probably  guanylic  acid,  cholesterol,  choline,  albu- 
mins and  extractives.  The  arsenic  formerly  reported  to  be  present  in 
traces  in  the  normal  gland,  Gautier  has  shown  really  to  have  come  from 
impurities  in  the  reagents.    The  gland  contains  no  arsenic. 

lodothyrin.  By  acid  hydrolysis  of  the  gland  Baumann  and  Eoss 
isolated  a  brownish,  amorphous  substance  containing  from  2-14  per  cent, 
of  iodine.  This  iodothyrin  gives  no  protein  reaction.  It  is  soluble  in 
dilute  alkali  but  not  in  weak  acids,  and,  indeed,  looks  and  behaves 
somewhat  like  melanin.  It  has  been  found  that  this  substance  has  an 
action  on  goiters,  cretins,  myxoedematous  patients  and  in  modifying  the 
irritability  of  nerves  like  the  action  of  the  gland  itself  but  weaker  than 
the  latter,  if  the  amount  of  action  is  compared  with  the  amount  of 
iodine  in  the  iodothyrin  and  in  the  dried-gland  substance.  That  is  an 
amount  of  iodothyrin  containing  a  milligram  of  iodine  is  less  active  than 
an  amount  of  the  dried  gland  containing  an  equal  amount  of  iodine. 
Computing  its  activity  in  comparison  with  the  iodine  content  it  is  only 
about  one-tenth  as  strong  as  thyreoglobulin  in  rendering  mice  resistant 
to  nitrile  poisoning  (Koch). 

SUPRA-RENAL  CAPSULES. 

Anatomy. — The  supra-renal  capsules  are  two  small  glandular  organs 
lying  like  caps  on  the  upper  poles  of  the  kidneys,  whence  their  name. 
They  are  richly  supplied  with  blood  vessels  and  nerves  and  together 
they  weigh  in  an  average  adult  about  6-7  grams.  In  youth  and  fetal 
life,  in  common  with  most  of  the  glandular  organs  of  the  body,  they  arc 
relatively  larger.  They  are  supplied  with  blood  from  two  small  arteries 
from  the  dorsal  aorta  and  wide,  short  veins  empty  directly  into  the 
inferior  vena  cava  to  which  the  organs  are  closely  attached.  The  amount 
of  blood  passing  through  them  is  very  large  compared  to  their  size.  The 
nerves  which  govern  both  the  blood  vessels  and  the  tissue  of  the  gland 
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itself,  being  both  secretory  and  vasoconstrictor,  come  from  the  two 
splanchnics,  the  left  splanchnic  supplying  only  the  left  gland,  but  the 
right  sending  a  branch  to  the  left  as  well  as  to  the  right. 

Histology. — The  gland  is  composed  of  two  different  kinds  of  tissue, 
making  respectively  the  cortex  and  the  medulla.  The  boundary  between 
these  layers  is  not  sharply  delimited,  strands  of  cortex  tissue  penetrating 
here  and  there  down  into  the  medulla,  particularly  along  the  sympa- 
thetic nerves.  These  two  tissues  differ  in  their  histological,  chemical  and 
physiological  characters  and  in  their  embryonic  origin. 

Cortex.  The  cortex  is  composed  of  three  regions,  an  external  zone, 
a  reticular  and  a  glomerular  zone,  the  differences  between  them  being 
not  sharp.  The  cells  are  arranged  in  a  reticulum  with  blood  spaces 
between.  There  are  no  endothelial  cells  on  these  cell  strings  and  the 
circulation  is  of  that  extra  capillary  kind  described  by  Minot  in  the 
liver  and  characteristic  for  most  invertebrates.  Hence  the  blood  comes 
directly  in  contact  with  the  cells  of  the  tissue.  The  cortex  does  not 
stain  in  bichromate  of  potash  and  the  cells  are  simply  protoplasmic  cells, 
containing  some  vacuoles  and  granules.  During  pregnancy  and  par- 
ticularly just  after  parturition,  this  layer  undergoes,  in  the  guinea  pig, 
a  rapid  cell  proliferation  and  degeneration,  the  significance  of  which  is 
not  yet  understood. 

Medulla.  The  medulla  is  composed,  in  part,  of  nerve  cells,  but  in 
large  measure  of  granular  protoplasmic  cells,  which  are  distinguished 
by  their  staining  yellow  when  the  gland  is  fixed  in  a  solution  of  bichro- 
mate of  potash  and  formol.  This  yellow  stain  is  taken  by  some  other 
cells  also  and  tissue  so  staining  is  called  chromaffine  tissue.  The  stain- 
ing power  appears  to  be  dependent  upon,  or  correlated  with,  the  presence 
of  adrenaline,  the  active  principle  of  the  organ,  since  the  content  of 
adrenaline  and  the  depth  of  stain  rise  and  fall  together.  The  stain  is 
not,  however,  a  peculiar  characteristic  of  adrenaline,  for  other  aromatic 
reducing  bodies  will  probably  be  found  to  give  the  reaction  also.  How- 
ever adrenaline  content  and  chromafSne  reaction  often  go  together. 
Thus  such  tissue  is  found  in  the  poisonous  skin  glands  of  toads  and 
these  contain  an  unusually  large  amount  of  adrenaline.  The  supra- 
renals  have  no  ducts.  If  they  be  called  glands  their  secretion  is  dis- 
charged (cryptorrhesis)  into  the  blood  stream,  so  that  they  are  truly 
organs  of  hidden  flowing. 

Comparative  anatomy. — The  supra-renals  are  found  in  all  classes 
of  vertebrates  and  besides  the  organs  themselves  chromaffine  tissue  is 
found  outside  the  glands.  In  all  the  mammals  the  glands  are  well- 
developed  and  in  monkeys  and  human  beings  they  are  surrounded  with 
strong  capsules.  In  fishes,  in  which  the  pronephros  or  head  kidney 
persists,  chromaffine  tissue  resembling  that  of  supra-renals  is  found 
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in  the  head  end  of  the  kidney.  In  the  frog,  in  which  the  mesonephros 
persists,  the  supra-renals  are  represented  by  small  masses  of  tissue  just 
above  the  kidneys.  In  mammals,  besides  the  supra-renals,  little  accessory 
masses  of  chromafSne  tissue  are  found  along  the  trunk  of  the  great 
sympathetic,  sometitnes  in  the  kidneys  also,  and  one  large  mass  in  par- 
ticular is  called  Zucherkandl's  paraganglion.  Nothing  definite  is  known 
of  the  function  of  these  accessory  masses,  but  they  are  believed  to  act 
as  accessory  medullary  substance.  "Whether  chromaffine  tissue  exists 
in  the  so-called  carotid  gland  is  doubtfxil.  The  quite  general  occur- 
rence of  chromafSne  tissue  outside  the  supra-renals  would  not  be  sur- 
prising if  it  be  true  that  many  cells  normally  form  small  amounts  of 
adrenaline  when  the  nerve  impulses  strike  them,  as  has  been  suggested 
by  Sherrington. 

Embryology. — The  cortex  and  the  medulla  have  different  sources  in 
the  embryo.  The  cortex  is  derived  from  the  mesoderm  which  gives  rise 
to  the  kidney;  the  medullary  portion  contains  many  sympathetic  cells 
and  appears  to  be  a  modified  mass  of  sympathetic  nerve  cells. 

Functions. — The  functions  of  these  small  organs  have  only  been  par- 
tially discovered  and  that  within  the  past  few  years.  As  was  the  case 
in  so  many  of  the  cryptorhetic  tissues,  attention  to  them  was  directed  by 
■  Brown-Sequard,  who  classed  them  as  organs  of  internal  secretion  many 
years  ago  and  stated  that  they  were  essential  to  life.  Pathology  first  in- 
dicated their  function.  It  was  found  that  in  Addison's  disease  the 
autopsy  constantly  showed  lesions  of  the  supra-renal  capsules.  These 
lesions  are  generally  tubercular  in  nature.  The  symptoms  of  this  dis- 
ease are  a  peculiar  bronze  coloration  of  the  skin;  a  marked  lassitude; 
lowered  blood  pressure ;  and  emaciation.  In  no  other  disease  is  this  pig- 
mentation found,  except  in  connection  with  the  supra-renals.  By  this 
observation  a  connection  was  supposed  to  exist  between  skin  pigmen- 
tation, the  general  tone  of  the  body  and  the  supra-renal  capsules. 

Extirpation.  The  consequences  of  extirpating  the  glands  differ  in 
different  animals.  In  man  the  quick  death  following  lesions,  hemor- 
rhages, pus  formation,  etc.,  in  the  glands  leads  us  to  believe  that  their 
absence  could  not  be  long  survived.  They  have  been  extirpated  in 
monkeys.  The  following  protocol  of  one  of  Kahn's  experiments  will 
show  the  general  course  of  events  after  adrenalectomy.  The  extirpation 
is  easier  in  monkeys  than  in  most  animals  because,  in  monkeys,  the 
glands  do  not  lie  so  near  the  vena  cava  and  they  are  encapsulated.  A 
female  Macacus  monkey,  weight  about  2,000  grams  and  fed  on  fruit. 
Right  supra-renal  removed  under  ether  November  9,  1911:  The  wound 
heals  quickly.  On  the  4th  December,  25  days  after  the  operation,  when 
the  weight  was  1,850  grams,  took  out  the  left  supra-renal.  On  the  5th 
the  animal  is  very  well  and  eats  heartily.     On  the  6th  she  eats  with 
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normal  appetite.  Is  active.  There  is  a  little  oedema  at  the  edges  of  the 
wound.  On  the  7th  normal.  On  the  8th  normal,  but  appetite  a  little 
less.  On  the  9th  at  9  a.m.,  is  fairly  weak,  lies  stretched  out  on  the  bot- 
tom of  the  cage ;  no  appetite ;  wound  in  best  state.  At  9 :  12  a.m.,  great 
increase  in  prostration.  Electrical  stimulation  of  the  points  of  exit  of 
the  sciatics  produces  no  effect.  Direct  stimulation  of  muscle  effective. 
Apathetic.  The  eyes  are  open  and  look  about.  At  1 :  45  p.m.,  being 
nearly  moribund,  was  killed  with  chloroform  and  the  liver  examined 
for  glycogen,  only  a  trace  being  found.  The  animal  lived  5  days.  For 
4  days  it  could  not  be  told  from  a  normal  animal.  The  sudden  onset 
of  the  symptoms  of  extreme  depression  has  the  appearance  of  an  in- 
toxication. 

Rabbits  have  an  accessory  paraganglion  on  the  aorta  and  they  sur- 
vive total  extirpation  for  at  least  a  year  without  any  symptoms.  Rats 
also  will  survive  for  about  three  weeks,  but  dogs  and  eats  rarely  live 
more  than  24  hours,  the  symptoms  being  again  those  of  intense  depres- 
sion. It  will  be  noticed  that  the  carnivorous  animals  die  most  rapidly, 
and  that  the  herbivora  die  with  the  same  symptoms  when  their  supplies 
of  glycogen  are  exhausted  and  the  animal  must  presumably  call  upon  its 
protein  for  food. 

The  cause  of  this  sudden  death  is  by  no  means  clear.  The  survival 
of  monkeys  for  4  days  quite  normally  would  seem  to  indicate  that  death 
was  not  due  to  the  sudden  withdrawal  of  something  necessary  for  the 
body.  The  indications  are,  rather,  that  in  the  absence  of  the  supra- 
renals,  poisons,  possibly  protein  degradation  products,  are  formed  or 
not  destroyed.  But  whatever  the  explanation,  there  is  no  doubt  of  the 
fact  that  the  organs  are  essential  to  life  in  most  animals.  The  symptoms 
following  adrenalectomy  are  little,  if  at  all,  alleviated  by  the  injection 
of  extracts  of  supra-renals.  The  extirpation  is  followed  by  the  almost 
complete  disappearance  of  glycogen  in  rats,  dogs  and  monkeys  from 
both  liver  and  muscles.  This  is  a  point  of  some  interest  in  connection 
with  diabetes. 

The  glands  have  a  particular  relation  to  blood  pressure.  Oliver 
and  Schaefer  discovered  that  an  extract  of  these  glands  made  with  0.7 
per  cent.  NaCl,  when  injected  intravenously  into  cats  or  other  mammals, 
causes  a  very  quick,  intense  rise  in  blood  pressure,  the  effect  passing  off 
rapidly.  The  substance  producing  this  action  was  found  to  be  in  the 
medulla  and  not  in  the  cortex.  It  was  isolated  by  Abel  as  a  benzoyl 
compound,  which  he  called  epinephrine,  by  extracting  the  glands  with 
weak  acid  and  benzoylating  the  extract.  Unfortunately  the  crystalline 
substance  Abel  obtained  was  not  the  active  principle  itself,  but  the 
benzoylated  active  principle.  A  benzoyl  group  remained  attached  to  it. 
Aldrich  and  Takamine,  who  followed  Abel,  obtained  the  free  base  which 
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was  named  adrenaline.     Adrenaline  may  be  readily  prepared  by  the 
following  method  (Abel)  : 

The  ground  organs  are  extracted  with  an  equal  amount  of  3.5%  trichloracetic 
acid  in  absolute  alcohol,  shaken  and  filtered.  The  concentrated  filtrate  forms  a  micro- 
crystalline  jreeipitate  of  adrenaline  on  the  addition  of  ammonia.  The  precipitate 
contains  about  10%  of  ash.  ,To  purify  it  the  crystals  in  a  little  water  are  treated 
with  some  oxalic  acid  and  then  alcohol-ether  mixture  added.  The  oxalate  remains 
undissolved.  It  is  converted  into  the  acetate,  taken  up  in  alcohol-ether  and  pre- 
cipitated with  ammonia,    v.  Fiirth  has  another  method. 

Chemical  nature  and  properties  of  adrenaline.  Adrenaline  or 
suprarenin  or  epinephrine,  as  it  is  also  called,  is  dihydroxyphenyl- 
hydroxyethyl-methyl  amine.  It  is  a  derivative  of  pyroeatechin,  with  the 
following  formula : 

HOC  =  CH         H    H 

HOcC,  .ij^C— C— C— NH  ( CH  ) 

C-C  ,      I 

H      H  OHH 

It  is  seen  to  be  related  on  the  one  hand  to  choline,  or  oxyethyl  amine, 
and  on  the  other  hand  to  tyrosine,  of  which  it  is  possibly  a  derivative. 
The  natural  adrenaline  is  levo-rotatory  and  is  far  more  toxic  and  active 
than  the  dextro-synthetie  product.  It  has  been  synthesized.  («)d°= 
— 50.72°  (Abderhalden  and  Guggenheim) ;  — 51.30  (Abel  and  Maeht). 
It  gives  an  emerald  green  in  an  acid  solution  with  ferric  chloride,  and 
carmine  red  in  an  alkaline  solution.  It  is  crystalline  and  precipitated 
from  solution  by  ammonia. 

Adrenaline  is  an  unstable,  weak  base,  decomposing  rapidly  when  in 
solution  in  the  free  form,  but  being  fairly  stable  as  the  dry  free  base  and 
as  the  hydrochloride,  in  which  form  it  is  generally  sold.  Its  decomposi- 
tion is  hastened  by  alkalies  and  light.  It  is  a  reducing  substance  and 
oxidizes  spontaneously,  if  left  in  an  alkaline  solution  exposed  to  oxygen. 
The  oxidation  products  are  physiologically  inactive.  The  d-adrenaline  is 
more  stable.  By  oxidation  with  iodine,  persulphate,  mercuric  chloride 
and  other  oxidizing  agents,  a  red  color  is  formed.  It  is  distinguished 
readily  by  the  green  coloration  it  gives  with  ferric  chloride.  It  is  prob- 
ably the  substance  which  gives  the  yellow  color  to  the  medullary  sub- 
stance when  the  organs  are  fixed  with  bichromate.  It  gives  a  red  color 
with  I2KI  and  HgClj.  It  is  thermostable  in  an  acid  solution.  It  dis- 
solves in  strong  alkali,  NaOH,  and  probably  forms  a  sodium  salt. 

Quantitative  estimation.  The  amount  of  adrenaline  in  the  glands 
may  be  estimated  chemically  by  colorimetric  and  by  physiological 
methods.  The  latter  methods  are  the  more  delicate  and  extremely  small 
amounts  may  be  detected.  For  the  colorimetric  method,  see  page  1010, 
experiment  224.    For  the  physiological  methods,  i.e.,  the  frog  eye,  blood- 
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pressure,  uterus  strip  methods,  reference  must  be  made  to  other  works. 
The  free  base  is  so  active  that  as  little  as  .000002  gram  intravenously 
will  produce  a  noticeable  effect  on  blood  pressure. 

Amount  of  adrenaline  m  the  glands.  Bullock's  supra-renals  contain 
about  0.3  per  cent.  (Abel)  or  0.25  per  cent.  (Hunt)  of  adrenaline. 
Folin,  Cannon  and  Denis  determined  the  amount  in  the  adrenals  of  cats 
to  be  about  0.15  per  cent. ;  in  cattle  and  rabbits,  0.3  per  cent. ;  in  dogs 
and  monkeys,  0.2-0.25  per  cent.  From  human  adults  suddenly  killed 
the  supra-renals  contained,  about  0.1  per  cent. 

Functions  of  adrenaline.  The  discovery  of  the  active  principle  of 
the  gland  has  given  to  the  physician  one  of  the  most  valuable  of  drugs. 
It  is  one  of  the  most  powerful  local  styptics.  It  causes  contraction  of 
the  arterioles  and  it  has  proved  invaluable  in  diminishing  inflammation 
when  a  weak  solution  is  dropped  in  the  eye;  in  reducing  hemorrhages, 
as  in  operations  on  the  nose;  in  checking  oozing  hemorrhages  in  the 
mucosa  of  the  stomach  and  bowels;  in  cases  of  shock  with  low  blood 
pressure  it  stimulates  the  heart  and  raises  blood  pressure  both  by  its 
central  action  on  the  central  nervous  system  and  by  its  peripheral 
action  on  the  blood  vessels.  "When  subcutaneously  injected  in  human 
beings  it  has  been  found  of  great  value  in  asthma.  Here  it  causes  re- 
laxation of  the  muscles  of  the  bronchioles,  upon  which  it  has  a  remark- 
able action  just  the  reverse  of  histamine.  It  has  besides  many  other 
actions.  Injected  intravenously,  and  sometimes  when  injected  sub- 
cutaneously, it  causes  glycosuria;  in  very  minute  doses  it  checks  the 
rhythmic  peristalsis  of  the  intestine.  It  causes  contraction  of  the  preg- 
nant cat's  uterus,  but  not  of  that  of  the  virgin  cat.  In  large  doses  in 
cats  it  causes  the  erection  of  the  hair,  relaxation  of  the  bladder,  dilation 
of  the  iris  and  all  the  symptoms  which  ordinarily  accompany  fright  or 
anger.  It  will  cause  secretion  of  saliva  and  tears,  but  not  of  the  pancreas 
or  stomach.  In  fact  we  may  at  once  say  that  it  acts  pre-eminently  on 
all  the  functions  innervated  by  the  sympathetic  system.  Its  action  on 
any  organ  is  always  the  same  as  is  produced  by  stimulation  of  the  sym- 
pathetic nerves  to  that  organ  and  in  different  animals  the  effect  may 
vary,  since  in  some  stimulation  of  a  sympathetic  nerve  may  cause  activity, 
while  in  others  it  causes  inhibition  of  activity. 

But  while  adrenaline  thus  acts  on  all  the  sympathetic  end  organs, 
its  action  is  not  limited  to  these.  It  is,  as  a  matter  of  fact,  a  general 
protoplasmic  stimulant  and  in  large  doses  it  acts  on  all  cells  of  all  kinds 
of  animals.  Thus  it  checks  the  development  of  eggs  of  all  kinds  and  in 
smaller  doses  produces  monsters;  it  stops  ciliary  movement;  and  may 
poison  the  heart.  It  may  make  processes  of  repair  slow.  But,  never- 
theless, while  thus  acting,  its  main  effect  in  small  doses  is,  as  stated,  on 
the  organs  innervated  by  the  sympathetic  nerves.    It  has,  however,  an 
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action  also  on  skeletal  muscle,  helping  it  to  recover  from  fatigue  and  in 
the  perfused  heart  it  strengthens  the  beat. 

One  of  the  most  interesting  of  the  effects  of  adrenaline  is  its  power 
of  producing  hyperglycsemia,  which  is  nearly  always  accompanied  by 
glycosuria.  This  is  the  case  in  nearly  all  mammals.  At  first  it  was 
believed  that  the  action  was  on  the  pancreas,  a  gland  most  intimately 
connected  with  the  carbohydrate  metabolism  of  the  body.  Herter  re- 
ported that  painting  adrenaline  on  the  pancreas  produced  glycosuria 
very  readily  and  he  and  Richards  described  changes  in  the  islands  of 
Langerhans  as  a  result  of  this  application.  He  and  Wakeman  found 
also  that  the  glucosuria  following  pancreatectomy  disappeared  after 
extirpation  of  the  adrenals.  The  general  result  of  all  the  work  has  been, 
however,  to  indicate  clearly  that  the  substance  acts  by  producing  a 
stimulation  of  the  liver  and  other  cells  analogous  to  that  produced  by 
stimulation  of  the  sympathetic  nerves  (Figure  61).     Claude  Bernard 


Fio.   61. — Section  of  a   lobule  of  mammalian  liver  showing  central   necrosis   of  the 
lobule  produced  by  repeated  injections  of  adrenaline   (Drummond). 


discovered  long  ago  that  puncture  of  the  floor  of  the  fourth  ventricie  of 
the  brain,  the  so-called  sugar  puncture,  was  followed  by  an  immediate 
glycosuria,  particularly  apparent  in  rabbits;  and  shortly  afterwards, 
Eckhard  proved  that  this  only  happened  if  the  splanchnic  nerves  were 
intact  and  if  there  was  glycogen  in  the  liver.  It  has  been  found  by 
MacLeod  that  stimulating  the  splanchnic  nerves  increases  the  per.  cent. 
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of  sugar  in  the  blood.  It  was  not  for  a  long  time  imagined  that  the 
sugar  puncture  could  involve  the  supra-renals,  but  it  was  recently 
suggested  that  possibly  the  splanchnies  caused  glycosuria,  not  by 
direct  action  on  the  liver,  but  indirectly  through  the  action  of  the  nerves 
on  the  supra-renals,  causing  them  to  discharge  more  adrenaline  into 
the  blood  and  so  to  produce  an  adrenaline  glucosuria.  Such,  how- 
ever, is  probably  not  the  ease.  The  amount  of  adrenaline  in  the  blood 
is  too  small  to  produce  such  a  glucosuria.  Furthermore,  MacLeod 
found  that  stimulation  of  the  hepatic  branches  of  the  splanchnies  still 
caused  hyperglycsemia,  whereas  when  the  plexus  about  the  veins  was 
destroyed,  stimulation  of  the  splanchnies  no  longer  had  this  effect.  It 
appears  from  these  experiments  that  two  factors  enter  into  this  hyper- 
glycffimia:  stimulation  of  the  splanchnies  acting  directly  upon  the  liver 
and  causing  glycogenolysis ;  and,  in  the  second  place,  setting  free  adrena- 
line. Adrenaline  appears  to  be  necessary  for  stimulation  of  the  liver 
tissues  by  the  nerves,  either  because  it  acts  upon  the  sympathetic  nerves 
themselves,  or  their  terminations,  increasing  their  excitability  or  their 
effectiveness ;  or  because  by  direct  action  on  the  gland  cells  the  latter  are 
rendered  so  much  more  sensitive  that  they  will  respond  to  nerve  stimula- 
tion ;  or  because  in  some  other  way  the  nerve  is  modified.  It  is  not  im- 
possible, as  suggested  elsewhere,  that  normally  the  nerve  excites  its 
terminal  organ  by  causing  the  formation  in  that  organ  of  either 
adrenaline  or  some  similar  hormone  and  that  the  amount  formed  by 
direct  action  of  the  nerve  is  not  quite  effective  without  the  addition  of 
that  derived  from  the  adrenals.  MacLeod  suggests  that  the  adrenaline 
acts  in  the  same  way  as  the  nerve  stimulation. 

One  of  the  most  interesting  facts  bearing  upon  this  problem  of  the 
manner  in  which  adrenaline  stimulates  is  that  tissues  supplied  by  the 
sympathetic  system  and  which  have  been  denervated  by  cutting  the 
nerves,  or  extirpating  the  ganglia,  become  hypersensitive  to  the  action 
of  the  hormone.  This  is  the  case,  for  example,  in  the  pupil  of  the  eye 
and  is  the  explanation  of  the  so-called  "  paradoxical  "  dilation  of  the 
pupil.  Stimulation  of  the  cervical  sympathetic  nerve  causes  dilation  of 
the  pupil  by  stimulation  of  the  dilator  or  radiating  fibers  of  the  iris.  If 
the  superior  cervical  ganglion  is  removed  on  one  side,  say  the  left,  the 
pupil  on  that  side  at  once  contracts,  owing  to  the  tonic  action  of  the 
sphincter  muscle.  After  a  few  days,  however,  if  a  little  adrenaline  is 
injected  subcutaneously,  or  intravenously,  it  will  be  found  that  the 
pupil  of  the  operated  side  suddenly  dilates,  whereas  that  of  the  normal 
side  does  not.  Furthermore,  if  the  cat  is  excited,  or  frightened,  or 
etherized,  dilation  of  the  pupil  on  the  operated  side  occurs  before  that 
of  the  other  side.  This  experiment  was  at  first  supposed  to  mean  that 
the  sympathetic  carried  inhibitory  as  well  as  stimulatory  fibers  to  the 
iris,  but  was  recognized  by  Langley  as  due  to  hyperexcitability  and 
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has  been  carefully  studied  by  Anderson.  The  hyperexcitability  of 
denervated  tissue  is  not  confined  to  the  iris,  but  all  denervated  tissue 
ordinarily  supplied  by  the  sympathetic  becomes  hypersensitive  to 
adrenaline  after  degeneration  of  its  nerves.  This  fact  has  not  yet  been 
explained,  but  it  may  possibly  be  due  to  lack  of  function  rendering  the 
cell  temporarily  more  unstable.  There  is  perhaps  an  accumulation  in 
the  cell  of  substances  with  which  the  adrenaline  usually  unites  to 
produce  its  action,  and  hence  the  cell  is  more  than  usually  sensitive. 
Possibly  the  so-called  paralytic  secretions  which  occur  after  division  of 
gland  nerves  may  have  a  similar  explanation. 

This  fact  of  the  hypersensitiveness  of  denervated  tissue  may  be  made 
use  of  in  detecting  the  presence  of  minute  quantities  of  adrenaline  in 
the  blood.  Thus,  during  anesthesia  of  a  cat,  the  pupil  of  the  side 
on  which  the  cervical  ganglion  has  been  previously  taken  out  dilates 
widely,  whereas  the  normal  one  does  not.  This  indicates  the  presence 
of  adrenaline  in  small  amounts  in  the  blood  at  the  beginning  of  anes- 
thesia, a  deduction  confirmed  by  other  experiments  of  which  we  shall 
shortly  speak.  Section  of  the  splanehnies  a  few  days  before  renders 
rabbits  more  easily  glycosuric  on  adrenaline  injection.  Similarly  the 
difference  in  behavior  of  the  virgin  and  pregnant  uterus  may  also  be 
thus  explained.  Adrenaline  added  to  blood  intensifies  the  absorption 
bands  of  oxyhemoglobin.     (Menten.) 

The  parathyroid  glands  have  functions  in  many  ways  complementary 
to  the  supra-renals.  The  absence  of  the  parathyroids  renders  the  or- 
ganism very  resistant  to  adrenaline.  No  longer  will  glycosuria  appear 
on  its  injection  and  the  various  symptoms  of  adrenaline  poisoning  re- 
quire much  heavier  doses  for  their  production. 

That  the  supra-renal  glands  are  constantly  discharging  adrenaline 
into  the  blood  stream  is  now  hardly  doubtful.  Thus  Dreyer  first  showed 
that  stimulation  of  the  splanehnies  made  the  blood  from  the  supra-renal 
veins  more  active  in  raising  blood  pressure  than  it  was  before ;  this 
observation  has  now  been  confirmed  both  by  direct  and  indirect  experi- 
ment. During  anesthesia  the  glands  are  very  largely  drained  of  their 
adrenaline,  as  is  shown  by  making  extracts  of  the  gland  at  the  end  of 
anesthesia  and  comparing  the  amount  of  adrenaline  with  that  found  in 
similar  normal  non-anesthetized  glands,  and  it  is  also  shown  by  the  loss 
of  the  chromaffine  reaction  in  the  anesthetized  gland.  This  discharge 
of  the  adrenaline,  which  is  physiologically  so  important,  is  due  to  a 
central  stimulation,  since  after  section  of  the  splanchnic  nerves  it  no 
longer  takes  place.  During  anger  or  fright,  in  cats  at  any  rate,  a  sub- 
stance having  the  properties  of  adrenaline  is  discharged  into  the  blood 
in  more  than  normal  amounts  and  may  be  detected  in  the  vena  cava 
blood  at  the  level  of  the  supra-renal  veins.  The  dilation  of  the  pupil, 
erection  of  the  hairs,  etc.,  are  all  produced  by  adrenaline.     The  dis- 
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charge  may  be  so  pronounced  that  a  glucosuria  may  be  produced,  a 
glucosuria  which  does  not  occur  if  the  glands  are  extirpated,  or  if  one 
gland  is  extirpated  and  the  veins  of  the  other  temporarily  compressed, 
so  that  the  secretion  cannot  get  into  the  general  blood  stream.  These 
observations  are  of  the  greatest  interest  as  indicating  the  remarkable 
participation  of  the  glands  in  the  emotions.  It  must  not  be  incorrectly 
inferred,  however,  that  the  emotion  of  fright  depends  on  the  supra- 
renal glands,  or  that  the  manifestation  of  this  emotion  necessarily  so 
depends.  The  fact  is  probably  quite  otherwise.  The  central  nervous 
system  is  responsible  both  for  emotion  and  for  the  stimulation  of  the 
sjnnpathetic  system,  only  the  sympathetic  stimulates  the  supra-renals 
to  secrete  adrenaline,  which  in  its  turn  makes  the  sympathetic  innerva- 
tion more  efficacious.  It  is  like  a  process  of  autoeatalysis ;  the  sympathetic 
system,  as  it  is  stimulated,  automatically  raising  the  efficacy  of  its  own 
stimulation.  Similar  processes  probably  obtain  in  the  nervous  system 
itself,  and  are  concerned  in  the  matter  of  learning  and  habit  formation, 
processes  which  also  resemble  autoeatalysis. 

The  amount  of  adrenaline  in  the  supra-renals  varies  at  different 
ages  and  in  different  conditions  of  health.  It  is  found  in  large  amounts 
in  those  young  animals  born  in  an  advanced  age,  such  as  lambs,  colts 
and  calves.  These  animals  are  able  to  run  about  when  born  and  their 
adrenals  contain  normal  quantities  of  adrenaline.  In  human  beings  this 
is  not  the  case.  Some  observers  have  not  found  adrenaline  in  children's 
adrenals  except  in  very  small  amounts  up  to  one  year  of  age.  But  it 
must  be  remembered  that  disease  may,  in  these  cases,  have  caused  a 
discharge,  or  diminution,  before  birth  or  before  death.  A  man  and  a 
horse  are  not  at  the  same  physiological  age  at  birth.  In  comparison 
with  their  total  span  of  life  a  horse  is  as  old  at  birth  as  a  human  being 
at  two  years.  And  a  child  at  birth  is  as  old  physiologically  as  a  horse 
fetus  at  four  months. 

The  amount  of  adrenaline  in  the  glands  is  greatly  reduced  in  poison- 
ing by  phosphorus,  arsenic,  and  mercury. 

Conclusion. — The  supra-renal  glands  then  have  the  very  important 
function  of  manufacturing  and  secreting  into  the  blood  stream  the  active 
principle  adrenaline.  This  substance  is  1,  2,  dihydroxyphenyl,  4, 
hydroxyethyl  methyl  amine. 
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This  substance  is  presumably  formed  from  tyrosine,  or  phenyl  alanine, 
though  there  is  as  yet  no  direct  proof  of  this.  A  3.4  dioxyphenyl 
alanine  has  recently  been  isolated  by  Guggenheim  from  Vicia  faba. 
Substances  of  a  similar  nature  are  found  elsewhere  in  the  animal  king- 
dom than  in  the  supra-renal  glands.  Chromaffine  tissue  is  found  in  the 
skin  glands  (parotid  gland)  of  poisonous  toads  and  much  adrenaline  is 
found  there  also  (Abel  and  Macht  in  Bufo  agua).  In  ergot  one  of  the 
active  principles  is  hydroxyphenylethylamine  or  tyramine : 
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This  would  appear  to  be  an  intermediate  product  in  the  formation  of 
adrenaline.  This  substance  is  formed  from  tyrosine  by  carboxylase 
splitting  off  carbonic  acid.  By  oxidation  and  methylation  this  substance 
may  be  made  into  adrenaline.  Similar  substances,  called  by  Kutscher 
by  the  group  name  aporrhegmas,  are  formed  from  other  organs  of  the 
body  and  many  of  them  are  physiologically  very  active.  It  has  been 
suggested  that  adrenaline,  or  related  substances,  may  be  formed  in  all 
cells  on  the  advent  of  the  nerve  impulse  and  that  it  is  by  means  of  these 
active,  or  hormone,  substances  that  the  cell  is  roused  to  activity.  Adren- 
aline is  an  unstable,  easily  oxidized  substance,  passing  readily  into  a 
reddish  and  brown  pigment  matter.  It  is  secreted  into  the  blood  stream 
from  the  glands  and  its  function  appears  to  be  to  reinforce  the  action 
of  the  sympathetic  nervous  system,  thus  increasing  vasomotor  tone,  sym- 
pathetic tone,  the  tone  of  the  digestive  system,  the  bladder  and  uterus, 
and  all  other  structures  innervated  by  the  sympathetic.  It  may  also 
act  on  tissues  not  innervated  by  the  sympathetic,  but  in  small  amounts 
its  action  is  confined  chiefly  to  that  system.  It  also  affects  the  central 
nervous  system  and  it  may  play  a  part  in  the  saturation  of  oxyhemo- 
globin. Its  powerful  action  in  dilating  the  bronchioles  and  the  fact  that 
it  is  discharged  into  the  inferior  vena  cava  and  in  greatest  amounts 
during  anesthesia,  fright,  exertion,  etc.,  when  the  need  for  oxygen  is 
greatest,  indicates  that  its  main  physiological  action  is  upon  the  right 
heart  and  lungs. 

The  action  of  the  supra-renals  cannot,  however,  be  said  to  be  com- 
pletely elucidated  by  these  striking  facts.  We  have  as  yet  no  satisfac- 
tory explanation  of  the  sudden  death  of  carnivorous  animals  following 
their  extirpation  and  the  later  death  of  other  animals.  These  have  all 
the  symptoms  of  an  intoxication,  and  the  injection  of  adrenaline  has 


678  PHYSIOLOGICAJ.    CHEMISTRY 

very  little  action  in  prolonging  their  life.  It  is  not  probable  that  death 
is  the  result  of  the  lack  of  production  of  adrenaline.  The  complete  loss 
of  general  irritability,  skeletal  as  well  as  that  of  the  sympathetic  sys- 
tem, is  too  great  to  be  thus  explained.  The  result  might  be  indirect.  It 
is  certainly  possible  that  other  factors  come  into  play;  the  glands  may 
have  a  detoxieating  action.  Further  work  on  the  cause  of  death  follow- 
ing adrenalectomy  is  needed ;  nor  is  there  any  explanation  of  the  pigmen- 
tation of  the  skin  in  Addison's  disease. 

The  functions  of  the  cortex  of  the  gland  are  still  entirely  obscure. 
It  has  only  a  slight  action  on  blood  pressure,  extracts  causing  a  light 
fall.  In  fetal  life  the  cortex  is  most  developed  and  in  the  guinea  pig  it 
undergoes  marked  hypertrophy  during  pregnancy,  followed  by  rapid 
retrogression  after  birth.  It  has  been  suggested  that  it  elaborates  the 
early  stages  of  adrenaline,  but  this  is  not  substantiated  by  any  evidence. 
Nothing,  in  fact,  is  known  of  its  function.  It  is,  of  course,  not  impossible 
that  the  adrenaline  is  made  in  the  cortex  and  stored  in  the  medullary 
cells.  These  medullary  cells  are  modified  sympathetic  nerve  cells  and 
they  may  have  been  elaborated  to  act  simply  as  storehouses  for  adrena- 
line, this  substance  having  always  a  marked  predilection  for  sympathetic 
tissue.  Something  analogous  to  this  appears  to  be  the  case  in  the 
hypophysis.  Pituitrine  is  found  chiefly  in  the  posterior  lobe,  which  is 
nervous  tissue,  but  there  are  some  reasons  for  thinking  that  it  may  be 
made  in  the  anterior  lobe,  which  is  glandular  in  nature.  This  matter, 
however,  will  need  further  investigation.  Pituitrine  resembles  epine- 
phrine closely  in  its  action,  but  appears  in  many  ways  more  nearly  like 
d-adrenaline  than  the  physiological  1-adrenaline. 

Besides  producing  adrenaline  the  supra-renals  are  remarkable  chem- 
ically because  of  their  very  large  lipin  content.  They  contain  more 
phospholipins,  and  other  lipins  of  the  general  nature  of  those  found  in 
the  central  nervous  system,  than  any  other  non-nervous  tissue  of  the 
body.    They  have  also  a  very  intense  metabolism. 

THE  SEXUAL  GLANDS. 
That  the  ovaries  and  the  testes  have  a  very  marked'  effect  on  the 
growth  and  metabolism  of  the  body  has  long  been  known.  Indeed,  these 
were  the  first  tissues  of  which  the  eryptorrhetic  powers  were  generally 
recognized.  Castration  has  been  practised  for  a  very  long  time  with 
the  purpose  of  modifying  the  body  form  and  temperament.  That  the 
effects  were  not  due  simply  to  cutting  the  nerves  was  easily  shown. 
The  reproductive  organs  give  off  either  from  the  germ  or  interstitial  cells 
substances  which,  circulating  in  the  blood,  change  the  growth  of  the  horns 
and  bones  in  cattle,  the  development  of  the  hair  and  mammary  glands 
and  genitals  in  human  beings,  and  profoundly  modify  the  general  psycho- 


THE    CEYPTORRHETIC   TISSUES  679 

logical  properties.    There  are  a  large  number  of  so-called  secondary  sexual 
characters  which  depend  upon  the  internal  secretions  of  these  organs. 

The  nature  of  the  secretions  thus  formed  is  unknown,  and  this  book 
is  already  so  long  that  we  can  give  no  more  here  than  a  brief  notice 
of  some  of  the  recent  interesting  work  in  connection  with  the  corpus 
luteum.  It  will  be  remembered  that  when  an  ovum  is  discharged  from 
the  Graafian  follicle  of  the  ovary  there  is  formed  what  is  known  as  the 
corpus  luteum,  a  yellow,  glandular  structure  which  after  a  time 
atrophies.  It  has  been  found  that  the  extract  of  this  corpus  luteum 
determines  the  growth  of  the  mammary  glands  which  occurs  during 
pregnancy.  In  some  animals  the  ova  are  only  discharged  and  corpora 
lutea  formed  after  copulation.  If  copulation  is  performed  by  a  sterilized 
male,  so  that  pregnancy  does  not  follow,  the  corpora  lutea  are  formed 
as  usual.  The  other  symptoms  of  pregnancy  follow,  although  there 
is  no  pregnancy.  Thus  dogs  and  cats  will  in  such  cases  develop  milk 
in  the  mammary  glands,  often  they  will  proceed  to  prepare  a  nest 
for  the  litter.  Marsupials,,  in  similar  conditions,  show  some  of  the  same 
phenomena ;  they  have  been  observed  to  clean  out  the  pouch  at  the  time 
when  the  young  should  normally  appear.  If,  on  the  other  hand,  the 
corpora  lutea  be  taken  out,  then  these  symptoms  do  not  follow. 

It  seems  probable  that  the  corpora  lutea  play  a  very  important  part 
also  in  preparing  the  uterus  for  the  fixation  of  the  ovum.  It  is  pos- 
sible that  extracts  of  the  corpus  luteum  might  be  of  value  in  checking 
abortion,  or  in  aiding  the  implantation  of  the  ovum.  It  has  no  relation 
to  estrus. 

That  the  ovary  has  also  a  very  close  relationship  to  the  skeletal 
system  is  indicated  by  the  healing  effects  of  ovariotomy  in  osteomalacia, 
and  by  the  large  size  of  the  bones  of  castrated  cattle. 

Owing  to  the  uncertainty  of  the  interpretation  of  many  of  the  facts, 
however,  a  further  discussion  of  this  extraordinarily  important  subject 
will  not  be  taken  up  here.  It  is  not  impossible  that  the  further  study 
of  this  subject  may  confirm  or  demolish  some  of  the  present  theories 
of  inheritance. 

THYMUS  GLANDS. 

These  glands  also  are  cryptorrhetic  organs,  but  their  function  is 
still  unknown,  or  at  least  there  is  little  that  is  clear-cut  and  definite 
to  say  about  them.  By  many  observers  they  have  been  brought 
into  relation  with  the  growth  of  the  bones  and  the  calcium  excretion, 
but  the  evidence  is  contradictory.  From  a  chemical  point  of  view  they 
are  remarkable  for  their  richness  in  nuclear  material.  The  chemistry 
of  the  nucleic  acid  and  histone  found  in  them  has  already  been  dis- 
cussed elsewhere.  That  they  have  an  important  function  in  the  young 
animal  can  hardly  be  doubted. 
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PINEAL  GLAND. 
This  is  also  a  rudimentary  organ  in  the  brain  corresponding  in  a 
general  way  on  the  upper  surface  to  the  hypophysis  on  the  lower. 
The  function  of  this  organ  is  still  unknown,  but  it  appears  to  be  closely 
related  to  the  sexual  organs.  Tumors  involving  the  pineal  body  are 
often  accompanied  by  an  extraordinarily  early  development  of  sexual 
maturity  with  all  the  secondary  sexual  characters.  Somewhat  similar 
observations  have  been  made  for  tumors  involving  the  cortical  parts 
of  the  supra-renals.  Feeding  pineal  glands  to  young  chicks  or  guinea 
pigs  accelerates  their  development  (McCord). 
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CHAPTER  XVII. 
THE  EXCRETIONS  OP  THE  BODY. 

THE   UEINE. 

It  will  appear  from  the  account  which  has  been  given  of  the  chem- 
istry of  the  diiferent  tissues  of  the  body  how  fragmentary  is  our 
knowledge  of  the  chemical  transformations  undergone  by  the  food  mate- 
rials after  their  absorption.  For  example,  the  simple  proteins  of  the 
foods  are  reduced  by  digestion  to  the  amino-acids.  Some  of  these  amino- 
aeids  are  deamidized  by  the  action  of  bacteria,  or  the  enzymes  of  the 
alimentary  mucous  membrane.  The  amino-acids  enter  the  blood  of  the 
portal  system  partly  as  amino-acids,  partly  as  ammonia  and  ketonic 
acids,  and  to  some  extent  possibly  in  other  decomposition  products  not 
yet  recognized.  In  the  blood  they  circulate  dissolved  in  the  plasma  and 
as  they  pass  the  various  tissues  each  tissue  removes,  it  is  believed,  those 
amino-acids  in  the  quantity  which  it  needs  for  its  own  metabolism;. and 
it  builds  up  its  own  protein  from  them.  It  remains  for  physiological 
chemistry  to  follow  the  subsequent  fate  of  these  amino-acids  through 
the  complex  chemistry  of  each  organ  of  the  body,  discovering  what 
proportion  is  synthesized  into  the  cell  proteins;  how  rapidly  they  are 
broken  up  and  what  decomposition  products  arise  from  them;  and  fol- 
lowing, also,  the  fate  of  the  amino-acids  not  synthesized  into  protein, 
but  broken  up  directly  by  the  cell  into  products  of  great  importance  to 
the  cell  or  its  neighbors.  This  task,  however,  is  beyond  our  powers  at 
present  and  is  indeed  a  vastly  difficult  task,  since  each  organ  has  a  dif- 
ferent metabolism  and  must  be  studied  by  itself.  We  know  scarcely 
anything,  for  example,  about  the  chemical  composition  of  many  of  these 
organs  and  particularly  little  about  the  master  tissue  of  the  body,  the 
nervous  system,  so  that  we  cannot  proceed  directly  to  each  organ  and 
describe  just  what  chemical  changes  occur  in  it.  We  must  of  necessity 
take  a  roundabout  course  and  follow  the  path  which  the  science  has 
actually  followed  in  its  development.  Having  traced  the  foods  into 
the  blood,  the  internal  medium  of  the  body,  we  turn  to  see  in  what  form 
the  various  substances,  nitrogen,  carbon,  hydrogen  and  oxygen,  leave  the 
body;  and  by  working  backward  from  the  excretions  gradually  narrow 
down  the  problem  to  the  metabolism  of  the  various  organs.  We  shall 
turn  now  to  study  the  composition  of  the  various  excretions  of  the  body. 
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These  excretions  are  those  of  the  kidneys,  the  skin,  the  lungs  and  the 
alimentary  canal. 

The  total  amount  of  the  excretory  material  varies  with  the  amount 
of  food  and  drink  consumed  and  the  amount  of  work  done.  By  refer- 
ence to  the  metabolism  experiment  on  page  292  it  will  be  seen  that  a  man 
doing  pretty  hard  muscular  work,  so  that  he  expends  5,500  calories  of 
energy  per  day,  excreted  about  1,000  c.c.  of  water  per  day  in  his  urine, 
about  240  c.c.  per  day  in  the  feces,  and  about  4,000  grams  per  day  in 
the  respiration  and  perspiration.  The  total  output  of  water  amounted, 
therefore,  to  about  5,240  grams  per  day.  For  a  person  not  working  the 
amount  is  less  than  this  and  about  3,000  c.c.  The  relative  loss  through 
the  lungs  and  skin  can  be  determined  by  the  veiy  ingenious  method  of 
Lombard.  He  placed  a  man  naked  on  one  pan  of  a  delicate  balance,  the 
opposite  pan  of  which  had  a  lever  attached  to  it  so  that  it  traced  a  curve 
on  a  moving  drum  covered  with  smoked  paper.  Under  these  circum- 
stances, of  course,  since  the  man  is  constantly  losing  weight  by  the 
evaporation  of  water  from  the  skin  and  by  the  exhalation  of  water  and 
carbon  dioxide  by  the  lungs,  he  grows  constantly  lighter  and  the  pointer 
traces  a  fairly  uniform  falling  line  on  the  revolving  drum.  The  man 
visibly  evaporates  before  one's  eyes.  The  loss  in  this  case  is  bnfh  by 
the  skin  and  lungs.  The  slope  of  the  curve  tells  how  rapidly  the  change 
of  weight  is  occurring.  Now  while  this  curve  is  being  taken,  if  the  man 
simply  holds  his  breath  there  is  no  longer  any  loss  through  the  lungs, 
but  there  is  a  continuous  loss  through  the  skin.  The  slope  of  the  curve 
for  this  period  shows  how  rapid  the  loss  is  through  the  skin  alone.  By 
this  means  and  by  other  experiments  it  has  been  found  that  by  respira- 
tion there  is  lost  about  30  per  cent,  of  the  total  water,  by  the  skin  17  per 
cent,  and  by  the  urine  about  50  per  cent.  These  figures  are  subject  to 
wide  variation.  In  the  experiment  just  quoted  the  loss  through  the  skin 
and  lungs  was  at  least  double  that  through  the  urine,  and  it  may  be  a 
still  larger  proportion  during  exercise  on  a  hot  day.  In  the  lungs  there 
is  lost,  also,  about  1,700  grams  of  carbon  dioxide  per  day.  "Water  and 
carbon  dioxide  pass  out,  then,  in  large  measure  through  the  lungs.  The 
skin  carries  out  chiefly  the  water  in  the  perspiration ;  but  there  are  also 
present  some  salts  and  some  nitrogen  substances,  such  as  urea.  The 
amount  of  nitrogen  lost  through  the  skin  is  variously  estimated.  It  is 
generally  determined  by  collecting  the  perspiration  in  some  form  of 
cotton  underclothing,  washing  this  out  and  determining  the  amount 
of  nitrogen  in  the  wash  water.  The  method  is  not  exact.  The  nitrogen 
loss  through  the  skin  is  undoubtedly  larger  in  hot,  dry  climates  than  in 
moist,  cold  ones.  It  may  be  estimated  as  about  one-half  gram  of  nitro- 
gen daily,  but  it  may  be  nearly  a  gram  a  day.  The  feces  have  been  con- 
sidered already.    They  contain  on  the  average  about  1-2  grams  of  nitro- 
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gen  per  day.  All  the  rest  of  the  nitrogen  excreted,  except  small  por- 
tions lost  in  hair  and  the  wear  of  the  skin,  passes  through  the  kidneys 
into  the  urine.  It  is  this  fact  which  makes  the  urine  of  such  great 
interest.  The  urine  also  contains  various  carbon  compounds  free  from 
nitrogen  and,  in  small  quantities,  a  great  number  of  substances  which 
have  escaped  from  the  metabolism  of  the  body.  The  composition  of  these 
substances  is  often  of  great  interest  because  of  the  light  they  throw  on 
the  intermediate  metabolism  of  the  body. 

The  urine. — The  urine  is  secreted  by  the  kidneys.  In  man  and  mam- 
malia these  are  two  organs,  more  or  less  ellipsoidal  in  shape,  weighing 
in  male  adults  about  130  grams  each,  situated  on  each  side  of  the  spinal 
column,  behind  the  peritoneum  at  about  the  level  of  the  first  three 
lumbar  vertebrae.  They  are  of  mesodermie  origin  and  develop  in  em- 
bryonic life  from  the  genito-urinary  ridge,  a  ridge  of  mesoblastie  tissue 
extending  from  head  to  tail.  They  are  very  long  organs  in  the  lowest 
fishes,  extending  nearly  the  length  of  the  body  cavity  from  far  forward 
in  the  head;  and  are  called  pronephros  or  head  kidneys.  In  amphibia 
the  middle  region  of  the  ridge  gives  rise  to  the  kidneys,  which  are  called 
the  mesonephros,  and  in  mammalia  only  the  posterior  region  or  caudal 
portion  thus  develops  into  a  more  compact  organ,  the  metanephros  or 
true  kidneys.  In  the  invertebrates  somewhat  similar  excretory  organs 
are  the  segmental  nephridia  of  the  annelids  and  arthropods.  The  kid- 
neys lie  very  close  to  the  dorsal  aorta,  receiving  an  unusually  large 
amount  of  blood  by  very  large,  short,  straight  arteries  which  deliver  the 
blood  under  high  pressure  into  a  number  of  capsules  of  capillaries,  each 
capsule  inclosed  in  a  very  fine  endothelial  membrane.  The  resistance 
to  the  flow  in  the  capillaries  must  be  high.  The  glomerulus  is  supposed 
to  function  as  a  filtering  apparatus  (see,  however,  the  recent  work  of 
Brodie)  and  from  it  a  large  amount  of  liquid  containing  salts  and  other 
soluble  constituents,  and  at  times  protein,  is  believed  to  be  filtered  into 
the  head  of  the  kidney  tubule.  From  these  glomeruli  the  filtrate  passes 
along  contorted  tubules,  the  kidney  tubules,  making  up  the  greater  part 
of  the  kidney  substance  and  which  are  lined  by  epithelial  cells,  which 
are  supposed  to  secrete  the  various  nitrogenous  and  other  constituents 
of  the  urine  and,  perhaps,  to  reabsorb  some  of  the  water.  It  cannot  be 
said,  however,  that  the  mechanism  of  secretion  of  the  urine  is  as  yet 
in  many  particulars  clear.  The  secretion  is  under  the  control  of  the 
blood  flow ;  a  more  rapid  blood  flow,  a  higher  pressure  in  the  glomeruli, 
other  conditions  remaining  normal,  is  accompanied  by  a  higher  secretion 
of  urine. 

Amount.  The  amount  of  urine  secreted  per  day  is  extremely  vari- 
able for  different  individuals,  depending  on  diet,  external  temperature, 
amount  of  water  drunk  and  on  the  constitution  of  the  individual.    Thus 
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in  warm  weather,  or  when  a  restricted  diet  is  being  taken  or  little  water 
drunk,  it  may  be  as  little  as  600-700  c.e.  per  day.  In  cold  weather  it  is 
always  larger  and  also  on  a  heavy  diet.  An  average  abstemious  Ameri 
can  student  in  the  Northern  States  secretes  about  1,200-1,500  c.c.  per 
day.  The  drinking  of  tea,  coffee  or  beer  increases  the  amount  in  part 
because  of  the  fluid  they  contain,  and  in  part  because  of  the  presence 
of  diuretics  in  these  beverages.  Some  individuals,  generally  of  a  nerv- 
ous temperament,  secrete  larger  amounts,  from  2,000-3,000  c.c.  The 
cause  of  this  mild  polyuria  (diabetes  insipidus)  is  still  obscure,  but  it 
may  be  produced  artificially  by  some  injury  to  the  part  of  the  brain 
about  the  infundibular  body.  It  may  be  due  to  slight  pressure  in  this 
region. 

Specific  gravity.  The  specific  gravity  varies  usually  inversely  with 
the  amount  secreted  from  1.008-1.030.  The  color  is  generally  a  darker 
yellow,  or  brown  the  more  concentrated  the  urine.  In  polyuria,  hys- 
teria and  some  neryous  affections  the  urine  is  often  almost  colorless. 

Reaction.  Normal  human  urine  is  usually  acid  to  litmus,  though  it 
may  at  times  be  alkaline.  It  is  most  acid  on  a  meat  diet ;  on  a  vegetable 
diet  it  may  be  neutral  or  alkaline.  Its  acidity  is  greatly  reduced  during 
the  secretion  of  the  gastric  juice  in  the  stomach  during  digestion,  so 
that  shortly  after  a  meal  an  alkaline  reaction  may  be  had.  There  is  at 
that  time  an  alkaline  tide  in  the  body  due  to  the  separation  of  the 
hydrochloric  acid  (page  376).  The  urine  of  carnivorous  animals  is 
usually  acid;  that  of  herbivorous,  such  as  cows  and  horses,  is  alkaline 
except  during  fasting,  when  it  may  be  acid.  The  reason  why  the  urine 
is  acid  when  on  a  meat  diet  and  alkaline  on  a  herbivorous  is  that  in 
protein  there  occur  sulphur  in  an  unoxidized  condition,  and  esters  of 
phosphoric  acid  in  nucleic  acid,  phosphoproteins  and  in  lecithin.  Dur- 
ing metabolism  these  are  oxidized  to  sulphuric  acid  or  set  free  as  phos- 
phoric acid.  It  is  this  acidity  which  accounts  for  the  acidity  of  the 
urine.  Nitrogen  from  the  proteins  is  eliminated  in  the  unoxidized  form 
as  urea,  for  the  most  part,  but  this  is  a  very  weak  base,  practically  neu- 
tral in  reaction,  and  hence  not  capable  of  neutralizing  the  acid  pro- 
duced. There  are  also  some  organic  acids  formed  from  the  oxidation 
of  parts  of  the  protein,  such  as  phenyl  acetic  acid,  benzoic  acid,  uric 
acid,  urocanic  acid  and  so  on,  which  also  contribute  to  the  urine  acidity. 

The  alkaline  reaction  of  the  urine  of  herbivorous  animals  is  owing  to 
the  fact  that  vegetables  and  fruits  contain  acid  salts  of  dibasic  acids, 
or  polybasic  acids,  or  other  carboxylic  acids,  such  as  acid  potassium 
malate,  citrate,  acetate,  tartrate  and  so  on.  On  oxidation  in  the  body 
these  are  burned  to  carbonates.  Some  of  the  carbonic  acid  finds  its 
exit  through  the  lungs,  leaving  the  associated  base,  generally  sodium 
or  potassium,  with  the  very  weak  acid,  carbonic  acid,  to  find  its  way  into 
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the  urine.  The  carbonates  have  an  alkaline  reaction  owing  to  their  form- 
ing some  free  alkali  by  hydrolysis.  It  seems  paradoxical  at  first  sight 
that  by  drinking  an  acid  citrate  the  urine  should  be  made  alkaline,  but 
it  is  explained  in  the  way  just  stated. 

The  amount  of  acid  which  can  be  titrated  in  the  urine  by  alkalies 
with  phenolphthalein  as  an  indicator  amounts  in  a  day  to  the  equiva- 
lent of  from  150-400  c.c.  of  N/10  acid.  It  is  about  equivalent  to  N/40th 
acid  by  titration.    It  varies  greatly  and  is  often  less  than  this. 

The  real  acidity  of  the  urine,  that  is  the  number  of  the  hydrogen 
ions  it  contains,  can  be  determined  either  by  the  gas-chain  method 
described  on  page  539  or  by  the  indicator  method.  A  recent  extensive 
investigation  of  the  acidity  by  the  latter  method  by  Henderson  has 
shown  that  the  acidity  is  about  equal  to  NX10~*  hydrogen  ion.  It  may, 
for  short  periods,  rise  to  about  NX10~^-^  or  become  as  alkaline  as 
NXlO"''*-  As  a  rule  the  total  acidity  as  determined  by  titration  and 
the  concentration  of  the  hydrogen  ions  go  parallel.  This  may  be  seen, 
for  example,  in  the  following  case: 

Case  No. 


Amount  c.c. 

H' 

Acid  c.c. 

NH3  c.c. 

N/10 

Total  acidity 

Acidity 

urine 

Ph) 

N/10 

c.c  N/10 
acid 

NH3 

1000 

6.0 

222 

360 

582 

0.62 

820 

5.5 

410 

600 

1010 

0.68 

1100 

6.3 

195 

390 

585 

0.50 

1500 

5.7 

315 

535 

850 

0.59 

1140 

6.0 

150 

290 

440 

0.52 

It  will  be  observed  that  when  the  hydrogen  ion  concentration  is  great- 
est and  NX10~^-®  the  total  acidity  is  highest,  i.e.,  1010. 

There  are  no  chara,cteristic  variations  of  the  acidity  in  disease  thus 
found,  except  that  in  eardio-renal  disease  the  mean  acidity  is  somewhat 
higher  than  normal,  H  ion=NXlO~^-^*,  but  this  is  not  higher  than  may 
occur  in  normal  urine.  It  appears  to  be  easier  to  develop  high  acidity 
in  disease  than  greater  alkalinity.  This  may  be  due  to  the  fact  that 
in  serious  disease  the  diet  is  generally  restricted  and  the  patient  may 
become  more  purely  carnivorous,  the  body  calling  on  its  own  reserves. 
While  all  the  acids  of  the  urine  contribute  to  this  acidity,  phosphoric 
acid,  on  account  of  its  greater  quantity,  predominates  in  producing  the 
effect.  It  is  a  weak  acid  and  such  strong  acids  as  sulphuric  will  satisfy 
themselves  at  the  expense  of  any  alkali  metal  bound  to  the  phosphoric 
acid. 

In  case  the  total  acidity  is  increased,  the  ammonia  generally  rises, 
but  not  always  proportional  to  the  amount  of  acid  produced.  The 
amount  of  protein  eaten,  or  other  variations  in  the  diet,  such  as  the 
amount  of  fruit  and  so  forth,  determine  whether  the  acid  produced  will 
be  neutralized  more  by  ammonia  or  by  the  fixed  alkalies. 

By  the  ingestion  of  acid  and  bicarbonates  the  acidity  of  the  urine 
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may  be  either  increased  or  diminished.  Four  hours  after  the  ingestion 
of  10  grams  of  monosodium  phosphate  the  acidity  of  the  urine  had  risen 
from  NX  10"®''  to  NX10~^-^  in  an  experiment  by  Henderson  and 
Palmer.  In  one  experiment  12  grams  of  sodium  bicarbonate  were 
ingested  at  10.00  a.m.  when  the  acidity  of  the  urine  was  NXlO""^-*".  At 
12  o'clock  the  acidity  had  fallen  to  NXlO"®™-  The  urine  was 
then  strongly  alkaline.  It  remained  at  this  alkalinity  for  several 
hours. 

Osmotic  pressure  of  the  urine.  The  osmotic  pressure  of  the  urine  is 
much  higher  than  that  of  the  blood.  This  means  that  the  kidney  must 
do  work  in  the  secretion  of  the  urine  and  the  amount  of  work  done  can 
be  determined  from  the  difference  of  osmotic  pressure.  It  is  evident 
that  the  secretion  is  not  a  simple  filtration,  but  that  the  vital  activity 
of  the  cells  enables  them  to  do  this  work.  The  work  is  done  either  in  the 
reabsorption  of  water  by  the  tubules,  thus  concentrating  the  filtrate  from 
the  glomeruli,  or  more  probably  in  the  secretion  of  the  urea  and  other 
substances  into  the  urine.  The  osmotic  pressure  is  generally  deter- 
mined by  the  freezing-point  method  described  on  page  201.  The  freezing 
point  of  the  urine  varies  from  about  — 0.65°  to  — 2.71°.  The  latter  rep- 
resents an  osmotic  pressure  (see  page  201)  of  32.4  atmospheres.  The 
freezing  point  of  the  blood  is  about  — 0.6°,  which  is  an  osmotic  pressure 
of  only  7.23  atmospheres.  If  the  difference  in  osmotic  pressure  of  tlio 
blood  and  the  urine  amounts  to  25  atmospheres  and  there  is  secreted 
1  liter  of  urine  per  day,  the  kidneys  would  have  to  do  25  liter  atmos 
pheres  of  work.  1  liter  atmosphere  is  equivalent  to  1.0132X10®  ergs,  or 
2.4211X10  small  calories  (15°).  In  a  day,  therefore,  the  kidneys  would 
do  25  liter  atmospheres  or  605  small  calories  of  work.  This  would  be 
0.605  large  calories.  As  the  total  output  of  energy  of  the  body  per  day 
is  about  2,500  to  3,000  large  calories,  the  work  of  the  kidney  represents 
a  very  small  proportion  of  it.  The  burning  of  something  less  than  0.7 
gram  of  glucose  would  yield  this  amount  of  energy.  The  osmotic  pres- 
sure of  the  urine  approximates  more  closely  to  that  of  the  blood  the 
more  rapid  the  secretion;  during  exertion  on  very  hot,  dry  days  the 
freezing  point  may  be  still  lower  than  — 2.71°  and  may  go  below  — 3.0°. 
Bugarsky  has  found  a  formula  of  fairly  general  applicability  express- 
ing the  relation  between  the  osmotic  pressure  (freezing  point  or  A) 
and  the  specific  gravity:  A=75(s — 1),  where  s  is  the  specific  gravity. 
In  certain  circumstances  the  urine  may  have  a  freezing  point  of  only 
— 0.2°,  as  after  drinking  large  quantities  of  beer. 

General  composition  of  the  urine. — The  following  table  illustrates 
the  average  composition  of  human  urine  on  an  average  diet  containing 
120  grams  of  protein  per  day.  The  amount  of  solids  and  water  are  of 
course  widely  variable.  A  small  quantity  of  both  zinc  and  copper  are 
found  generally  present  in  human  urine. 
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Total  Ueine  peb  Day  1500  o.c.    Total  Solids  61  Gbams. 

Organic  solids  38.2  grams.      Inorganic  solids   22.7  grams. 

Urea    32                         Sodium    chloride 14    grams. 

Uric  acid , 0.7                      H  PO     2.0 

S         4 

Creatinine 1.8                      H  SO     2.6 

Ammonia    0.7                      K  O   3.0 

Hippuric  acid   0.8                      MgO  and  CaO  0.9 

Residual  organic 2.2                      Residual  inorganic 0.2 


38.2  22.7 

Nitrogenous  constituents  of  the  urine. — The  nitrogenous  constitu- 
ents found  in  the  urine  are  urea,  uric  acid,  ammonia,  creatinine  and 
creatine,  amino-acids,  allantoine,  hippuric  acid  and  a  great  number  of 
basic  and  other  nitrogenous  substances  found  in  very  small  quantities. 
But  while  present  in  small  quantities  many  of  these  are  of  very  great 
interest,  since  they  undoubtedly  represent  intermediate  products  in  the 
course  of  the  transformations  of  the  amino-acids  in  the  body.  In  addi- 
tion there  may  be  found  in  pathological  conditions  proteins,  or  derived 
proteins,  of  various  kinds.  In  human  urine  urea  makes  by  far  the 
larger  proportion  of  the  nitrogenous  substances.  Normally  from  85-92 
per  cent,  of  the  nitrogen  in  the  urine  is  in  the  form  of  urea  nitrogen; 
but  on  a  diet  containing  a  minimum  quantity,  of  protein  food  the  pro- 
portion of  urea  nitrogen  falls,  so  that  it  may  be  not  more  than  68-80 
per  cent,  of  the  total  urinary  nitrogen. 

In  a  group  of  about  25  normal  young  men  in  the  course  of  an 
extended  metabolism  experiment,  the  average  excretion  of  nitrogen  per 
24  hours  was  as  follows: 

Body-        Ingested         Total  Urea  "NH"  Creati-  Uric         Undeter-  Total 

weight       nitrogen        urinary          N              N  nine  acid           mined  urinary 

—kilos       —grams            N                                                  N  N  ■         N  N  ae  per  cent, 

g.               g.               g.                g.                 g.                 g.  of  ingested. 

71.0         13.43         11.30         9.30         0.49        0.659         0.198         0.65         84.12 

Per  cent,  of  total  N  in  urine      82.29         4.35         5.87  1.76  5.73 

Urea.    Chemistry. — Urea  is  the  diamide  of  carbonic  acid,  CO  (NH2)  2 : 

NH 

I     ' 
0  =  0 

I 

NH 
2 

Urea. 

It  may  be  regarded  as  formed  from  carbonic  acid  as  follows 
OH  NH 

1  I     ' 

0  =  0    -]-    NH^ -0  =  0    -f    H^O 

OH  OH 

Caibamic  acid^ 
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NH  NH 

I      ^  I     ' 

0  =  C    +    NH^ ^0  =  0    +    HjjO 

OH  NH^ 

Carbamic  acid.  Urea. 

According  to  this  formula  urea  should  be  a  very  faintly  basic  sub- 
stance, and  acids  should  have  some  power  of  union  with  the  amino 
groups,  as  they  do  have.  If  a  urea  solution  is  heated,  however,  it  sets 
free  some  hydrogen  ions  and  behaves  as  an  acid.  This  is  probably  due 
to  a  rearrangement  of  the  molecule  in  the  direction  of  the  imide  form, 
and  some  molecules  having  the  imide  constitution  probably  exist  in  all 
solutions  of  urea.    The  imide  form  is  the  following: 

NH  NH  NH  NH 

2  .2  .2 

I  I  II  I 

0  =  0 HO— C         , ^         0  . ^      C 


NH^  NH      ^H^O       NH  N 

Urea.  Imide   form.  Carbodiimide.       Cyanamide. 

Urea  may  be  synthesized  by  heating  ammonium  cyanate  which  under- 
goes a  rearrangement  into  urea: 

NH  — 0— C  =  N      — >      NH  — CO— NH 

4  -^ 2  2 

Ammonium  cyanate.  Urea. 

Urea  has  no  taste.  It  is  colorless  and  odorless  and  crystallizes  in 
long  prisms,  m.p.  132-133°.  It  may  be  purified  by  recrystallization 
from  amyl  alcohol.  It  is  extremely  soluble  in  water  and  in  alcohol,  but 
with  difficulty  in  cold  acetone.  It  is  insoluble  in  ether.  It  forms  salts 
with  acids,  and  the  oxalate  and  nitrate,  CH4N,O.HN03,  are  much  less 
soluble  in  water  than  urea  itself.  By  heating  with  acids  or  alkalies  it 
is  split  into  ammonia  and  carbonic  acid  and  the  same  change  occurs  on 
heating  with  water.  Dry  urea  heated  forms  biuret,  cyanuric  acid  and 
the  amide  of  cyanuric  acid,  or  ammelide: 

COH 

"T^      r^      r^       nAt 

2C0    — NH    -CO  ;      3  CO  —  3NH 


s  HOC       COH 


Y 


NH  NH— CO— NH  NH 

2  2  2 

Urea.  Biuret.  Cyanuric  acid. 

Oxidized  by  hypobromite  or  nitrous  acid,  it  is  decomposed  into 
carbon  dioxide,  nitrogen  gas,  some  carbon  monoxide  and  nitric  oxide. 
The  greater  part  of  the  decomposition,  however,  leads  to  the  formation 
of  nitrogen  gas  and  carbon  dioxide.  The  latter  reaction  is  used  for  the 
clinical  estimation  of  urea. 
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CO  (NH^)^-1-2HN0^    =     COj,  +  2Njj  4- SH^O 
CO  ( NH^ )  '+  3NaOBr     =    Co"  +  3NaBr  +  2H2O  +  N^ 

Urea  will  also,  like  the  amino-aeids,  form  molecular  compounds  with 
salts.  Thus,  if  a  solution  is  evaporated  with  sodium  chloride,  prisms 
of  CO.(NH2)2.NaCl.HaO  crystallize  out.  Urea  is  decomposed  into 
ammonium  carbonate  by  an  enzyme,  urease,  found  in  the  Soya  bean,  in 
several  bacteria  and  in  other  plant  and  anijnal  tissues.  Urea  is  found  in 
the  excretions  of  nearly  all  classes  of  invertebrates. 

Amount. — The  amount  of  urea  secreted  by  the  kidneys  per  day 
is  very  variable  and  depends  upon  the  amount  of  protein  in  the  food. 
For  a  person  eating  an  average  diet  containing  about  120  grams  of 
protein  per  day,  the  urea  excretion  will  be  in  the  neighborhood  of  30 
grams ;  but  on  a  low  protein  diet  the  amount  of  urea  is  greatly  reduced. 
"With  a  diet  containing  50  grams  of  protein  per  day,  or  8  grams  of 
nitrogen,  the  urea  will  be  only  about  8  to  10  grams  a  day.  No  con- 
stituent of  the  urine  is  more  variable  than  the  urea.  Ordinarily,  when 
the  protein  intake  is  high,  about  90  per  cent,  of  the  nitrogen  of  the 
urine  is  in  the  form  of  urea  nitrogen;  but  on  a  low  protein  diet  the 
proportion  of  urea  nitrogen  falls  in  the  urine  to  about  60  per  cent,  of 
the  total.  This  is  shown  in  the  table  on  page  750  taken  from  one  of 
Folin's  experiments. 

The  explanation  of  this  variation  of  urea  with  the  diet  is  that  when 
more  protein  is  eaten  than  is  necessary  to  replace  that  decomposed  in 
the  vital  processes  in  the  body,  the  body  does  not  store  the  excess,  since 
there  is  no  provision  for  the  storage  of  an  excess  of  protein,  except  in 
relatively  small  quantities.  Instead  of  storing  the  excess,  the  nitrogen 
is  split  off  from  the  amino-acids,  converted  into  urea  and  excreted, 
while  most  of  the  carbonaceous  part  of  the  amino-acid  molecule  is  con- 
verted into  glucose,  or  fat,  and  stored  in  that  form.  Hence,  when  a 
very  heavy  protein  diet  is  consumed,  the  amount  of  urea  increases 
enormously  and  proportional  to  the  protein  consumption. 

The  fact  that  there  is  only  a  very  limited  storage  of  protein  in  the 
body  is  of  very  great  significance.  It  indicates  that  the  proteins  play 
a  different  role  from  the  fats  and  carbohydrates,  probably  because  the 
proteins  make  part  of  the  living  matter  of  the  cells.  It  is  impossible 
to  increase  very  much  this  vital  matter  without  at  the  same  time  increas- 
ing the  surface  of  the  body,  increasing  its  supply  of  oxygen  and  in 
other  ways  providing  for  its  needs.  Lifeless  protein  for  storage  evi- 
dently does  not  exist  in  the  body,  except  in  limited  amounts:  for 
example,  in  the  connective  tissue  fibers,  possibly  the  proteins  of  the 
blood,  and  some  other  supporting  tissues. 

Origin  of  the  urea  in  mammals. — ^What  is  the  origin  of  the  urea 
found  in  the  urine?  In  what  organ  is  it  formed?  One  turns  first  to 
the  kidneys.    Do  the  kidneys  form  the  urea  or  do  they  only  excrete  it? 
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A  definite  answer  to  this  question  is  obtained  by  extirpating  the  kid- 
neys and  examining  the  urea  content  of  the  blood  before  and  after 
extirpation.  If  the  kidneys  are  the  chief  or  sole  producers  of  the  urea, 
then  there  will  be  no  accumulation  of  urea  in  the  blood  after  the  extir- 
pation of  these  organs;  if,  on  the  other  hand,  they  simply  excrete  the 
urea  which  is  formed  elsewhere  in  the  body  and  brought  by  the  blood 
to  them,  then  urea  will  accumulate  in  the  blood,  if  there  is  no  other 
organ  which  can  take  over  the  excretion.  These  experiments  were  tried 
by  von  Schroeder  and  some  other  experimenters.  They  showed  that 
there  was  always  an  accumulation  of  urea  in  the  blood  in  cats,  dogs 
and  other  animals  after  kidney  extirpation.  Mammals  survive  loss  of 
the  kidneys  for  about  three  days.  The  cause  of  death  which  ensues  is 
not  yet  certain.    Von  Schroeder  and  others  got  the  following  results : 


Animal 

Fer  cent,  of  urea  in  the  blood 

Before  kidney  extirpation 

After  extirpation 

V.  Schroeder 
Prevost  and  Dumas 

Hammond 
Voit 

Dog 
Dog 
Cat 

Dog 

Rabbit 

0.045 
0.026 

0.208 
0.830 
1.040 

0.083   (24  hours) 

■  0.093   (48       "     ) 

0.097  (61       "     ) 

0.388   (60      "     ) 

These  experiments  showed  that  in  the  absence  of  the  kidneys  urea 
accumulates  rapidly  in  the  blood,  and,  up  to  a  certain  point,  the  longer 
the  animal  lives  the  greater  the  accumulation  becomes.  A  similar 
accumulation  has  been  observed  in  human  beings  who  have  had  anuria 
following  or  accompanying  nephritis.  When  the  kidneys  fail  to  elimi- 
nate urea  and  it  accumulates  in  the  blood,  the  amounts  in  the  other 
secretions  greatly  increase.  Thus  it  may  crystallize  out  on  the  skin  on 
the  evaporation  of  perspiration;  urea  goes  also  into  the  saliva,  and 
particularly  into  the  secretions  of  the  duodenum  and  the  intestine, 
since  the  intestine  is  one  of  the  most  important  excretory  organs  of 
the  body.  In  prolonged  diarrhea  or  vomiting  in  nephrectomized  ani- 
mals the  amount  of  urea  in  the  blood  may  be  considerably  reduced. 

Prom  these  observations  we  may  conclude  that  the  kidneys  are  not 
the  chief  organs  for  the  production  of  urea  and  that  it  must  be  formed 
elsewhere  in  the  body. 

It  would  seem  at  first  glance  easy  to  solve  a  problem  of  this  sort, 
since  it  would  appear  only  necessary  to  examine  the  amount  of  urea 
in  the  blood  before  and  after  passing  an  organ  in  order  to  tell  whether 
urea  was  produced  there.     If  the  blood  coming  away  from  the  organ 
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has  more  urea  than  that  going  to  it,  it  must  be  formed  in  it.  Actually, 
however,  this  method  is  seldom  feasible,  since  the  blood  goes  so  rapidly- 
through  an  organ  as  to  take  up  at  any  one  passage  a  very  minute  amount 
of  the  substance  sought,  an  amount  so  small  as  to  lie  within  the  limits 
of  experimental  error.  But  while  the  amount  taken  away  from  any 
organ  at  any  one  circuit  may  be  small,  the  total  for  the  day  may  be 
large.  Nor  can  we  solve  the  problem  by  simply  analyzing  the  organs 
and  determining  the  amount  of  urea  they  contain,  concluding  that  the 
organ  with  the  highest  urea  content  probably  is  the  source  of  the  sub- 
stance. In  the  first  place,  the  determination  with  accuracy  of  minute 
amounts  of  substances  in  such  an  .albuminous  fluid  as  the  blood,  or  in 
any  organ,  is  beset  with  many  difficulties.  Moreover,  with  such  a  soluble 
substance  as  urea  which  passes  in  and  out  of  cells  with  ease,  and  which 
does  not  apparently  form  a  union  with  the  colloids  of  the  cell,  there  is 
little  accumulation,  the  stuff  being  excreted  as  rapidly  as  it  is  produced. 
But  could  we  send  the  blood  repeatedly  through  a  single  organ,  the 
blood  passing  through  the  organ  again  and  again,  we  might  finally  secure 
a  considerable  accumulation  of  the  metabolic  products  of  that  organ 
in  the  blood.  This  we  may  do  in  the  following  way  by  perfusion:  By 
taking  the  still  living  organ  out  of  the  body  and  establishing  through 
it  an  artificial  circulation  of  defibrinated,  warm,  arterial  blood,  the  same 
blood  passing  through  the  organ  again  and  again,  we  may  finally  secure 
so  great  an  accumulation  in  the  blood  of  any  metabolic  substances  the 
organ  may  form  that  their  nature  may  be  determined.  For  such  obser- 
vations the  organ  to  be  examined  is  placed  in  a  warm,  moist  chamber 
and  as  quickly  as  possible  after  removal  from  the  body  an  artificial 
circulation  of  defibrinated  blood,  which  has  been  arterialized  by  shaking 
with  air,  is  sent  through  it.  The  blood  is  collected  from  the  vein,  shaken 
with  air,  warmed  and  injected  over  and  over  again,  and  this  is  repeated 
for  many  hours.  We  can,  if  desired,  add  certain  substances  to  the 
blood  and  see  how  they  are  affected  in  passing  through  the  organ  and 
thus  get  an  idea  of  the  chemical  powers  of  the  organ. 

This  method,  which  looks  so  simple,  is  by  no  means  without  its 
drawbacks  and  difficulties.  In  the  first  place,  many  organs  withstand 
very  badly  deprivation  of  their  normal  blood  supply  even  for  so  short 
a  time  as  twenty  minutes.  The  intestines  appear  to  be  particularly 
sensitive  in  this  regard,  and  the  brain  is  also.  A  far  more  serious 
trouble  comes  from  the  fact  that  the  organs  are  cut  off  from  the  nerve 
impulses  which  normally  constantly  impinge  upon  its  cells  and  adjust 
the  amount  of  blood  coming  to  each  part  of  the  organ  to  the  needs  of 
that  part.  For  no  organ  functions  as  a  whole.  Every  gland  has 
usually  some  alveoli  in  activity;  some  at  rest.  The  circulation  is 
adjusted  to  the  needs  of  each  alveolus.     The  same  is  true  of  smooth 
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muscle  which  is  constantly  active,  such  as  that  of  the  intestine.  The 
fibers  take  turns  working  and  resting,  so  that  at  any  instant  of  time 
some  are  at  rest,  others  at  work.  Now  in  an  organ  taken  out  of  the 
body,  the  blood  vessels,  as  a  rule,  dilate  and  there  is  no  control  of  the 
blood  supply.  The  gland  or  other  organ  swells;  it  is  apt  to  become 
cedematous ;  the  circulation  becomes  smaller  and  smaller  and  finally  stops 
entirely,  or  there  may  be  extravasations  of  blood  into  the  tissue.  It 
has  been  found  advantageous,  also,  to  cause  a  rhythmic  motion  in  the 
perfused  blood  to  imitate  as  nearly  as  possible  the  natural  conditions. 
Then,  too,  defibrinated  blood  is  abnormal  blood.  It  is  not  impossible 
that  one  of  the  main  functions  of  the  fibrin  of  the  blood  may  be  to 
regulate  the  viscosity  of  the  blood  in  its  passage  through  an  organ,  and 
this  regulation  will  be  lacking  in  the  blood  when  it  is  defibrinated.  For 
all  these  reasons  the  perfusion  method,  which  at  first  glance  promises  so 
much  for  the  study  of  the  metabolism  of  individual  organs,  is  subject 
to  serious  drawbacks  and  requires  to  be  perfected. 

With  all  its  drawbacks,  however,  the  method  has  thrown  some  light 
on  the  chemical  possibilities  of  many  organs  of  the  body  and  will  no 
doubt  do  far  more  when  it  is  made  a  method  of  as  great  precision  as 
it  is  capable  of  being  made.  Perfusion  experiments  have  been  carried 
out  by  von  Sehroeder,  Salomon  and  others  for  the  purpose  of  deter- 
mining the  origin  of  the  urea.  The  following  experiment  illustrates 
the  results  obtained : 

Blood  Feb  Cent,  of  Ukea. 

Before  perf oslon  After  perf naion 

Kidneys 0.0402  0.039 

Muscles  0.014  0.0137 

Liver 0.045  0.0812 

0.0538  0.1177  (3  hours  perfusion) 

0.1253   (5  hours  "        ) 

Liver  0.0193  0.0236   (  No (NH  )  CO    added) 

0.0599   (    (NHJ^CO^  added) 

From  these  figures  it  is  seen  that  neither  the  kidneys  nor  the  muscles 
added  urea  to  the  blood  during  perfusion ;  but  the  liver  did,  and  par- 
ticularly when  ammonium  carbonate  had  been  added  to  the  blood  before 
perfusion.  The  blood  after  passing  the  liver  is  uniformly  richer  in 
urea  than  when  it  entered  it.  This  experiment  shows  very  clearly  that 
the  liver  has  the  power  of  forming  urea  and  that  it  is  capable  of  trans- 
forming ammonium  carbonate  into  urea.. 

One  cannot  conclude  from  this  experiment  that  the  other  organs 
have  not  the  power  of  making  urea.  A  positive  result  is  convincing, 
but  a  negative  result  may  mean  many  things.  It  might  be,  for  example, 
that  the  liver  happened  to  have  a  larger  amount  of  precursors  of  urea 
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in  it  than  the  other  organs  and  that,  if  the  proper  forerunners  of  urea 
had  been  added  to  the  blood,  the  other  organs  also  would  be  found  to 
have  this  power  of  urea  formation.  As  a  matter  of  fact,  there  is 
reason  for  believing,  as  we  shall  see  in  a  moment,  that  other  organs  than 
the  liver  can  make  urea. 

A  second  method  of  attacking  a  problem  of  this  kind,  and  a  very 
important  method  in  physiological  chemical  research,  consists  in  leaving 
the  organ  in  the  body,  but  in  some  way  shunting  the  blood  about  it  so 
that  very  little  or  no  blood  enters  the  organ  and  then  examining  the 
subsequent  changes  in  the  composition  of  the  blood,  or  the  excretions 
of  the  body.  For  the  liver  such  experiments  are  difficult  to  perform. 
If,  for  example,  the  liver  is  taken  out  of  the  body  of  a  mammal  it  dies 
in  the  course  of  a  few  hours.  The  cause  of  the  death  is  still  unknown 
and  would  probably  well  repay  study.  The  liver  has  a  double  blood 
supply,  getting  arterial  blood  from  the  hepatic  artery  and  venous  blood 
from  the  portal  vein,  which  has  gathered  the  blood  from  all  the  intestine 
and  its  glandular  annexes.  About  one-third  of  the  blood  from  the  liver 
is  estimated  to  go  through  the  hepatic  artery,  and  the  other  two-thirds 
through  the  portal  system.  The  first  question  which  we  will  ask  our- 
selves is:  What  will  be  the  effect  on  the  urea  excretion  of  cutting  off 
the  blood  supply  coming  through  the  portal  vein  ?  This  supply  cannot 
be  cut  off  in  mammals  by  simple  ligature  of  the  vessels  and  have  the 
animals  live  for  more  than  three  or  four  hours.  The  blood  accumulates 
in  the  intestinal  area,  there  being  no  way  for  it  to  get  back  to  the  heart. 
It  is  necessary  to  so  arrange  the  blood  vessels  as  to  send  the  blood  around 
the  liver  and  back  into  the  circulation.  Such  a  result  can  be  accom- 
plished by  the  so-called  Eck  fistula. 

Eck  fistula.  The  portal  vein  and  the  inferior  vena  cava  run  side 
by  side  before  the  former  enters  the  liver.  If  one  makes  a  slit  in  the 
adjoining  sides  of  the  veins  and  sews  together  the  edges  of  the  slits, 
the  two  veins  are  united  and  the  blood  can  pass  from  one  to  the  other 
through  the  hole,  or  fistula.  This  is  called  the  Eck  fistula,  from  its 
inventor.  With  modem  technique  it  is  not  a  very  difficult  operation 
to  perform  in  dogs.  After  the  fistula  is  made  the  portal  vein  beyond 
the  fistula  is  ligatured  and  now  the  blood  from  the  intestinal  region 
no  longer  passes  through  the  liver,  but  crosses  through  the  opening  into 
the  inferior  vena  cava  and  back  to  the  heart  through  that  vessel.  Ani- 
mals so  operated  upon  may  live  for  months  or  years.  The  liver  still 
has  its  circulation  through  the  hepatic  artery.  The  results  of  this  opera- 
tion on  the  liver  cells  is  striking,  since  they  shrink  in  size  and  look 
quite  abnormal  under  the  microscope. 

As  a  result  of  this  operation  the  blood  from  the  intestine  no  longer 
is  sub.iected  to  the  action  of  the  liver,  but  passes  directly  to  the  body 


698  PHYSIOLOGICAL   CHEMISTRY 

cells  and  to  the  kidneys.  The  urine  should  show  some  change  in  com- 
position. If  the  urea  is  formed  in  the  liver  and  in  the  liver  alone  from 
raw  materials  brought  from  the  intestine,  marked  changes  in  the  excre- 
tions should  result.  Pawlow  and  Nencki  and  Hahn,  who  early  studied 
this  question,  reported  a  marked  change  in  the  proportion  of  urea 
and  ammonia  nitrogen  in  the  urine  as  the  result  of  making  an  Eck 
fistula.  They  recorded  the  following  ratios  of  ammonia  and  urea  nitro- 
gen in  various  experiments : 

Ratio  of  NH.  to  Ubea  in  Dog's  Ubine. 
Before  the  Eck  fistula  After  the  Eck  fistula 


1  :73  1 

1 
1 
1 
1 


33 

24.5 

16.1 

7.6 

9.9 


There  was,  in  other  words,  a  great  decrease  in  the  urea  nitrogen 
and  an  increase  in  the  ammonia  nitrogen  of  the  urine.  They  found 
in  the  blood  and  urine  of  their  Eck  dogs  ammonium  carbamate,  NH4 — 
0 — CO — NB.2.  There  seemed,  in  other  words,  to  be  a  failure  of  the 
body  to  convert  ammonium  compounds  and  carbamic  acid  into  urea. 
In  some  of  the  experiments  the  changes  were  not  so  pronounced  as 
those  given  in  the  foregoing  table.  The  operated  dogs  when  fed  meat 
seemed  to  be  poisoned.  They  became  excitable,  attempted  to  climb  up 
the  sides  of  the  cages  and  showed  symptoms  like  those  of  ammonia 
poisoning.  The  following  experiment  quoted  from  these  observers  will 
illustrate  this: 

An  Eck  fistula  was  made  in  a  bitch  on  the  23d  of  January,  1892. 
She  weighed  23.674  kilos.  On  March  11  her  weight  was  14.169  kilos,  a 
loss  of  9  kilos.  She  had  been  on  a  diet  of  bread  and  milk.  On  March 
1  she  was  given  1,200  c.c.  of  milk  and  200  grams  meat  powder.  A 
stage  of  excitation  ensued  on  the  evening  of  this  day;  she  turned  con- 
stantly in  the  cage  and  tried  to  climb  up  the  wall  and  bit  objects  near 
her.  She  seemed  to  be  blind.  The  next  day  she  received  no  meat.  The 
weakness  of  the  muscular  system  continued  and  the  uncertain  and 
irregular  gait.  The  animal  appeared  to  feel  no  pain.  In  three  days 
on  a  bread  and  milk  diet  the  pathological  symptoms  disappeared,  but 
on  repeating  the  experiment  the  animal  died.  The  urine  was  very 
alkaline. 

The  authors  go  on  to  say:  "  We  have  observed,  therefore,  an 
undoubted  and  very  characteristic  fact:  dogs  in  whom  the  blood  has 
been  shunted  around  the  liver  by  means  of  the  Eck  fistula,  so  that  it 
flows  directly  from  the  intestine  without  going  through  the  liver,  can- 
not stand  meat  without  showing  serious  disturbance  of  the  nervous 
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system  which  may  often  result  in  death.  It  appeared  from  these 
experiments  that  one  function  of  the  liver  was  to  detoxicate  the  blood ; 
to  take  out  of  it  ammonia  which  if  it  passed  the  liver  would  be  extremely 
harmful."  These  experiments  also  indicated,  like  those  of  vou 
Schroeder,  that  the  liver  was  the  chief  source  of  the  urea  of  the  urine, 
since,  when  the  blood  supply  was  reduced,  urea  diminished  and  its 
place  was  taken  by  the  carbamate  of  ammonium.  Eck  fistula  dogs  do 
not  always  show  these  symptoms.  Sometimes  they  live  hearty  and  well 
for  months,  particularly  if  care  is  taken  to  provide  them  with  bones. 
A  diet  of  bread  and  milk  is  not  normal  for  a  dog ;  they  develop  diarrhea 
on  it.  Dogs  may  live  normally  without  loss  of  weight,  or  only  slight 
loss  after  the  Eck  fistula  if  fed  bread,  meat  and  bones.  Adhesions 
always  form  in  these  operations,  and  in  the  adhesions  small  blood  vessels 
may  grow  into  the  liver  from  the  pancreas  or  intestine,  and  it  is  pos- 
sible that  the  nerves  may  at  times  be  involved  in  the  adhesions  so  that 
the  interpretation  of  results  is  not  always  easy.  As  far  as  they  go,  how- 
ever, the  experiments  cited  bear  out  the  conclusion  that  the  liver  forms 
a  good  part  of  the  urea  of  the  body. 

Urea  formation  after  corrosion  of  the  liver  and  disease.  If  the  liver 
cells  could  be  injured,  the  metabolism  might  be  changed  in  such  a  way 
as  to  throw  some  light  on  the  question  whether  the  liver  is  the  sole 
source  of  the  urea.  The  liver  cells  may  be  thus  damaged  in  various 
ways  either  by  disease  or  by  the  injection  of  corrosive  or  poisonous  sub- 
stances into  the  bile  ducts.  In  acute  yellow  atrophy  of  the  liver, 
interstitial  hepatitis  and  cirrhosis  of  the  liver,  there  is  a  very  extensive 
degeneration  of  the  liver  cells.  In  all  of  these  cases  there  is  a  reduction 
of  the  amount  of  urea  in  the  urine,  and  an  increase  in  the  ammonia  con- 
tent. The  change,  however,  is  not  so  great  as  one  would  expect  were 
the  liver  the  sole  source  of  the  urea.  In  phosphorus  poisoning  one 
may  have  a  great  increase  in  the  ammonia  and  a  decrease  in  the  urea. 
But  in  all  these  eases  it  is  difficult  to  distinguish  cause  and  effect.  For 
whenever  there  is  a  production  of  acid  in  the  body,  there  is  always  an 
increase  in  the  ammonia  of  the  urine,  even  though  the  liver  cells  be 
intact.  In  phosphorus  poisoning  there  is  such  an  acidosis.  In  acute 
yellow  atrophy  the  nitrogen  of  the  ammonia  may  amount  to  as  much 
as  70  per  cent,  of  that  of  the  urea,  whereas  normally  it  is  not  more . 
than  7  per  cent.  These  experiments  also  indicate,  then,  that  the  liver 
is  an  important  source  of  urea. 

Experiments  have  also  been  tried  of  giving  ammonium  carbonate 
or  citrate  to  patients  suffering  from  liver  disease,  but  the  results  have 
not  been  concordant.  It  seems,  however,  that  except  in  the  last  hours 
of  life  in  such  cases  the  body  is  still  able  to  convert  the  ammonia  thus 
ingested  into  urea. 
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Experiments  in  the  corrosion  of  the  liver  by  the  injection  of  sul- 
phuric acid  into  the  bile  ducts  of  dogs  have  been  tried  by  Pick.  The 
liver  cells  are  injured,  but  the  circulation  persists.  Dogs  thus  treated 
remain  apparently  normal  for  24  hours ;  they  then  become  comatose  and 
die  in  some  six  hours  more.  An  analysis  of  the  urine  of  dojjs  thus 
treated  gave  the  following  results: 


Before  corrosion 

After  corronion 

Urinary  N  per  cent,  as  HN3  N 

Per  cent,  as  nrea  N 

Per  cent,  as  NH3  N 

Per  cent,  as  nrea  N 

1.51 

98.23, 

3.93 

82.6 

5.21 

81.88 

2.17 

75.42 

3.62 

84.12 

5.01 

76.91 

5.4 

76.65 

4.59 

81 

9.37 

60.29 

5.6 

3.30 

2.95 

1.51 

As  a  rule,  the  per  cent,  of  urinary  nitrogen  as  ammonia  increased  after 
the  corrosion,  but  the  difference  was  not  marked. 

Extirpation  of  birds'  livers.  Now,  although  in  mammals  the  liver 
cannot  be  removed  without  causing  speedy  death,  nor  can  the  liver  cells 
be  killed  with  sufficient  accuracy  to  yield  sharp  and  certain  results, 
it  is  possible  in  birds  and  reptiles  to  remove  the  liver  without  leading 
to  the  immediate  death  of  the  animal.  It  happens  that  in  birds  there 
is  a  connection  between  the  portal  and  the  renal  circulation  so  that 
blood  can  go  back  to  the  circulation  from  the  intestine  after  removal 
of  the  liver.  Geese  thus  operated  vjpon  recover  very  quickly.  They 
set  at  once  to  smooth  their  feathers  and  eat  readily.  After  fifteen  to 
twenty  hours,  however,  or  even  earlier,  symptoms  of  serious  trouble  set 
in.  The  animals  stagger,  become  comatose  and  soon  die.  They  live  long 
enough,  however,  to  answer  the  question  as  to  what  happens  to  the 
metabolism  when  the  liver  is  gone.  In  birds  and  reptiles  the  urea  of 
the  urine  is  replaced  by  uric  acid.  There  is  a  very  small  amount  of 
urea  excreted,  but  the  urine  consists  of  damp  masses  of  crystallized 
urates.  It  has  been  shown  by  other  observers  that  the  uric  acid  of  birds 
is  formed  from  the  same  substances  as  the  urea  of  the  .mammal.  Thus, 
if  urea  is  fed  to  birds,  it  is  excreted  in  the  form  of  uric  acid.  Ammonium 
compounds  also  are  formed  into  uric  acid.  The  uric  acid  of  birds  is, 
then,  fairly  commensurate  in  metabolism  with  the  urea  of  the  mammal, 
and  presumably  it  is  formed  by  the  same  organs  of  the  body.  Minkowski 
extirpated  the  livers  of  geese  and  studied  the  changes  produced  in  the 
urine  with  the  following  result: 

Per  cent,  of  total  N  as 
Uric  Acid  N  Ammonia  N 

Before 60-70 

After 3-6 

Before  50 

After  3.6 


10-18 
45-60 
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From  the  results  of  these  experiments  it  is  seen  that  after  removal 
of  the  liver  from  birds,  uric  acid  disappears  from  the  urine  to  a  small 
remnant  and  is  replaced  by  ammonia.  The  small  amount  of  uric  acid 
which  appears  after  the  extirpation  may  be  the  residue  which  had 
accumulated  in  the  body  and  is  slowly  excreted.  There  is  no  doubt, 
from  this  experiment,  that  uric  acid  is  formed  in  the  bird's  liver  and 
not  elsewhere  in  the  body  in  any  amount.  Since  the  uric  acid  of  birds 
clearly  corresponds  to  the  urea  of  mammals,  this  is  an  additional  indi- 
cation of  urea  formation  by  the  liver. 

Other  sources  of  urea.  The  liver  is  not  the  only  source  of  the  urea, 
however,  for  dogs  having  an  Eck  fistula  and  with  the  hepatic  artery 
ligated  still  have  the  power  of  increasing  their  urea  output  when  amino- 
acids  are  injected  under  the  skin  (S.  A.  Matthews).  Some  of  the  other 
organs,  perhaps  all  of  them,  certainly  have  the  power  in  these  animals 
of  forming  urea.  Nevertheless,  the  evidence  is  that  the  liver  is  the  main 
source  of  the  urea  of  the  urine. 

The  precursors  of  urea. — ^From  what  substances,  then,  is  urea 
formed?  In  the  first  instance  it  is  undoubtedly  formed  from  ammonia. 
Not  only  does  ammonia  appear  in  the  urine  in  larger  amounts  than 
normal  in  the  total  or  partial  absence  of  the  liver,  but  direct  deter- 
mination of  the  ammonia  of  the  blood  before  and  after  passing  the  liver 
shows  that  this  substance  is  removed  from  the  blood  by  this  organ.  It 
will  be  remembered  that  in  the  course  of  protein  absorption  and  diges- 
tion some  ammonia  is  split  from  the  proteins.  A  part  of  this  ammonia 
is  split  from  the  amide  linkings  of  the  proteins  during  digestion  and 
by  the  action  of  the  bacteria  in  the  intestine;  a  part  is  formed  from 
the  partial  deamidization  of  the  amino-acids  during  the  process  of 
absorption;  still  another  portion  may  arise  in  the  liver  itself  by  the 
action  of  the  deamidizing  enzymes  which  probably  occur  there.  The 
blood  of  the  portal  vein  is  rich  in  ammonia.  This  ammonia  comes  in 
part  from  the  intestine  and  in  part  from  the  pancreas,  which  also  has 
a  very  large  amount  of  ammonia  in  it.  The  relative  amounts  of 
ammonia  in  blood  of  the  portal  and  hepatic  veins  are  shown  in  the 
following  table: 

Mas.  NH   PEB  100  Gbamb  Blood.    (Pawlow,  Nencki,  Sieber.) 

Portal  vein  Hepatic  vein 

3.5  1.5 
8.4 

5.6  1.1 
12.0  1.9 

4.0  1.8 

3.S  1.9 

The  amount  of  ammonia  in  the  portal  blood  is  very  much  more  than 

that  in  the  hepatic  blood,  showing  that  the  liver  removes  ammonia  from 

the  blood. 
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Various  tissues  had  the  following  amounts  of  ammonia  in  mgs.  per 
100  grams  of  fresh  tissue : 


Intestine 

Stomacli 

Intestinal 

Stomacli 

Lungs 

Muscle 

Liver 

mucosa 

mucosa 

contents 

contents 

Pancreas 

1.1 

9.2 

22.8 

23 

37.1 

42.6 

16.4 

8.8 

19.4 

21.2 

48.9 

43.2 

22.4 

9.9 

7.9 

41.7 

52.8 

40.2 

24.3 

16 

The  very  high  figures  for  the  mucosa  of  the  stomach  will  be  noticed. 
It  always  contains  more  than  the  contents.    The  intestinal  contents  gen 
erally  have  more  ammonia  than  the  mucosa.    Blood  from  various  parts 
of  the  body  had  the  following  amounts  of  ammonia: 

Mgs.  Ammonia  in  100  Grams  of  Blood  ob  Oeqan. 

Hepatic  vein  Portal  vein  Pancreatic  vein  Liver  Stomacli  mucosa 


1.8 

4.0 

8.2 

12.2 

44.9 

1.5 

3.5 

0.25 

13.7 

31.8 

The  carotid  artery  blood  of  a  dog  on  a  meat  diet  contains  1.5  m^rs 
of  ammonia  per  100  grams  of  blood.  On  fasting  it  may  faU  to  0.38 
mgs. 

Nencki,  Sieber  and  Pawlow  conclude  their  article  with  the  following 
words:  "  The  liver  is,  therefore,  the  true  guardian  of  the  organism, 
which  changes  the  poisonous  substances  coming  from  the  alimentary 
canal  into  harmless  substances;  since  that  which  is  true  of  ammonia 
may  be  assumed  to  be  true  also  for  the  substituted  ammonias,  such 
as  various  plant  alkaloids,  bacterial  poisons,  etc." 

Prom  the  foregoing  it  is  apparent  that  all  the  organs  contain  more 
ammonia  than  the  blood.  A  part  of  the  nitrogen  probably  escapes  from 
them  in  this  form  to  the  blood.  Experiments  show  that  when  the 
ammonium  salts  of  organic  acids  are  fed  to  animals  they  increase  the 
urea  excretion.  But  ammonia  is  not  the  only  substance  which  can 
serve  as  a  precursor  of  urea.  The  same  is  true  of  any  amino-acid  and 
many  other  substances  which  contain  amino  nitrogen.  The  following 
results  were  obtained  by  von  Knierem  in  the  excretion  of  uric  acid  in 
hens  when  they  were  on  a  constant  diet  and  fed  an  additional  ration 
of  various  substances  shown  in  the  table : 


Substance  added  to  tile  diet 


tfric  acid  excreted  in  grams 


Before 


After  adding  to  diet 


Asparagine  . . 
Aspartic  acid 
Glycocoll   . . . . 

Leucine    

NH  CI    

(NH^)^SO^  ■■ 


0.7601 

0.9673 

1.3912 

1.001 

1.8999 

1.140 


2.4382 
1.5596 
1.8910 
1.6282 
1.9r28 

1.1  no 
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Very  closely  similar  results  were  recorded  by  Schulzen  and  Nencki 
after  feeding  dogs  glycocoU  or  leucine.  The  urea  excreted  rose  from 
3.8  grams  per  day  to  8.3  grams  per  day  after  glycocoll  was  fed ;  a  similar 
rise  occurred  with  tyrosine  and  ammonium  carbonate  and  formate. 

Another  precursor  of  urea  in  the  mammal  is  arginine.  This  amino- 
acid  may  be  split  by  an  enzyme,  arginase,  found  in  the  liver  and  intes- 
tine, but  not  in  muscle,  into  urea  and  ornithine. 

NH  — C— NH— CH  — CH  — CH  — CHNH  — COOH  +  H  0 ► 

2  2  2  2  2  r        2 

II 

NH 

Arginine. 

NH  —CO     +      NH  CH  —OH  — CH  —CHNH  — COOH 

2  I  2         2  2  2  2 

NH 
2 

Urea.  Ornithine. 

In  some  animals,  too,  although  it  is  doubtful  whether  it  occurs  in  man, 
there  is  an  oxidation  and  hydrolysis  of  uric  acid  to  urea.  This  is 
probably,  if  it  occurs,  an  unimportant  source  of  human  urea. 

Summary.  In  the  process  of  digestion  and  absorption  of  protein 
food  large  amounts  of  ammonia  are  set  free.  This  ammonia  is  liberated 
in  part  as  the  result  of  the  action  of  the  enzymes  of  the  digestive  juices  ; 
in  part  by  the  action  of  the  bacteria  in  the  intestine,  and  in  part,  during 
the  process  of  absorption,  from  the  amino-acids  of  the  proteins  of  the 
food.  The  ammonia  thus  liberated  accumulates  in  the  mucous  mem- 
brane of  the  stomach  and  intestine,  whence  it  is  gradually  removed  by 
the  blood  and  carried  to  the  liver  in  the  portal  blood.  The  liver  con- 
verts at  least  part  of  it  into  urea  and  the  kidney  eliminates  it  from 
the  body.  Another  portion  of  ammonia  is  set  free  in  the  liver  itself 
from  the  decomposition  of  the  amino-acids  brought  to  that  organ  in 
the  portal  blood,  and  the  carbon  moieties  of  those  molecules  are  converted 
in  part  into  glucose  and  glycogen.  A  relatively  large  fraction  of  the 
nitrogen  of  the  food  thus  never  becomes  part  of  the  living  protein  of  the 
body  at  all,  but  is  converted  into  urea  and  thrown  out  of  the  body.  On 
a  meat  diet  the  amount  of  nitrogen  thus  converted  into  urea,  so  called 
superfluous  nitrogen,  is  relatively  large.  It  is  not  certain  just  how 
large  it  is,  but  it  probably  is  at  least  a  third  of  all  the  nitrogen  in  the 
urea,  since  on  fasting  the  urea  drops  at  once  to  about  two-thirds  its 
former  value.  Certainly  with  an  output  of  35  grams  of  urea  per  day 
this  digestive  nitrogen  will  represent  at  least  ten  grams  of  urea. 

But  this  is  not  the  only  origin  of  the  urea.  The  tissues  are  also 
capable  of  tearing  their  protein  to  pieces  and  deamidizing  the  amino- 
acids.  For  example,  if  a  muscle  has  not  a  sufficient  amount  of  carbo- 
hydrate to  supply  its  energy,  it  will  tear  its  protein  to  pieces  to  get 
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the  energy.  This  is  always  accompanied  by  a  process  of  oxidation  which 
forms  a  ketonic  acid  from  the  amino-acid  and  ammonia  is  set  free  in  the 
way  mentioned  on  page  123.  Lactic  acid  is  formed  in  muscles  during 
their  work;  some  ammonia  probably  escapes  from  the  muscles  in  the 
form  of  ammonium  lactate  and  this  is  in  part  made  into  urea.  The 
endogenous  urea  has,  therefore,  a  very  varied  origin,  coming  from  the 
diiferent  organs  in  the  form  of  a  variety  of  nitrogenous  substances  which 
are  somewhere,  possibly  in  the  liver,  made  in  part  into  urea.  Even  on 
the  minimum  protein  diet  of  only  three  or  four  grams  of  nitrogen  intake 
per  day  the  urea  still  makes  60  per  cent,  or  more  of  the  total  nitrogen 
in  the  urine. 

It  is  a  very  interesting  observation  that  when  large  amounts  of  benzoic 
acid  are  fed  to  animals  the  excretion  of  urea  is  reduced  and  in  place 
of  the  urea  there  appears  the  glycocoU  of  hippuric  acid.  Now  the  fact 
that  under  these  circumstances  glycocoll  takes  the  place  of  urea  has 
led  some  to  think  that  possibly  ammonia  is  synthesized  into  glycocoll 
normally  before  it  goes  into  urea.  This  is  not  at  all  improbable. 
Glyoxal,  COH.COH,  and  glycolaldehyde,  CHjOH.COH,  are  probably 
formed  in  the  decomposition  of  the  carbohydrates.  With  the  former 
ammonia  will  condense  as  follows  to  form  glycocoll : 

H— C  =  O  H— C  =  NH 

I  +    NH,    — '  I  .    +    O    — 

H— C  =  O  H— C  =  O 

Glyoxal.  p- 

H— C  =  NH  „     I     ^^ 

^°-0=  ioOH 

GlyeoooU. 

Other  processes  which  may  lead  to  the  formation  of  the  urea  have, 
however,  been  suggested.  Drechsel  suggested  that  it  is  formed  in  part 
from  ammonium  carbamate  by  an  alternate  oxidation  and  reduction 
and  he  synthesized  it  in  this  manner  by  means  of  a  very  rapidly  alter- 
nating electrical  current. 

O 

II 

1.  NH^— 0— C— NH      +    0 ►  NH  — 0— CO.NH 

4  2         •  2  2 

2.  NHO— CO.NH      +    H     ►  NH  — O— NH 

2  2         >  2  2  2 

O 

Urea. 

Salkowski  has  suggested  that  it  is  formed  by  the  transformation  of 
cyanamide : 

NH,— C  =  N    +    HO  ►  NH  — CO.NH 

Cyanamide.  Una. 
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It  is  probable  that  it  originates  in  a  number  of  different  ways,  and 
in  other  tissues  as  well  as  the  liver. 

Physiological  action  of  urea.  Urea  has  several  quite  important 
physiological  actions.  In  the  first  place,  it  is  a  natural  diuretic  and 
whenever  there  is  an  increase  in  the  urea  excretion  there  is  always,  other 
things  being  equal,  an  increase  in  the  amount  of  urine.  A  person  on  a 
heavy  protein  diet  will  excrete  per  day  between  1,000  and  2,000  c.c. 
of  urine,  except  in  very  hot  weather,  when  there  is  a  great  loss. of 
water  through  the  skin.  On  the  other  hand,  a  person  haying  a  small 
intake  of  protein,  and  so  a  small  excretion  of  urea,  will  secrete  not  more 
than  300-500  c.c.  per  day.  When  one  observes  in  a  patient  a  small 
secretion  of  urine,  it  is  always  desirable  to  inquire  into  the  nature  of 
the  diet  before  concluding  that  the  kidneys  need  stimulating  and  giving 
a  diuretic.  Many  people  secrete  this  small  amount  of  urine  for  years 
without  any  indication  of  uraemia  or  other  symptoms  indicative  of 
abnormal  secretion.  Whether  there  is  any  advantage  in  a  low  or  a 
high  secretion  of  urine  has  not  yet  been  determined.  It  is  possible 
that  by  stimulating  the  secretion  of  the  urine  the  drinking  of  more 
water  results  and  a  kind  of  catharsis  of  the  cells  of  the  body  might  be 
produced  which  might  be  either  advantageous  or  disadvantageous  to 
them. 

Urea  has  also  a  very  definite  function  in  the  cells  of  the  elasmobranch 
fishes  and  possibly  in  the  mammalia  also.  It  is  one  of  the  normal  con- 
stituents of  the  cell  and  of  the  blood  and  other  fluids  of  the  body,  and 
since  these  cells  have  for  long  years  of  time  been  selected  to  work  with 
the  highest  degree  of  efftciency  in  this  urea-containing  medium,  it  is 
found  that  the  addition  of  a  little  urea  to  artificial  perfusion  solutions, 
when  one  is  perfusing  the  heart  or  other  organs,  is  as  a  rule  advan- 
tageous. The  effect  of  such  an  addition  to  the  salt  solutions  used  to 
sustain  the  heart-beat  of  fishes,  both  teleosts  and  elasmobranchs,  is  very 
marked.  Tissues  live  much  longer  in  the  presence  of  some  urea  than 
in  its  absence.  The  effect  on  mammalia  is  much  less  marked,  since  the 
amount  of  urea  in  the  blood  of  mammals  is  very  small,  .02-.04  per  cent. 
The  effect  produced  by  the  addition  of  urea  to  the  artificial  salt  solu- 
tions in  the  elasmobranchs  is  that  of  a  stimulation  and  the  same  effect 
may  be  produced  by  the  addition  of  small  amounts  of  ammonium  car- 
bonate. It  is  possible  that  in  these  animals  there  may  be  some  conversion 
of  urea  into  ammonium  carbonate,  or  vice  versa,  and  the  effect  may  be 
due  to  the  action  of  the  ammonium  carbonate  in  neutralizing  acids. 
Urea  is  not,  then,  entirely  inert. 

Creatine  and  creatinine  in  the  urine. — One  of  the  most  interesting 
of  the  nitrogenous  substances  found  in  urine  is  creatine  and  its  anhy- 
dride, creatinine,  creatine  being  methyl-guanidine  acetic  acid.    In  the 
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urine  of  the  average  human  adult  there  is  present  between  0.8  and  2 
grams  of  creatinine  a  day.  Creatine  occurs  in  the  urine  of  healthy  men 
only  in  very  small  amounts,  or  it  may  be  entirely  absent  if  no  creatine 
is  taken  in  the  food,  but  it  is  found  in  larger  quantities  in  the  urine  of 
women  and  children  even  when  they  are  taking  no,  creatine  in  the  food, 
and  in  men's  urine  the  amount  is  increased  by  fasting  and  in  disease. 
Both  creatine  and  creatinine  occur  in  the  urine  of  other  mammals. 
The  amount  of  creatinine  excreted  daily  by  human  beings  varies  with 
the  weight,  muscular  development,  state  of  health,  sex  and  age,  and 
slightly  with  the  creatinine  and  creatine  intake,  but  is  almost  or  quite 
independent  of  the  protein  intake  of  the  tody.  These  facts  show  that 
creatine  and  creatinine  have  a  very  different  significance  from  urea 
and  that  they  stand  in  a  very  special  relation  to  the  fundamental 
metabolism  of  the  body. 

Chemistry.    Creatine.     Creatine   (Greek    kreas,    flesh)    is    methyl- 
guanidine-acetic  acid  and  has  the  formula  C4H9N3O2  or: 

NH— C   — N   — CH— C— OH 

2  2 

II      I  II 

NH    CH  O 

3 

Creatinine  is  the  anhydride  of  this :  i.e.,  C4H7N3O,  or 

NH— CO 
I        I 

NH=:C         I 

I     I 

CH  N   — CH 

3  2 

Creatine  is  thus  related  on  the  one  hand  to  arginine,  which  is 
rf  -guanidine-«-amino-valerianic  acid ;  from  which  it  might  possibly  be 
derived  by  oxidation  and  methylation ;  and  on  the  other  hand  creatinine 
may  be  regarded  as  an  imidazole  derivative.  It  is  thus  allied  to  histidine 
and  to  the  purines,  both  of  which  contain  imidazole  rings.  Creatine  may 
also  be  considered  as  a  ureide  of  methyl  glycocoU  (amino-acetic  acid), 
or  sareosine,  which  relates  it  to  the  betaines,  methylated  glycocoll 
derivatives  found  in  many  plants  and  represented  in  an  extreme  form 
of  methylation  by  choline  in  animals.  Creatine  is  also  methyl-glyeo- 
cyamine,  glycocyamine  being  guanidine-acetic  acid.  It  may  be  syn- 
thesized with  great  ease  by  the  direct  union  of  cyanamide,  NHj.CN, 
with  methyl-amino-acetic  acid,  or  sareosine.  If  a  strong  aqueous  solu- 
tion of  amino-acetic  acid  and  cyanamide  is  made  slightly  ammoniacal 
at  room  temperature,  glycocyamine  crystallizes  out.  The  reaction  is  as 
follows : 

NH^.CN    +    H^N.CHj— COOH  ►  NH^— C(=NH)— NH— CHj^— COOH 

Cyanamide.  Glycocoll.  Glycocyamine. 
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The  same  reaction  carried  out  with  methyl-amino-acetic  acid  gives 
creatine. 

JSIHj,.CN   +   HN(CH^)— CH^— COOH 

NH  — C    ( =  NH )  — N  ( CH  )  — CH  — COOH 
Creatine. 

It  will  be  noticed  that  cyanamide  is  an  anhydride  urea  and  can  be 
prepared  from  urea  by  the  action  of  sodium ;  and  cyanamide  yields  urea 
when  treated  with  50  per  cent,  sulphuric  acid.  It  would  seem  possible 
that  urea  might  give  a  similar  synthesis  with  amino-acetic  acid : 

1.  NH— CO— NH NH— C  =  NH 

2  2  2 

I 

OH 

2.  NH„— C  =  NH     +     NH(CH  )— CH— COOH 

2  ^^  *  3  2 

I  Sarcosine. 

OH 
Urea. 

NH^— C  ( =  ITH )  — N  ( CHg )  — CH^— COOH  +  H^O 
Creatine. 

It  is  by  no  means  impossible  that  small  quantities  of  cyanamide  may 
bf  present  in  urea  solutions  and  this  synthesis  is  one  which  might  pos- 
sibly occur  in  the  body  where  both  urea  and  sarcosine  are  to  be  found. 

Creatine  is  a  colorless,  bitter,  biting  substance  crystallizing  in 
rhombic  prisms  with  one  molecule  of  water,  which  is  lost  by  heating 
to  100°,  the  crystals  then  becoming  white  and  opaque.  It  dissolves  in 
74.4  parts  of  water  at  18°,  but  is  much  more  soluble  in  hot  water,  almost 
insoluble  in  alcohol  and  insoluble  in  ether.  Its  aqueous  solutions  are 
neutral  in  reaction.  It  occurs  not  only  in  the  urine,  but  in  most  organs 
and  especially  in  the  voluntary  and  involuntary  muscle  of  vertebrates 
and  some  invertebrates.  It  has  been  isolated  also  from  the  blood,  brain, 
liver,  testis,  transudates  and  the  amniotic  fluid.  It  has  a  stimulating 
action  on  the  central  nervous  system,  and  methyl-guanidine,  one  of  its 
decomposition  products,  is  very  toxic. 

By  hydrolysis  with  boiling  barium  hydrate  creatine  yields  methyl- 
hydantoic  acid,  urea,  methyl-amino-acetic  acid  and  carbon  dioxide. 
Probably  it  forms  first  by  hydrolysis  of  an  amino  group  the  intermediary 
substance,  HO— C(=NH)— NCCH,)— CH^— COOH,  which  by  molecu- 
lar rearrangement  is  transformed  into  methyl-hydantoic  acid,  NHg — 
CO — NCCHj) — CHj — COOH.  By  oxidation  by  permanganate  or  hydro- 
gen peroxide  it  forms  urea  and  methyl-amino-acetic  acid,  or  sarcosine. 
Arginase  does  not  decompose  it.  By  boiling  with  mercuric  oxide  it 
reduces  the  latter  to  metallic  mercury  and  the  creatine  is  oxidized  to 
methyl-guanidine  and  oxalic  acid.  Creatine  has,  therefore,  some  reduc- 
ing action,  but  it  is  far  less  marked  than  that  of  creatinine.    It  is  pre- 
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cipitated  in  neutral  solution  by  mercuric  nitrate.  It  is  not  precipitated 
by  cadmium  chloride,  phosphotungstic  acid,  or  by  lead  acetate.  For- 
maldehyde converts  creatine  to  dioxymethylene  creatinine. 

Creatinine.     Creatine  goes  over  spontaneously  into  its  anhydride 
form  of  creatinine,  the  reaction  being  similar  to  the  transformation  of 
glycocyamine  to  glycoeyamidine  or  of  uramido  acids  to  hydantoins. 
NH  — C(=NH)— N(CH  )— CH  — COOH HN— CO 

II 
NH  =  C     I        +    H^O 

CH  — N— CH 
Creatinine. 
This  reaction  is  hastened  by  various  tissue  extracts,  but  it  occurs  if 
an  aqueous  solution  of  the  creatine  is  boiled,  or  by  the  action  of  acid. 
A  solution  of  creatine  in  half-normal  hydrochloric  acid  heated  in  an 
autoclave  for  30  minutes  to  117°  goes  over  almost  quantitatively  into 
creatinine  (Benedict).  The  synthesis  of  creatinine  from  creatine  is  a 
synthesis  of  an  amino  and  carboxyl  group  similar  to  the  synthesis  of  a 
polypeptide  from  the  amino-acids.  The  power  of  making  such  syntheses 
is  an  attribute  of  all  living  matter  without  exception.  This  synthesis  is 
also  instructive  as  illustrating  the  formation  of  a  ring  compound  from 
an  aliphatic.  A  similar  synthesis,  that  of  proline  from  glutamic  acid, 
has  already  been  discussed  on  page  124.  In  the  latter  case  there  is  the 
formation  of  the  pyrrolidone  ring  from  glutamic  acid  by  a  union  of  a 
carboxyl  and  amino  group,  followed  by  the  reduction  of  the  ring  which 
thus  is  rendered  stable.  The  proline  ring,  like  that  of  glycoeyamidine, 
is  also  often  methylated  to  form  alkaloids  of  the  type  of  stachydrine. 


CH,    - 

-    CH. 

k 

k- 

-CO 

1 

-0 

Stachydrine. 
which  occur  in  plants.  Whether  it  is  possible  to  reduce  the  creatinine 
ring  in  the  body  to  form  the  imidazole  ring  is  still  unknown.  The 
creatinine  ring  being  thus  an  oxidized  ring  is  unstable  and  creatinine 
in  an  alkaline  solution  is  less  stable  than  creatine  from  which  it  is 
derived. 

Creatinine  crystallizes  in  colorless,  monoclinic  prismatic  crystals. 
It  is  readily  soluble  in  water  and  alcohol.  It  forms  with  zinc  chloride 
a  good  crystallizing,  not  very  soluble  compound  by  which  it  may  be 
identified,  (C4H7NsO)2ZnCl2.  It  is  a  strong  base,  the  aqueous  solution 
being  alkaline;  stable  in  acid  solution,  but  not  in  alkaline.  It  is  a 
reducing  substance,  reducing  alkaline  solutions  of  copper,  silver  and 
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mercuric  salts,  but  not  reducing  bismuth  oxide.  It  reduces  picric  acid  to 
the  reddish  pieramic  acid  in  alkaline  solution,  and  it  is  determined  quan- 
titatively colorimetrically  by  means  of  this  reaction.    See  page  1093. 

Origin  and  significance  of  the  creatine  and  creatinine  of  the  urine. 
The  origin  and  significance  of  the  one  or  two  grams  of  creatinine  and 
the  few  milligrams  of  creatine  secreted  daily  have  been  keenly  inves- 
tigated of  recent  years,  but  have  not  yet  been  brought  to  a  complete 
solution.  Creatine  is  found  in  a  great  many  organs  of  the  body.  It 
was  discovered  by  Liebig  as  a  constant  constituent  of  voluntary  muscle. 
It  and  creatinine  are  found  in  Liebig 's  beef  extract,  there  being  usually 
about  twice  as  much  creatine  in  it  as  of  creatinine.  Recent  .analyses  by 
Beker  have  yielded  the  figures  shown  in  the  table. 

Amounts   of   Ceeatine  and   Ceeatinine   Foxind  in  Vabious  Animals. 


Animal 


Organ 


Mgs.  creatine  and  creatinine  computed  as 
creatinine  per  100  gramB  of  the  organ 


Ox  .... 
Calf    ., 
Rabbit 
Cat    . .  . 
Goat   . . 
Pig    .. 
Ox  .... 
Dog  . . . 
Pig    .. 
Ox  .... 
Ox  .... 
Dog  . . 
Pig    .. 
Ox  ... 
Dog  . . 
Calf     ., 
Bull    . 


Ox 


Dog  . . . 
Ox  . .  . . 
Dog  .  .  . 
Pis;  ■  .  . 
Rabbit 


Cat    ... 
Goat   , 
Ox  ..., 
Dog  .. 
Rabbit 


Ox   . 

Pig 
Ox  . 
Dog 
Pig 


Liver 


Pancreas 


Thyroid 
Kidneys 


Spleen 

Thymus 
Testis 

Brain 


White  matter 

Cerebellum 

Brain 

Voluntary  muscle 


White  muscle 
Red  muscle 


Heart 

Intestinal  muscle 

Larere  intestine 

Small  intestine 

Uterus 
<( 

Blood 


25.3-37.24 
26.54 
18.9-21.2 
20.6 
11.2 

15.72-17.46 
12.51-19.62 
12.9-16.13 
10.69-14.2 
11.4 

12.26-17.6 
10.28-16.34 
15.2 
14.67 
13.28-19.5 
9.76 
76.4-97.2;    181, 


51.4-63; 

47.9-56.2 

64.2-71.3 

54.6-57.5 

403 

314 

338 

451 

326 

354 

316 

220 

228-257.4 

32.5 

23.4 

29.9-43 

29.9-31.2 

1.93-2.68 

1.86-2.44 

2.00-2.08 


dog  testis,   Janney   and 
Blatherwiek. 
112,    dog    brain,    Janney    and 
Blatherwiek. 


(Average  of  20  determinations) 

II         11       a  II 

a        II      o  a 

it       It     A  a 
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A  fundamental  and  significant  fdci  concerning  the  excretion  of 
creatine  and  creatinine  is  that  the  amount  of  these  excreted  in  the  urine 
per  day  is  independent  of  the  amount  of  protein  taken  in  the  food  and 
is  wonderfully  constant  for  each  individual.  This  fundamental  observa- 
tion by  Polin  has  been  the  starting  point  of  the  modem  investigation 
of  these  substances.  It  shows  clearly  that  creatinine  has  a  different 
significance  in  metabolism  from  urea,  of  which  the  excretion  varies 
directly  with  the  protein  intake.  A  second  fundamental  fact  is  that 
the  excretion  of  creatine  and  creatinine  in  adult  men  is  almost  inde- 
pendent of  the  creatine  intake,  and  that  creatinine  taken  in  the  food 
appears  in  large  measure  in  the  urine  as  such.  The  third  fact  is  that 
age,  sex,  state  of  health  and  starvation  profoundly  affect  the  excretion 
of  these  bodies,  and  the  amount  of  creatinine  excreted  varies  directly 
with  the  weight  of  the  body — at  least  within  certain  limitations  this  is 
true.  The  significance  of  this  latter  fact  will  be  apparent  if  it  be 
remembered  that  nothing  of  the  sort  is  true  of  urea,  since  a  very  small 
person,  if  he  eats  much  meat,  may  excrete  more  urea  than  a  large  one 
on  a  more  restricted  diet.  These  facts  show  that  creatine  and  creatinine 
are  products  of  the  endogenous  metabolism  of  the  body. 

That  the  excretion  of  creatinine  in  male  adults  is  independent  of  the 
amount  of  the  protein  ingested  is  shown  by  the  following  observations 
by  Folin.  The  figures  represent  the  excretion  of  an  individual  on  two 
occasions,  once  when  on  an  ordinary  protein  diet  containing  about  120 
grams  of  protein  per  day;  and  the  other  time  on  a  restricted  protein 
diet  when  only  about  20  grams  of  protein  are  ingested. 

Usual  protein  mtake  Low  protein  intake 

Vol.  of  urine   1170  385       e.c. 

Total   N    16.8  3.60  gr. 

Urea  N   14.7  2  20 

Creatinine  N   '.". . .          0.58  (3.60%)  0.60  (17.2%) 

The  creatinine  excretion  remained  practically  the  same,  although  the 
protein  was  reduced  so  enormously.  The  contrast  with  the  urea  excre- 
tisn  is  profound.  The  creatinine  nitrogen  made  in  the  one  case  3.6 
per  cent,  of  total  nitrogen ;  and  17.2  per  cent,  in  the  other. 

But,  while  the  total  amount  .of  creatinine  secreted  is  independent  of 
the  protein  intake,  it  is  closely  dependent  on  the  bodyweight  and  chiefly 
upon  the  muscular  development  of  the  body,  although  other  factors 
affect  it  also.  The  average  creatinine  excretion  of  Dr.  H.,  weighing 
87  kilos,  was  1.6  gram;  Dr.  A.,  weighing  56  ks.,  eliminated  1.15  gram; 
and  F.,  who  weighed  70  kg.,  but  is  rather  short  and  corpulent,  excreted 
1.4  gram.  The  analytical  data  indicate  that  moderately  corpulent  per- 
sons (adults)  eliminate  per  24  hours  about  20  mgs.  creatinine  per  kilo 
bodyweight ;  while  lean  persons  yield  about  25  mgs.  per  kilo.  The  num- 
ber of  milligrams  of  creatinine  excreted  in  24  hours  per  kilo  bodyweight 
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is  called  the  creatinine  coefficient.  Sometimes  the  term  is  applied  to 
the  milligrams  of  creatinine  nitrogen  per  kilo  bodyweight.  Shaffer 
found  that  the  creatinine  coefficient  in  the  latter  sense  had  a  value  of 
between  8.1-11 ;  for  children  it  usually  lies  between  3.3  and  6.5. 

But  while  the  creatinine  excretion  is  independent  of  the  protein  of  the 
food  it  is  affected  slightly  by  the  intake  of  creatine  and  greatly  by  that  of 
creatinine.  The  ingestion  of  creatinine  is  followed  by  the  reappearance 
of  most  of  it  in  the  urine.  The  following  figures  from  Shaffer  show  both 
how  constant  the  creatinine  excretion  is  from  hour  to  hour  and  how  it  is 
increased  by  the  ingestion  of  creatinine.  The  urine  was  passed  each 
two  hours.  The  average  excretion  in  grams  of  creatinine  per  hour  in 
successive  two-hour  periods  was  as  follows :  .066 ;  .062 ;  .057 ;  .065 ;  .068. 
Prom  6.30  to  12  at  night  the  average  was  .053 ;  from  12  to  9  a.m.,  while 
sleeping,  it  was  .056;  from  9  to  11.15  a.m.  it  was  .062.  The  amount, 
therefore,  is  less  at  night  than  in  the  daytime.  Creatinine  does  not 
then  undergo  the  wide  hourly  variation  which  uric  acid  does.  At  10.40 
A.M.,  while  his  hourly  excretion  was  .067  gr.  per  hour,  he  took  250 
e.c.  of  water  containing  0.70  gram  of  pure  creatinine.  From  10.15- 
11.15  the  hourly  excretion  of  creatinine  rose  to  .084 ;  11.15-12.15  it  was 
.174;  12.15-2.15,  .138;  2.15-5.15,  .101;  5.15-12.06  a.m.,  .084;  12.06-7.20 
A.M.  it  was  .073.  In  this  experiment  76  per  cent,  of  the  ingested 
creatinine  had  been  excreted  in  21  hours. 

The  ingestion  of  creatine  leads  to  a  very  small  increase  in  the 
creatinine  and  is  generally,  but  not  always,  followed  by  the  excretion 
of  a  small  amount  of  creatine.  This  point  has  been  the  subject  of  a 
good  deal  of  controversy.  Folin  made  the  extraordinary  observation 
that  ingested  creatine  did  not  increase  either  the  creatinine,  creatine 
or  total  nitrogen  of  the  urine.  The  creatine  disappeared  and  he  believed 
it  to  be  metabolized  in  the  body  and  retained  there.  It  was  afterwards 
suggested  by  Mellanby  that  it  had  been  retained  by  the  bacteria  of  the 
intestine  and  he  isolated  from  the  intestine  a  bacterium  which  would 
metabolize  the  creatine  of  a  solution.  It  is,  however,  not  yet  certain 
what  has  become  of  the  ingested  creatine.  Further  experiment  has 
shown  that  there  is  a  marked  difference  between  children  and  women, 
on  the  one  hand,  and  men  on  the  other,  as  regards  their  power  of 
metabolizing  ingested  creatine.  Men  usually  destroy  nearly  all,  or  all 
of  that  ingested,  so  that  no  increase  of  the  creatine,  or  creatinine, 
occurs.  In  some  cases,  however,  there  is  a  very  small  increase  in  the 
creatinine.  This  is  perhaps  the  rule,  and  occasionally  some  creatine 
appears  in  the  urine  unchanged.  Women  and  children  excrete  more  or 
less  of  it  unchanged. 

Amount  of  creatine  excreted  under  various  conditions.  Any  discus- 
sion of  the  excretion  of  creatine  in  the  urine  must  be  prefaced  by  the 
statement  that  the  creatine  is  not  determined  directly,  but  by  difference. 
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The  preformed  creatinine  is  determined  by  Folin's  colorimetrical  method, 
and  then  the  creatine  present,  if  any,  is  converted  into  creatinine  by 
heating  the  urine  with  acid,  and  the  creatinine  is  then  redetermined. 
This  is  called  the  total  creatinine.  It  is  sometimes  larger  than  the 
figures  first  obtained  and  the  difference  is  supposed  to  be  due  to  the 
conversion  of  some  creatine  to  creatinine.  The  difference  is  hence  called 
creatine.  It  is  obvious,  however,  that  there  is  a  considerable  uncer- 
tainty about  determinations  made  in  this  way,  and  it  involves  the 
assumption  that  the  heating  with  acid  has  not  in  any  way  changed  the 
urine,  so  that  it  will  affect  the  creatinine  determination, ,  except  by 
the  conversion  of  creatine  to  creatinine.  When  it  is  remembered  that  the 
quantitative  determination  of  the  creatinine  itself  is  made  by  measuring 
its  reducing  action,  a  property  which  is  not  peculiar  to  it,  it  is  clear 
that  inferences  as  to  the  presence  or  absence  of  creatine  in  the  urine 
must  be  very  cautiously  drawn.  As  a  matter  of  fact  it  has  recently 
been  alleged  that  the  appearance  of  the  presence  of  creatine  is  really 
due  to  the  presence  of  small  amounts  of  acetoacetic  acid,  which  in  the 
unheated  urine  make  the  creatinine  determination  somewhat  lower  than 
it  should  be.  This  acid  is  destroyed  by  heating  the  urine  with  acid, 
so  that  the  second  determination  of  creatinine  is  larger.  It  is  just 
this  difference  which  is  usually  called  creatine.  It  is  a  very  suspicious 
circumstance  that  most  of  the  methods  which  are  supposed  to  increase 
creatine  excretion  are  just  those  which  are  known  to  increase  acetoacetic 
acid  excretion.  As  it  is  at  present  controverted  whether  the  acetoacetic 
acid  present  will  account  for  the  whole  of  the  so-called  creatine  or  not, 
the  excretion  of  creatine  is  treated  here  as  if  it  certainly  occurred.  It 
may  be  that  the  so-called  creatine  is  really  creatine. 

EXCHETION  OF  CBBATINE  IN  HEALTHY   CHILDHEN.      GRAMS   PeR  DaT. 

Sex                                                    Age  Crine  c.c.  Total  N.       Creatinine  N.       Creatine  N. 

Boy     5  620  6.10  .112  .025 

Boy  8  710  7.20  .163                    0 

Boy  15  1150  11.97  .378                    0 

Boy 11  460  5.31  .157                    0 

Boy 12  680  4.19  .086                   0 

Boy 2  300  3.00  .025  .023 

Boy  3  580  5.48  .057  .022 

Boy   16  625  8.10  .268                    0 

1120  11.70  .374                   0 

Girl 5  500  4.20  .069  .005 

Girl 6  500  2.33  .032  .003 

Girl  7  830  9.75  .157  .066 

Girl  10  825  8.50  .147  .020 

Girl     12  510  8.68  .201  .011 

1000  6.70  .224  .042 

Creatine  is  found  in  the  urine  of  most  if  not  all  mammals.  In 
human  beings  it  occurs  in  large  amounts,  relative  to  creatinine,  in  the 
urine  of  children,  but  in  small  amounts  only  in  the  urine  of  adults, 
except  under  special  conditions  of  sickness,  or  diet,  when  the  amount 
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of  creatine  may  be  at  least  half  of  the  total  creatinine  and  creatine 
together.  The  results  included  in  the  table  on  page  708  show  the 
excretion  of  creatine  and  creatinine  in  healthy  children  (Krause)  when 
on  a  creatine-f ree  diet; 

From  this  table  it  is  seen  that  on  a  creatine-free  diet  boys  stop  secret- 
ing creatine  at  about  seven  years  of  age,  and  that  before  this  age  the 
amount  of  creatine  secreted,  which  in  the  first  years  of  life  has  been  about 
equal  to  the  creatinine,  becomes  relatively  and  absolutely  smaller  until 
it  disappears.  Girls,  on  the  other  hand,  continue  to  secrete  creatine 
until  puberty,  and  with  women  it  reappears  in  the  urine  at  each  monthly 
sexual  cycle.  It  will  be  noticed,  furthermore,  that  the  absolute  amount 
of  creatinine  secreted  increases  with  the  age  of  the  child  and  there 
is  also  an  increase  in  the  amount  of  creatinine  nitrogen  in  mgs.  per 
kilo  bodyweight.  This  last  factor,  the  "  creatinine  coefficient,"  in  adults 
on  a  creatine-free  diet  is  8.1  to  about  11.  In  the  experiments  just  quoted 
the  creatinine  coefficient  is  higher  in  children  of  12  than  in  those  of  5. 
The  coefScient  at  ages  of  13  to  16  is  only  3.6  to  4.1.  In  infants,  Amberg 
and  Morrill  have  found  creatinine  coefficients  still  lower.  At  7  to  14 
days  old  the  coefficient  was  1.8  to  3.3.  The  increase  in  the  creatinine 
coefficient  thus  goes  pari  passu  with  the  relative  development  of  the 
musculature.  In  infants  the  brain  and  liver  and  other  organs  make 
relatively  a  larger  proportion  of  the  body  weight  than  later  in  life.  Not 
only  does  creatine  appear  in  the  urine  of  children,  but  it  has  been  shown 
(Krause)  that  their  power  of  metabolizing  creatine  is  less  than  that 
of  adults.  By  feeding  creatine  to  children  on  a  creatine-free  diet  it  was 
found  that  the  younger  the  child  the  less  ingested  creatine  was  retained. 

Per  cent,  ingeeted  creatine 
Sex  Age  excreted  as  creatine 

Girl   6  56 

Boy    8  43 

Girl   11  31 

In  the  case  of  women  creatine  is  often  absent  from  the  urine,  but  reap- 
pears during  menstruation,  and  during  pregnancy  and  after  delivery 
it  occurs  there  for  several  days.  Benedict  and  Meyers  found  consid- 
erable quantities  of  creatine  in  the  urine  of  insane  women  when  on  a 
milk  diet,  or  a  creatinine  and  creatine-free  diet.  The  ages  of  the 
patients  ranged  from  19  to  95  years  and  the  amount  of  creatine 
excreted  per  day  ranged  from  70-200  mgs.,  while  the  creatinine  was 
from  292  to  700  mgs.  per  day. 

The  ingestion  of  creatine  causes  in  children  and  women  always  an 
increase  in  the  creatine  of  the  urine  and  a  slight  increase  in  the 
creatinine.  In  men,  however,  large  quantities  of  creatine  may  be 
taken  by  the  mouth  without  causing  any  increase  in  the  creatine 
is  the  urine  or  indeed  in  the  total  nitrogen  excreted.    This  is  partieu- 
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larly  noticeable  when  the  amount  of  protein  in  the  food  is  low.  This 
fact  was  discovered  by  Folin,  who  on  successive  days  took  several  grams 
of  creatine  with  no  change  in  the  creatine  or  creatinine  in  the  urine. 

Krause  in  various  experiments  on  two  male  adults  of  26  and  36 
on  a  creatine-free  diet  and  with  a  total  nitrogen  in  the  urine  of  from 
3.27-13.44  grams,  gave  .052-.126  grs.  creatine  nitrogen  per  day  without  any 
creatine  appearing  in  the  urine.  The  creatinine  was  only  very  slightly 
increased,  and  in  some  cases  not  at  all  increased.  The  total  nitrogen 
in  the  urine  not  only  did  not  increase,  but  seemed,  on  the  contrary, 
to  decrease.  Thus  it  fell  in  three  of  the  four  experiments  from  3.27 
to  3.14,  from  13.44-12.55  and  from  13.30-12.07.  Similar  results  were 
obtained  in  the  case  of  children,  except  that  in  them  a  part  of  the 
creatine  ingested  reappeared  as  such  in  the  urine. 

Weber  ingested  meat  extract  and  found  a  greater  increase  in  the 
creatinine  than  was  taken  in  the  extract,  so  that  some  of  the  creatine 
had  gone  over  into  creatinine.  Van  Hoogenhuyze  and  Verploegh,  Plum- 
mer,  Dick  and  Lieb  always  got  a  small  part  of  the  creatine  as  creatinine. 
Pekelharing  and  van  Hoogenhuyze  found  that,  if  they  gave  dogs  and 
rabbits  creatine  subcutaneously  in  small  amounts,  it  always  increased 
both  the  creatine  and  creatinine,  but  if  they  gave  it  all  at  once  they 
got  an  increase  only  in  the  creatine.  Towles  and  Voegtlin  also  found 
a  transformation  of  some  of  the  creatine  to  creatinine.  The  impor- 
tance of  these  observations,  arises  from  the  fact  that  they  show  that 
creatine  is  turned  into  creatinine  in  the  body  and  hence  indicate  that 
the  creatine  of  the  body  is  probably  the  source  of  the  creatinine. 

Fasting  causes  a  decrease  in  the  creatinine,  but  an  increase  in  the 
creatine,  so  that  the  total  is  very  little  affected.  Even  in  men  who 
do  not  normally  excrete  creatine  in  the  urine  it  appears  there  if  they 
fast.  In  women  the  amount  normally  present  is  increased.  A  very 
interesting  case  of  this  sort  was  reported  by  Benedict  and  Diefendorf. 
The  patient  was  an  elderly  woman  having  a  religious  mania  so  that  she 
fasted  periodically.  One  such  period  is  that  contained  in  the  following 
table : 

Total  creatinine  Preformed  Preformed 

Date  Total  N  — gr.  creatinine— gr.  creatine— gr. 

Nov.  18  6.56  0.50  0.50  0.00 

19  6.49  0.66  0.61  0.05 

20  6.65  0.63  0.60  0.03 

21  6.99  0.67  0.61  0.06 

22  6.45  0.68  6.05  0.03 

Begins  to  fast.     First  three  days  no  water. 

23  4.19  0.65  0.61  0.04 

24  6.05  0.66  0.57  0.09 

25  6.38  0.61  0.54  0.07 

26  6.93  0;50  0.44  0.06 

27  0.16  0.65  0.49  0.16 

28  4.41  0.49  0.34  0.15 


End  of  fast. 

Total  creatinine 

Preformed 

Preformed 

-gr. 

creatinine— gr. 

creatine— gr. 

(0.34) 

(0.23) 

(.11)  Some  loss 

0.67 

0.56 

.11     No  food 

0..55 

0.50 

0.05 

U.64 

0.61 

0.03 

O.Gl 

0.60 

0.01 

THE    EXCRETIONS   OF   THE   BODY  715 


Date  Total  N 

Nov.  29  (3.04) 

30  4.87 

Dec.      1  3.17 

2  5.09 

3  6.05 

The  great  increase  in  the  creatine  on  the  27th  and  28th  will  be 
noticed  as  well  as  the  wonderful  constancy  of  the  total  of  creatinine  and 
creatine.  The  falling  off  in  the  creatinine  is  illustrated  also  in  the 
following  results  on  the  professional  fasting  woman,  Flora  Tosca  (van 
Iloogeuliuyze  and  Verploegh)  • 

Before  the  fast  Fasting  continued 

Total  N  Creatinine  per  day       Total  N  Creatinine  per  daj 

in  grams  '°  B'i""8 

13.99  1.087         6-70  • 689 

7  35  ,  ,  ....       715 

Pasting  6!80  '.y/^'.'.'.'.'.'.'.\ '.'.'.'.'.'.'.'.'. '.'.'.      ^602 

8.76    0.904         6-14  453 

8.38    577        6.97  566 

10.73    581         5.62  548 

9.40    634        4.08  426 

7.87    633        4.38  ., 715 

7.73    590  Broke   fast 

6.11    469  1.028 

(In  this  case  the  creatine  was  not  determined.) 

The  reappearance  of  creatine  in  the  urine  of  fasting  men  and 
the  corresponding  decrease  in  the  creatinine  seems  to  be  an  interesting 
casting  back  of  their  metabolism  to  the  type  of  the  juvenile  metabolism. 
Regarded  from  this  point  of  view  it  would  appear  that  the  metabolism 
is  rejuvenated  by  fasting.  It  would  be  interesting  to  see  if  other  signs 
of  rejuvenescence  are  to  be  found;  to  see,  for  example,  if  allantoine 
would  reappear  in  the  urine  of  fasting  men.  Fasting  rabbits  also 
increase  the  creatine  at  the  expense  of  the  creatinine.  The  creatine 
quite  disappears  if  the  animals  are  given  carbohydrate  food,  but  not  if 
fed  fat  or  protein.  It  may  be  that  the  change  in  metabolism  has  affected 
chiefly  the  liver  and  muscles  and  particularly  the  former  and  that  the 
exhaustion  of  the  carbohydrate  of  the  liver  has  affected  its  power  to 
change  creatine  into  creatinine.  By  some  authors  the  increase  in  the 
creatine  is  supposed  to  indicate  an  unusual  protein  catabolism,  but  the 
small  amount  of  the  total  nitrogen  excreted  and  the  slight  decrease  in 
the  total  creatine  and  creatinine  is  against  such  an  interpretation. 

Influence  of  carbohydrate  food  on  creatine  excretion.  It  has  been 
found  that  a  deficiency  of  carbohydrate  food  in  the  diet  produces 
creatinuria.  Various  suggestions  have  been  made  to  account  for  this 
fact.  Thus  it  is  supposed  by  some  that  creatine  appears  as  the  result 
of  the  abnormal  catabolism  of  flesh  in  the  body  consequent  on  the 
withdrawal  of  carbohydrate;  or  owing  to  an  impairment  of  the  func- 
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tion  of  the  liver.  Thus  creatinuria  often  accompanies  diabetes  both 
natural  and  phlorizin.  The  amount  of  creatine  and  creatinine  together 
in  these  cases,  however,  is  not  larger  than  normal,  so  that  creatine 
appears  as  the  result  of  the  loss  of  power  of  the  body  to  change  creatine 
to  creatinine.  As  was  stated  at  the  outset,  however,  the  reported  creatine 
may  not  have  been  creatine,  but  acetoacetic  acid. 

Influence  of  the  thyroid  on  creatine  excretion.  The  thyroid  has  a 
marked  but  unexplained  influence  on  the  metabolism  of  the  body. 
Injection  of  thyroid  extract  causes  a  stimulation  of  the  protein  catabo- 
lism  of  the  body.  It  is  interesting  that  it  also  causes  an  increase  in 
the  creatine  excretion  (acetoacetic  acid?).  Just  how  this  result  is  pro- 
duced it  is  impossible  to  say.  It  might  be  that  the  thyroid  extract 
caused  directly  or  indirectly  the  discharge  of  creatine  from  the  muscles 
so  that  the  excretion  is  increased.  It  may  be  that  the  creatine  acts  as 
a  brake  on  the  protein  catabolism  and  its  removal  results  in  an  abnormal 
catabolism  of  proteins. 

Origin  of  creatinine.  The  foregoing  facts  show  that  the  creatine  and 
the  creatinine  of  the  urine  have  the  same  origin,  and  that  creatinine  is 
derived  from  the  creatine  of  the  tissues  of  the  body.  There  is  in  the 
body  of  an  average  adult  something  more  than  120  grams  of  creatine. 
That  this  creatine  gives  rise  to  the  creatinine  of  the  urine  is  indi- 
cated not  only  by  the  facts  cited,  but  also  by  the  following  observa- 
tions of  Meyers  and  Fine: 


Creatine— 
muscle  per  cent. 

Creatinine— 
coefficient 

Ratio— 
muBcle  creatine 

Ratio- 
ooefflcientB 

Rabbit 

Man 

Dog 

0.52 
0.39 
0.27 

14.3 
9.0 

8.4 

1.4 

1.05 

1.0 

1.7 

1.07 

1.0 

Origin  of  creatine.  From  what  substances  then  does  the  body  form 
the  creatine  found  in  the  tissue?  Where  is  the  creatine  changed  into 
creatinine  ?    How  much  of  the  creatine  and  creatinine  is  destroyed  ? 

There  are  several  possible  sources  of  creatine.  It  might  be  formed 
from  arginine,  which  is  guanidine-amino-valerianic  acid.  By  oxidation 
this  might  be  turned  to  guanidine-amino-acetic  acid  and  by  methylation 
this  changed  to  creatine.  An  ingestion  of  arginine  does  not  increase 
the  output  of  creatinine.  But  Inouye  found  in  autolysis  of  the  liver 
to  which  he  added  some  arginine  that  there  was  an  increase  in  the 
creatine  and  creatinine.  The  change  was,  however,  small.  Jaflfe  showed 
that  the  ingestion  of  guanidine  acetic  acid  is  followed  by  a  slight  in- 
crease in  the  excretion  of  creatine  and  this  has  been  confirmed  by  others. 
He  found,  also,  that  the  ingestion  was  followed  by  an  increase  in  the 
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creatine  content  of  muscle.  The  greater  part  of  the  guanidine  acetic 
acid  was  excreted  unchanged,  only  5-8  per  cent,  having  been  changed 
over.  The  ingestion  of  guanidine  caproic  acid  and  guanidine  butyric 
gave  no  better  results.  It  has  not  been  possible  to  find  glycocyamine 
in  the  metabolism  of  the  body  and  it  is  accordingly  very  doubtful 
if  it  is  an  intermediate  product  in  the  formation  of  creatine.  Another 
possibility  is  that  creatine  is  formed  from  choline  or  some  similar  product 
of  the  phospholipins.  Koch's  experiments  gave  no  increase  in  creatinine 
after  the  ingestion  of  large  amounts  of  lecithin  or  choline.  Another 
possibility  is  that  the  synthesis  might  be  made  with  methyl  guanidine  as 
the  intermediate  body.  Methyl  guanidine  has  been  found  both  in  muscles 
and  in  the  urine  (Kutscher).  Experiment  has  shown,  however,  that  this 
is  a  very  toxic  substance  and  Jaffe  and  others  have  got  no  increase  in  the 
creatinine  after  injecting  it.  The  synthesis  might  be  made  using  urea 
and  methyl  amino-aeetic  acid.  There  is  no  evidence  of  this  beyond  the 
fact  that  the  addition  of  urea  to  autolyzing  liver  completely  prevents  the 
destruction  of  creatine  by  the  liver  and  the  same  is  true  of  other  organs. 
It  would  appear  that  in  some  way  urea  is  concerned  in  the  metabolism 
of  creatine.  The  ultimate  origin  of  creatine  is  thus  uncertain.  The 
presence  of  sarcosin  and  glycocoU  so  frequently  in  the  muscles  of  in- 
vertebrates may  be  significant. 

The  transformation  of  creatine  into  creatinine  is  probably  carried 
out  in  many  different  tissues.  For  example,  the  creatine  of  the  blood 
slowly  changes  to  creatinine,  and  the  liver,  kidney,  muscle,  spleen  and 
lungs  have  the  same  power,  due  possibly  to  an  enzyme  they  contain.  It 
is  even  possible  that  this  enzyme  occurs  in  the  urine  since  creatine  turns 
to  creatinine  in  the  urine  more  rapidly  than  the  number  of  hydrogen 
ions  present  would  lead  one  to  expect.  Perfusion  experiments  also  show 
clearly  that  the  liver  and  muscles  have  the  power  of  destroying  and 
of  making  creatinine  out  of  creatine.  Creatine  is  destroyed  also  in  many 
tissues,  but  it  is  not  known  what  becomes  of  it.  It  has  been  suggested 
that  it  is  first  turned  into  creatinine  and  then  destroyed,  but  this  is  not 
certain.  If  one  extirpates  the  kidneys  the  amount  of  creatine  in  the  blood 
increases  from  about  2  mgs.  per  hundred  grams  to  8  in  the  course  of  48 
hours.  In  six  hours  there  is  no  noticeable  change,  a  fact  that  indicates 
that  the  power  of  the  body  to  destroy  creatine  is  very  great.  That 
one  place  of  transformation  of  creatine  to  creatinine  is  in  the  liver  is 
indicated  by  the  fact  that  if  the  liver  is  poisoned  by  phosphorus  or 
hydrazine,  creatine  replaces  creatinine  in  the  urine.  An  Eck  fistula, 
however,  does  not  cause  creatine  to  appear  in  the  urine.  Even  heated 
blood  serum  is  more  powerful  in  transforming  creatine  to  creatinine 
than  is  water.  Blood  contains  the  following  amounts  of  creatine  and 
creatinine  in  100  grams: 
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_      1, .  -  ^.    .     1  jt.,     .  Creatinine—  Creatine— 

Carotid  deflbrinated  b;ooa  jQgg  nigs. 

Cat   (young  female)    0.85  2.44 

Dog  (young  female)    ; 0.72  1.54 

Adult    (male  dog)    0.38  2.92 

Human  in  100  c.c 1.2-1 .8  :i-5 

Methylation.  Creatine  is  a  methylated  amino-acid.  This  is  a  point 
of  much  interest,  since  none  of  the  amino-aeids  of  the  proteins  are 
known  to  be  methylated.  The  question  at  once  arises  as  to  the  mechan- 
ism of  methylation,  the  place  where  it  occurs,  its  significance  and  what 
substances  may  be  methylated  in  the  body.  This  general  problem  of 
methylation  may  very  well  be  treated  here  in  connection  with  creatine 
and  creatinine  which  are  the  most  important  methylated  substances  in 
the  urine. 

The  power  of  forming  methyl-amino  derivatives  is  very  widespread 
in  nature  and  many  of  such  derivatives  are  of  very  great  physiological 
and  pharmacological  importance.  Choline  and  its  more  active  rela- 
tives, neurine  and  muscarine,  are  methyl  derivatives,  the  former  being 
the  trimethyl-oxysthyl  ammonium  hydroxide;  neurine,  trimethyl- 
vinyl-ammonium-hydroxide  and  muscarine  is  supposed  to  be  the  alde- 
hyde of  choline.  Neurine  and  choline  occur  in  the  animal  organism. 
Adrenaline  is  a  methylated  amine,  being  dioxyphenyl-oxyethyl-methyl- 
amine.  In  plants  the  betaines  and  similar  compounds  are  common,  and 
trigonellin,  and  staehydrin  are  examples  of  this  class  of  bodies. 

It  has  been  found  that  human  and  other  mammalian  organisms 
have  the  power  of  introducing  methyl  groups  into  various  substances 
ingested.  The  methyl  derivatives  are  found  in  the  urine.  Thus  ingested 
pyridine  is  excreted  by  dogs  as  methyl  pyridine  (His)  ;  tellurium  salts 
are  excreted  as  methyl  tellurides  (Hofmeister)  ;  and  naphthalene  also 
appears  as  the  methyl  derivative  (Cohn).  But  rabbits  do  not  methylate 
pyridine  but  excrete  it  unchanged,  the  carnivora  and  herbivora  showing 
important  differences  in  this  respect. 

The  exact  manner  in  which  this  methylation  is  produced  is  not  clear, 
but  it  has  been  suggested  that,  in  plants  at  any  rate,  it  comes  from  the 
union  of  formaldehyde  with  amino  groups.  It  will  be  recalled,  from 
the  discussion  of  the  Sorensen  titration  method,  that  formaldehyde  unites 
with  amino  groups  to  form  methylene  derivatives.  By  reduction  these 
methylene  amines  can  be  changed  to  methyl  amines.  This  seems  the 
probable  method  of  their  formation.  It  has  not  been  shown  that  for- 
maldehyde is  an  intermediary  product  of  metabolism  in  animals,  but  in 
llie  decomposition  of  the  carbohydrates  it  is  not  impossible  that  small 
quantities  may  arise  and  that  this  formaldehyde  is  the  source  of  the 
methylation.  This  view,  however,  can  have  no  solid  basis  until  the 
presence  of  formaldehyde  in  animal  tissues  is  unequivocally  established. 

Concerning  the  place  in  which  such,  formation  of  formaldehyde 
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might  occur  one  turns  naturally  to  the  two  organs  of  the  body  most 
concerned  in  carbohydrate  metabolism,  the  liver,  where  the  carbohy- 
drates may  be  formed  from  pi'olcins  and  stored,  and  the  muscles,  the 
tissues  in  which  carbohydrate  is  torn  to  pieces  and  the  fragments 
burned  for  the  production  of  muscle  energy.  It  is,  perhaps,  more 
likely  that  it  is  in  the  muscles,  where  decomposition  of  carbohydrate 
occurs,  that  small  amounts  of  formaldehyde  may  be  produced  and  there 
the  synthesis  of  methyl  glyeocoU  take  place.  Certainly  in  some  of  the 
iuvertebrates  glycocoll  is  found  in  large  amounts,  not  methylated,  in 
the  muscles.  Formaldehyde  is  itself  very  toxic  and  possibly  glyco- 
coll, which  serves  in  other  instances  as  a  means  of  making  toxic  sub- 
stances harmless,  may  also  thus  function  in  the  muscle,  thus  forming 
sarcosine. 

Relation  of  creatine  and  creatinine  excretion  to  muscular  metabolism. 
But  while  the  muscles  are  the  organs  in  which  creatine  is  found  in  the 
largest  amounts,  and  while  the  muscles  are  able  to  form  creatine,  it  is 
probable  that  the  creatine  metabolism  does  not  play  a  part  in  muscular 
contraction.  While  the  evidence  is  somewhat  contradictory  on  the  be- 
havior of  muscle  creatine  in  tetanus  or  during  muscle  contraction,  it  is 
certain  that  doing  muscular  work  does  not  increase  creatinine  excretion. 
On  the  other  hand,  it  is  true  that  creatinine  excretion  is  larger  during 
the  day  than  at  night  when  the  muscles  are  relaxed.  It  has  been  sug- 
gested that  creatine  is  concerned  in  the  tonic  contraction  of  muscles. 
Thus  standing  in  a  rigid  military  position  is  said  to  increase  creatinine 
excretion.  It  is  doubtful,  however,  whether  there  is  this  fundamental 
distinction  in  kind  between  what  is  known  as  tonic  contraction  and  the 
ordinary  contraction  of  muscle.  On  the  other  hand,  it  has  been  sug- 
gested that  creatine  is  evolved  in  the  course  of  the  formative  metabolism 
of  muscle  which  involves  the  making  of  muscle  substance  and  its  ma- 
chinery. It  represents  rather  the  wear  and  tear  of  the  machine  than 
consumption  for  purposes  of  obtaining  energy.  This  is,  perhaps,  the 
most  reasonable  view  of  creatine  and  it  explains  why  all  organs  have  and 
produce  creatine.  It  is  evidently  not  a  substance  having  to  do  with  a 
particular  function,  like  that  of  contraction,  but  some  function,  like 
growth,  common  to  all  cells. 

It  is  probable  that  creatine  of  muscle  is  not  free,  although  it  is  so 
easily  extracted  with  water,  but  that  it  is  combined  with  the  colloids  of 
the  muscle.  Otherwise  it  would  most  probably  escape  from  the  cells. 
How  much  of  it  is  actually  given  off  from  the  muscles  in  the  course  of 
the  day  cannot  be  said.  Safe  conclusions  cannot  be  drawn  from  the 
fact  that  it  is  given  off  from  the  muscles  to  perfusion  liquids,  for  the 
condition  of  perfused  tissues  is  generally  far  from  normal.  Most  ob- 
servers are  of  the  opinion  that  the  greater  part  of  the  creatine  is  de- 
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stroyed  in  the  body  and  that  only  a  small  portion  escapes  in  the  form 
of  creatinine. 

Summary.  The  principal  results  and  conclusions  of  the  chapter 
may  be  summarized  as  follows: 

There  is  excreted  in  the  urine  of  human  male  and  female  adults 
about  1  to  2  grams  of  creatinine  a  day.  The  amount  is  entirely  independ- 
ent of  the  protein  intake,  but  is  increased  by  the  ingestion  of  creatinine, 
most  of  which  reappears  unchanged  in  the  urine.  The  ingestion  of 
creatine  increases  creatinine  only  very  slightly  and  it  may  not  increase 
it  at  all;  it  may  increase  somewhat  the  creatine  excretion.  What  be- 
comes of  the  greater  part  of  the  creatine  thus  ingested  is  unknown. 
Creatine  is  found  only  occasionally  and  in  small  quantities  in  the  urine 
of  adult  men,  a  few  mgs.  per  day,  but  it  occurs,  or  is  supposed  to  occur, 
in  larger  amounts,  60-100  mgs.  per  day,  in  the  urine  of  women  during 
menstruation,  in  the  first  few  days  after  childbirth,  and  during  preg- 
nancy. It  is  usually  present  in  children's  urine,  particularly  in  girls', 
and  may  make  from  one-tenth  to  one-third  the  amount  of  the  creatinine. 

The  amount  of  creatinine  excreted  in  adults  both  male  and  female 
is  roughly  proportional  to  the  body  weight ;  about  7-11  mgs.  of  creatinine 
nitrogen  per  kilo  body  weight  being  excreted  in  24  hours.  This  figure  is 
called  the  creatinine  co-efiScient.  The  combined  creatine  and  creatinine 
undergoes  little  change  during  fasting,  but  the  amount  of  creatinine 
diminishes  and  that  of  creatine  increases,  if  the  method  of  determina- 
tion of  creatine  is  correct.  The  same  result  occurs  in  carbohydrate 
starvation,  in  diabetes,  both  natural  and  phlorizin,  and  in  the  early 
stages  of  wasting  diseases  such  as  fevers,  muscle-atrophy,  etc.  These 
facts  all  show  that  creatinine  has  an  endogenous  origin  and  that  unlike 
urea  it  is  unaffected  by  the  intake  of  protein. 

There  is  found  in  the  voluntary  muscles  about  0.35-.48  per  cent,  of 
creatine  and  large  amounts  are  found  also  in  the  liver,  the  involuntary 
and  heart  muscle,  in  the  brain,  testes  and  other  organs.  The  total 
amount  of  creatine  in  the  body  is  thus  about  120  grams.  This  creatine 
of  the  body  is  probably  the  origin  of  the  creatine  and  creatinine  of 
the  urine.  The  muscles  have  the  power  of  forming  creatine  from 
glycocyamine  and  they,  and  other  organs,  can  turn  creatine  to  creatinine. 
Extracts  of  the  organs  have  this  same  power  which  is  probably  to  be  as- 
cribed to  a  ferment.  Probably  the  kidneys  are  active  in  changing  the 
creatine  arriving  by  the  blood  to  creatinine,  but  it  is  certain  that  they 
are  not  the  only  organs  having  this  property.  The  tissues  are  also 
able  to  destroy  creatine,  but  what  is  formed  from  it  is  unknown. 

The  increase  of  creatine  in  the  urine  in  diabetes  and  carbohydrp+e 
starvation,  or  after  the  injection  of  thyroid  extract,  is  ascribed  by  Folin 
Shaffer  and  others  to  the  increased  catabolism  of  the  tissues,  but  it  i$ 
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also  possible  that  it  is  due  to  the  setting  free  of  the  creatine  from  the 
combination  in  which  it  is  in  the  muscles.  Nothing  definite  is  known 
of  the  function  of  creatine  in  the  muscles  and  the  other  organs ;  whether 
it  is  primarily  a  waste  product,  or  whether,  by  its  presence,  it  affects 
the  metabolism  of  the  tissues.  Further  investigations  are  very  neces- 
sary on  this  point.  While  all  the  really  important  questions  about  the 
origin  and  significance  of  creatine  and  creatinine  still  remain  unan- 
swered it  appears  that  these  substances  hold  a  very  important  place  in 
metabolism  and  the  constancy  of  the  excretion  of  creatinine  indicates 
that  it  is,  as  Folin  suggested,  an  index  of  the  real  catabolism  of  the 
vital  machinery  of  the  body  proper,  in  distinction  from  that  catabolism 
which  increases  the  free  energy.  The  accumulation  of  creatinine  in  the 
blood  only  occurs  after  long-continued,  serious  impairment  of  the  kid- 
neys. An  amount  of  5  mgs.  or  more  in  100  c.c.  blood  indicates  an 
irremediable  condition  of  the  kidney  and  death  within  three  months. 
(Meyers  and  Killian.)     (See  page  1017.) 

Purine  bodies  and  allantoine  in  the  urine. — The  most  important 
purine  found  in  human  urine  is  uric  acid,  but  there  is  also  present  about 
30-50  mgs.  of  purine  bases,  xanthine,  hypoxanthine,  guanine  and 
adenine.  The  first  two  are  the  more  abundant.  Allantoine  is  present  in 
adult  human  urine  in  extremely  small  amounts,  not  more  than  14  mgs. 
per  day ;  but  in  other  mammalia  it  may  be  present  in  very  much  larger 
amounts,  25-30  grams  a  day  being  secreted  by  cows.  While  allantoine 
is  not,  strictly  speaking,  a  purine,  it  represents  in  many  mammalia  the 
end  product  of  purine  metabolism  and  must,  therefore,  be  considered 
with  the  purines.    For  methods,  see  page  1097. 

Uric  acid. — Probably  no  nitrogenous  substance  in  the  urine  has  been 
more  studied  than  uric  acid.  It  is  present  in  human  urine  only  in  small 
quantities,  the  excretion  varying  from  0.3-1.2  gram  per  day  in  the 
human  adult,  the  average  amount  being  about  0.6  gram.  The  amount 
varies  with  the  diet,  state  of  health  and  individual  idiosyncrasy.  Of 
the  total  nitrogen  of  the  urine  between  5  and  10  per  cent,  is  excreted  as 
uric  acid  nitrogen.  But  though  present  in  small  quantities,  this  acid  has 
long  attracted  the  attention  of  physicians  and  physiologists  because  of 
the  problems  involved  in  its  origin,  its  significant  variation  in  disease, 
its  insolubility,  which  causes  it  to  form  part  of  the  sediment  of  the 
arine,  and  above  all  because  of  its  deposition  in  the  joints  in  the  form 
of  crystalline  insoluble  salts  in  arthritis  and  gout. 

While  in  the  mammalia,  amphibia  and  fishes  the  quantity  of  urie 
acid  excreted  in  the  urine  is  small  and  is  but  a  small  proportion  of  the 
total  nitrogen  outgo,  in  birds  and  reptiles  this  substance  takes  the  place 
of  urea  and  in  these  animals  most  of  the  nitrogen  excretion  is  in  this 
form.    In  the  invertebrates,  also,  in  the  arthropods  and  particularly  in 
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the  moUusks,  the  excretion  of  nitrogen,  to  a  considerable  extent  at  any 
rate,  is  in  the  form  of  the  purine  bases  and  uric  acid. 

There  can  be  little  doubt  that  the  substitution  of  uric  acid  for 
urea  as  the  form  of  nitrogen  waste  in  reptiles  and  birds  is  an  adaptation 
fitting  them  to  a  dry  climate,  the  particular  object  of  the  change  being 
the  conservation  of  the  water  of  the  body.  Uric  acid  has  very  little 
alBnity  for  water  and  is  almost  insoluble;  and  the  acid  salts  are  also 
insoluble;  hence  uric  acid  is  not  excreted  in  bird's  urine  in  solution,  but 
in  the  form  of  masses  of  crystals,  very  little  water  being  excreted  at  the 
same  time.  Urea,  on  the  other  hand,  is  a  very  soluble  substance ;  it  has 
a  very  great  aiBnity  for  water  and  takes  a  good  deal  of  it  out  of  the  body 
when  it  is  excreted.  It  is  a  good  diuretic.  The  birds  were  evolved  from 
the  reptiles  and  the  reptiles  from  the  amphibia  which  have  urea  as  the 
nitrogen  end  product.  The  reptiles  were  probably  formed  or  evolved  in 
some  arid  region,  since  in  all  the  particulars  of  their  bodies  they  show  this 
same  adaptation.  Thus  they  have  replaced  the  moist  skin  of  tlv^ 
amphibia  by  the  scaly,  hard,  dry  covering  of  the  reptile,  which 
prevents  loss  of  water  through  the  skin.  Possibly  if  their  lungs 
were  examined  they  would  be  found  to  allow  of  less  water  pass- 
ing through  than  is  the  case  with  the  amphibian  or  mammalian 
lung. 

Chemical  nature.    Uric  acid  is  2,  6,  8  tri-oxy  purine. 

H— N— C  =  O  N=C— OH 

II  II 

0=C    C— NH  (2)H0— C    C^NH 


^C— OH  (8) 


I  1     >=°  I  I   > 

H— N— O— NH  N— C— M 

Uric  acid.     Lactam  form.  Lactim  form. 

The  formula  is  usually  written  in  the  form  first  given,  but  another 
form  is  possible  and  accounts  for  the  fact  that  it  has  an  acid  nature 
and  that  it  forms  two  series  of  salts.  This  second  form,  the  lactim 
form,  is  probably  in  equilibrium  with  the  ordinary  or  ketone  form. 
According  to  the  latter  formula  the  acid  should  be  a  tribasic  acid, 
but  only  two  series  of  salts  are  known.  It  is  probable  that  the  third 
hydrogen  ion  dissociation  would  be  very  weak.  Intermediate  forms 
between  the  lactam  and  the  lactim  probably  exist  in  which  only  one 
hydroxyl  is  present.  The  lactam  form  is  the  less  stable.  The  hydrogen 
in  tiie  2  and  8  positions  may  be  substituted,  making  possible  two  series  of 
salts.  Of  these  salts  the  acid  salts  are  the  less  soluble  and  particularly 
the  free  acid  and  the  mono-ammonium  salts  are  very  insoluble.  The 
solubility  of  the  free  acid  in  water  is  one  part  in  39,480  parts  at  18° 
and  1  in  15,505  parts  of  water  at  37°  (Gudzent). 
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It  is  a  white,  tasteless  powder  or  crystalline  substance,  composed 
of  rhombic  prisms  or  plates  (Figure  62).  As  it  comes  down  in  the 
urine  it  is  combined  with  or  associated  with  a  red  coloring  matter, 
uroerj'thrine,  and  the  crystals  are  colored  red,  or  brown.  The  forms  are 
very  various,  the  so-called  whetstone  shape  being  common.  Dumb-bell 
and  other  shapes  occur.  The  acid  urates  also  are,  for  the  most  part, 
very  little  soluble,  but  the  dibasic  salts  of  the  alkali  metals  are  more 
soluble.  The  acid  may  precipitate  in  the  urine  in  the  form  of  the 
acid  sodium  or  ammonium  salt  in  balls  of  needle-like  crystals,  of  a 
brownish  red  color,  or  having  irregular  shapes.  The  solubility  of  the 
monobasic  sodium  salt  is  0.8328  gram  of  the  salt  in  a  liter  of  water  at 
18°,  and  0.4141  gram  of  the  ammonium  salt.    At  37°  it  is  respectively 


Fig.  (yj. — I'rvscals  of  arte  acid. 

1.5043  and  0.7413  grams  per  liter.  According  to  Gudzent  these  solu- 
bilities are  only  true  of  the  fresh  solution,  since  the  solubility  gradually 
diminishes  due  to  the  transposition  of  the  lactam  to  the  less  soluble 
lactim  form.  One  part  of  the  normal  sodium  salt  dissolves  in  77  of 
water  at  18°.  The  normal  potassium  salt  dissolves  in  44  parts  of  cold 
water ;  the  normal  calcium  salt  in  1500  parts  and  the  acid  lithium  salt  in 
60  parts  of  water  (Ralfe).  The  acid  piperazine  salt  is  much  more  soluble 
than  the  alkali  salts.    It  dissolves  in  50  parts  of  water  at  17°  C. 

CH— CH 

2  2 

C  H  N  0  .NH<  ^NH 

6      4     4     3  \  / 

CH  — CH„ 

2  2 

The  methylglyoxalidine  salt  dissolves  in  6  parts  of  water  (Ladenburg. 
Ber.  27,  2952). 

In  acid  solution  uric  acid  is  very  stable.  It  may  be  dissolved  in 
concentrated  sulphuric  acid  without  being  destroyed,  and  from  this 
solution  it  may  be  precipitated  by  addition  of  water.  In  alkaline  solu- 
tion, on  the  other  hand,  it  is  very  unstable,  breaking  up  rather  rapidly 
and   in   the   presence  of   oxygen   oxidizing  itself.     Polin   and   Denis 
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state  that  0.5  per  cent.  NaaCOj  solution  boiled  three  minutes  with 

10  mgs.  of  uric  acid  in  20  c.e.  destroyed  12  per  cent,  of  the  acid 

present.     In    alkalies    it    probably    breaks    into    dialurie    acid    and 

urea. 

HN— CO  HN— CO 


oc 


HO 

2 


OC     CHOH     + 


HN 

2 

Nco 

HN 

2 

Urea. 


C— NH        + 

\co 

HN— C— NH  HN— Co 

Urio  acid.  Dialurie  aeid. 

Uric  aeid,  being  auto-oxidizable  in  alkaline  solution,  is  a  reducing 
substance  and  reduces  Pehling's  solution,  ammoniacal  silver  nitrate, 
phosphotungstic  acid  and  other  oxidizing  substances.  It  is  readily 
oxidized  also  by  permanganate  and  it  can  be  titrated  and  its  amount 
quantitatively  determined  in  this  way.  See  page  1097.  When  oxidized 
it  forms  various  substances,  such  as  alloxan,  or  oxaluric  aeid,  urea, 
oxalic  acid,  carbonic  acid,  tartronie  acid,  allantoine  and  uroxanic 
aeid,  CsHgN^Oj. 


NH— C  =  0 

0  =  0      C  =  0 

NH— C  =  0 
Alloxan  (Mesoxalyl  urea). 


0: 


NH- 
I 

:C 
I 


-C  =  0 
CHOH 


NH— C  =  0 
OH 


0  =  0        C— NH 

^C  =  0 

JTH— C— NH 

Intermediate  form. 


NH— C  =  O 

Dialurie    acid. 

(Tartronyl  urea.) 

0  =  0— OH 

I 
H  — C— OH 

I 
0  =  0— OH 
Tartronie  acid. 

Reactions  of  uric  acid.  Murexide  reaction.  The  crystals  moistened 
with  nitric  acid  and  evaporated  to  dryness  on  the  water  bath  on  a 
porcelain  plate  at  first  dissolve  and  are  partially  oxidized,  a  red 
residue  being  finally  obtained.  On  moistening  this,  after  cooling,  with 
very  dilute  ammonia  a  purple  red  develops,  due  to  the  formation  of 
ammonium  purpurate,  or  murexide.  It  is  called  the  murexide  test  be- 
cause ammonium  purpurate  resembles  the  scarlet  substance  in  the  dye 
obtained  from  the  sea-snail,  murex.  The  coloring  matter  of  murex,  the 
purple  of  the  ancients,  is,  however,  di  bromo-indigo  blue.  If  caustic  soda 
is  used  in  place  of  ammonia  a  deeper  blue  is  obtained,  and  the  color 
disappears  quickly  on  warming.  Some  other  purines  give  this  reaction. 
With  xanthine  and  guanine  the  color  does  not  disappear  on  heating. 
The  formation  of  purpurate  of  ammonia  is  probably  as  follows : 

By  the  hydrolysis  and  oxidation  of  uric  acid,  dialurie  acid  and 
alloxan  are  formed.    These  condense  to  form  alloxantin  which,  in  the 
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presence  of  ammonia,  forms  ammonium  purpurate  or  murexide.     The 
reactions  are  as  follows  * : 

HN— CO  HN— CO  HN— CO  OC— NH 


/ 

OC     C— OH    +     OC     CO 


OC     C 


H     HO 
/               \ 
0 


C     CO 


HN— CO  HN— CO  HN— CO  OC— NH 

Dialuric  acid.  Alloxan.  AUoxantin. 

HN— CO  OC— NH 


Alloxantin  +  NH 

'  3 


H        HO 

/  \ 

OC     C NH C     CO 

I       I  II 

HN— CO  OC— NH 

Purpuric  acid. 


Origin  of  uric  acid.  It  was  long  believed  that  uric  acid  in  mam- 
malian urine  was  an  intermediary  product  of  protein  metabolism, 
which  was  usually  almost  completely  oxidized  by  the  body  to  urea.  The 
occurrence  of  more  than  the  normal  amount  of  uric  acid  in  the  urine 
was,  hence,  supposed  to  mean  that  the  oxidative  powers  of  the  body 
were  impaired  in  some  way.  While  this  view  has  certain  elements  of 
truth  in  it,  it  was  in  its  essentials  quite  erroneous,  as  we  now  know. 
Uric  acid  does  not  come  from  the  ordinary  protein  metabolism.  The 
end  product  of  that  metabolism  is  urea;  but  it  comes  from  the  metab- 
olism of  the  nucleins,  both  of  those  of  the  food  and  those  of  the  tissues. 
The  nucleins,  it  will  be  remembered,  contain  nucleic  acid,  and  nucleic 
acid  contains  purines,  which,  when  oxidized,  form  uric  acid.  Uric  acid 
is,  hence,  of  very  particular  interest  because  of  its  relation  to  nuclear 
metabolism. 

That  uric  acid  came  from  the  nucleins  either  of  the  food  or  the 
tissues  followed  directly  from  Kossel's  discovery  that  the  nucleins  were 
the  mother  substances  of  the  nuclein,  or  xanthine,  bases  as  they  were 
called,  adenine,  guanine,  xanthine  and  hypoxanthine.  These  bodies  are 
now  called  purines  following  the  suggestion  of  Emil  Fischer,  being  re- 
garded as  all  derived  from  purine.  Uric  acid  was  known  to  belong  to 
the  same  group  of  substances  and  to  be  simply  oxidized  xanthine.  Kossel 
suggested,  therefore,  that  uric  acid  in  the  mammalian  urine  did  not  come 
from  the  proteins  in  general,  but  only  from  the  nucleins.  When  nucleic 
acid  was  discovered  by  Altmann,  this  theory  was  made  still  more  precise, 
the  uric  acid  coming  from  this  constituent  of  the  nucleins. 

The  fact  that  uric  acid  comes  from  the  metabolism  of  nucleins  was 
shown  in  the  first  instance  by  feeding  experiments.    If  one  determines 


'  The  formulas  of  alloxantin  and  purpuric  acid  are  still  uncertain. 
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the  amount  of  uric  acid  in  the  urine  it  is  found  that  the  quantity  in- 
creases when  there  is  an  increase  in  the  nucleic  acid  ingested,  but  it  does 
not  increase  nearly  as  much  if  there  is  an  increased  intake  of  proteins 
which  do  not  contain  nucleic  acid.  Glandular  organs  generally  contain 
a  good  deal  of  nucleic  acid,  so  that  a  diet  of  such  organs  in  place  of  meat 
means  an  increase  in  the  nuelein  intake.  In  all  such  diets  the  excretion 
of  uric  acid  is  increased.  This  is  shown  in  the  following  protocols 
(Jerome) : 

Uric  acid  excreted  per  day — gnus. 

Usual   diet    0.554 

"  "      0.480 

"      0.590 

Nuelein    diet.     Testicles    of   herring,...  0.740 

"        "  "  "        "        1.010 

"         "        ....  0.754 

After  period.    Usual   diet    0.452 

«  "  "  "     0.462 

Nuelein  diet.    Pancreas  period   0.606 

"  "  "  "        0.820 

«  «  "  "        0.612 

After  period.    Usual  diet    0.446 

«  «  <t  tt     0.474 

Nuelein  diet.    Thymus  period  1.546 

"  «  "  "        0.740 

Diminished  nuelein  period    0.398 

The  usual  diet  was  a  fairly  hearty  diet.  The  breakfast  consisted  of 
two  eggs,  bread  and  butter,  porridge,  malt  coffee,  milk  and  saccharine. 
The  dinner  consisted  of  meat,  potatoes,  vegetables,  milk  or  rice  pudding, 
bread  and  butter,  fruit,  and  two  dessertspoonfuls  of  whisky,  or  a  pint 
of  champagne ;  lunch  of  fish,  bread  and  butter,  apples. 

It  will  be  observed  that  whenever  glandular  organs  rich  in  nucleins 
were  ingested  then  the  excretion  of  uric  acid  was  increased.  On  a 
nuclein-free  diet,  a  starch  and  cream  and  egg  diet,  for  example,  the 
excretion  fell  to  a  minimum  of  about  0.4  gram  per  day.  The  same  re- 
sult has  been  obtained  by  many  observers.  There  is  no  doubt  that  the 
ingestion  of  nucleins  increases  the  excretion  of  uric  acid;  and  the 
elimination  of  nucleins  from  the  diet  decreases  the  excretion  to  a  cer- 
tain minimum,  but  does  not  abolish  it  entirely.  For  a  nuclein-free  diet 
eggs,  milk,  sugar,  starch  and  cream  furnish  an  admirable  diet  almost 
purine  free.  On  a  diet  of  cream  and  starch  Folin  reduced  his  daily 
output  of  uric  acid  to  about  0.3  gram  and  others  under  his  direction  did 
the  same. 

The  increase  in  the  uric  acid  excreted  after  the  ingestion  of  nucleins 
might  be  either  a  direct  or  indirect  result.  That  is  the  nucleins  of  the 
diet  might  directly  in  the  course  of  their  decomposition  give  rise  to  the 
uric  acid  of  the  urine,  or  indirectly  they  might  stimulate  uric  acid 
production.  It  is  believed  that  they  act  in  the  first  manner  and  we 
accordingly  say  that  some  of  the  uric  acid  of  the  urine  has  an  exogenous 
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source,  meaning  that  it  comes  from  outside,  from  the  nucleins  of  the 
food,  which  have  not  been  incorporated  in  the  nucleins  of  the  body,  but 
are  decomposed  and  part  of  the  molecule  split  off  and  excreted  as  uric 
acid.  The  details  of  this  process,  however,  are  very  badly  known.  It 
is  known  that  the  nucleins  of  the  food  are  digested  by  the  juices  of 
the  intestine  and  its  accompanying  glands,  such  as  the  pancreas,  and  the 
purine  bases  are  set  free.  In  most  tissues,  taken  as  foods,  the  bases  in 
the  nucleins  have  already  been  partially  oxidized,,  while  still  in  the 
nuclein  molecule,  by  the  action  of  the  auto-  digestive  and  oxidizing 
enzymes  of  the  tissue,  so  that  they  get  free  in  the  intestine  in  a  partially 
oxidized  form ;  in  the  form  of  hypoxanthine  and  xanthine,  as  well,  prob- 
ably, as  guanine  and  adenine.  These  bodies  are  at  least  in  part  ab- 
sorbed. Their  absorption  is  followed  by  the  appearance  of  some  uric 
acid  in  the  urine,  but  if  it  be  asked  where  the  oxidation  of  these  sub- 
stances occurs,  whether  in  the  intestinal  mucosa,  or  whether  in  the 
liver  or  some  other  tissue,  and  whether  they  have,  or  have  not,  been 
part  of  the  living  matter  when  they  were  oxidized,  or  whether  they  were 
only  dissolved  in  the  cell  sap  and  never  incorporated  in  the  living  mat- 
ter of  the  cell ;  and  whether,  indeed,  they  may  not  have  acted  by  dis- 
placing some  of  the  bases  already  in  the  cell, — to  these  questions  very 
imperfect  answers  can  be  given,  or  none  at  all. 

It  is,  however,  worthy  of  note  that  of  the  total  purine  ingested,  but 
a  small  part  reappears  in  the  urine  as  uric  acid.  Some  of  the  re- 
mainder is  probably  destroyed  in  the  intestine  by  the  action  of  the 
bacteria,  but  some  is  probably  destroyed  in  the  tissues  or  retained  there 
for  the  time  being.  The  per  cent,  of  purine  nitrogen  in  the  thymus 
gland,  according  to  Burian,  is  0.482.  This  would  correspond  to  about 
1.2  grams  of  purine  in  100  grams  of  the  fresh  tissue.  If  one  eats  two 
hundred  grams  of  sweetbreads  it  should,  therefore,  increase  the  uric- 
acid  excretion  by  2.4  grams,  making  in  all  nearly  3  grams  per  day  of 
uric  acid.  The  actual  increase  of  uric  acid  in  the  urine  is,  however, 
not  more  than  half  this  required  amount,  showing  that  the  purines 
either  had  not  been  absorbed,  or  that  they  had  been  retained,  or  that 
they  had  been  destroyed.  This  fact  of  the  destruction  of  uric  acid  in 
the  human  body  is  well  illustrated  in  the  following  experiment  of  Tay- 
lor and  Rose.  For  three  days  the  subject  was  on  a  purine-free  diet,  con- 
sisting of  milk,  eggs,  starch  and  sugar ;  then  for  three  days  a  part  of  the 
total  nitrogen,  10  grams  per  day,  was  substituted  in  the  form  of  sweet- 
breads, so  that  of  the  10  grams,  7  grams  were  in  egg  and  milk  and  3 
grams  in  the  sweetbreads ;  for  the  next  four  days,  six  grams  of  nitrogen 
of  the  eggs  and  milk  were  replaced  by  sweetbread  nitrogen;  and  for 
the  next  four  days  the  purine-free  diet,  containing  10  grams  of  nitro- 
gen, was  restored. 
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iBt  period 
Purlne-free  diet 

2nd  period 

3rd  period 

4th  period 
Purine- free  diet 

Total  urinary  N  

Urea  N  and  NH^ 

8.9 

7.3 

0.58 

0.11 

0.09 

0.91 

8.7 

7.1 

0.55 
0.17 
0.14 
0.88 

9.1 

7.1 

0.86 

0.26 

0.24 

1.18 

8.8 

7.05 

0.47 

Purine  N   (Total)    

0.10 
0.07 

Remainder  N    , 

1.18 

The  intake  of  purine  N  in  the  2d  period  was  0.17  and  in  the  3d,  0.34 
grams  per  day.  The  increase  in  uric  acid  excreted  accounted  for  less 
than  half  of  that  ingested.  The  purine  base  N  in  the  urine  remained 
constant.  That  much  the  larger  portion  of  the  purine  nitrogen  is 
either  not  absorbed,  or  else  is  retained  or  destroyed,  is  shown  by 
Weintraud,  who  calculated  that  the  amount  of  uric  acid  which  war, 
excreted  after  a  nuclein  diet  was  not  sufficient  to  cover  more  than 
one-fifth  of  the  amount  computed  that  there  should  be  from  the- 
increase  in  the  phosphoric  acid  excretion. 

Time  of  excretion.  The  study  of  the  output  of  uric  acid  from  hour 
to  hour  has  led  to  the  discovery  of  some  very  curious  and  unexpected 
facts.  Hopkins  and  Hope  found  that  taking  food,  even  when  it  was  free 
from  nuclein,  led  in  an  hour  or  two  to  a  great  increase  in  uric  acid 
excretion,  which  was  at  a  maximum  3-4  hours  after  the  meal,  while  the 
urea  maximum  was  about  6-7  hours  after  eating.  After  fasting  6 
hours  a  meal  of  bread  and  potatoes  was  eaten  at  1 :  30  and  the  urea  and 
uric  acid  measured  in  the  urine  each  hour. 


Time 

Urea— grams 

Uric  acid— mgs. 

Amount  of  urine— c.o 

10—11 

1.07 

26 

175 

11—12 

1.13 

27 

118 

12—1  P.M. 

1.07 

24 

164 

1—2   (meal) 

0.64 

21 

60 

2—3 

1.12 

22 

43 

3—4 

1.16 

38 

41 

4—5 

0.84 

40 

53 

6—6 

1.16 

56 

69 

ft— 7 

1.20 

39 

56 

7—8 

1.37 

30 

96 

8—9 

1.47 

33 

183 

9—10 

1.33 

24 

155 

10—11 

1.33 

23 

180 

These  results  have  been  confirmed  by  Smetanka,  who  showed  that 
eating  purine-free  meat  and  even  carbohydrates  causes,  2-3  hours  later, 
a  marked  increase  in  uric  acid  excretion.  This  increase  is  not  due  to  the 
daily  variation  in  the  uric  acid  excretion  which  occurs  even  in  fasting, 
the  morning  excretion  being  always  greater  than  the  afternoon,  as  in 
the  experiment  following  from  Smetanka: 
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Time 

When  fasting 

ft— 7   P.M. 

9.6 

7—8 

11.7 

8—9 

12.2 

9—10 

11.6 

10—11 

10.7 

11—12 

10.5 

12—1   A.M. 

10.6 

1^2 

11.4 

2—3 

11.7 

3-4 

11.7 

4—5 

13.5 

5—6 

12.9 

Hourly  Exobetion  of  Ueio  Acid  in  Mgs. 

When  at  9  p.m. 
880  grams  of  casein  eaten 

10.2 

9.7 

9.6 

9.7 

17.9 

19.7 

19.7 

19.2 

19.2 

17.5 

17.5 

17.5 


Increase 


7.2 
9.2 
8.6 
7.8 
7.5 
6.8 
4.0 
4.6 


Total        54.7  mgs. 

What  is  the  cause  of  this  increase?  It  cannot  come  from  the  diet. 
It  might  come  from  synthesized  uric  acid,  but  Smetanka  believes  that 
it  comes,  as  Mareg  thought  in  1887,  from  the  work  of  the  gastric  and 
intestinal  glands.  It  would  seem  not  impossible  that  it  might  be  due 
to  a  reabsorption  of  uric  acid  precursors  from  the  intestine,  due  to  the 
decomposition  of  the  bacteria  there  and  the  increased  blood  supply, 
causing  an  increased  reabsorption  when  digestion  begins. 

Endogenous  uric  acid.  But  by  cutting  the  nucleins  completely  out 
of  the  food,  or  by  starving,  it  is  not  possible  to  suppress  the  uric  acid 
excretion  entirely.  There  is  still  excreted  about  .3-.5  gram  uric  acid 
per  day.  The  amount  varies  in  different  individuals.  This  residual 
uric  acid  evidently  must  have  its  origin  either  in  the  body  tissues  or 
else  in  the  bodies  of  the  bacteria  of  the  alimentary  canal.  Since  there 
is  reason  for  thinking  that  the  nuclei  of  the  body  cells  are  undergoing 
metabolism,  it  is  generally  believed  that  this  uric  acid  takes  its  origin, 
largely  at  least,  from  the  nucleins  of  the  tissue  nuclei,  and  the  bacteria 
of  the  intestine  are  not  supposed  to  play  any  important  part  in  its 
formation.  At  the  same  time  the  increase  in  uric  acid  excretion,  which 
accompanies  the  activity  of  the  intestine,  an  increase  just  noted,  would 
make  a  careful  investigation  of  this  possible  source  of  uric  acid  desirable. 
The  tiric  acid  which  is  still  produced  in  the  body  after  the  nucleins 
have  been  cut  out  of  the  foods  is  called  endogenous  uric  acid,  meaning 
formed,  or  generated,  within. 

Variation  with  disease.  The  endogenous  uric  acid  will  be,  then,  an 
indication  of  the  nuclear  metabolism  of  the  body  and  may  be  expected 
to  increase  when  that  catabolism  increases,  and  to  decrease  when  it 
decreases.  Thus  it  would  be  expected  that  the  uric  acid  would  increase 
during  embryonic  development,  or  during  growth,  when  much  nuclear 
material  is  being  formed.  That  this  is  the  case  is  shown  by  the  excre- 
tion of  uric  acid  per  gram  body  weight  from  pregnant  women,  and  also 
from  children  at  different  ages.    The  per  cent,  of  uric  acid  nitrogen  in 
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the  urine,  computed  on  the  total  nitrogen,  is  also  greater  at  this  time, 
showing  that  the  nuclear  metabolism  is  greater  relative  to  other  metab- 
olisms. 

In  diseases  involving  tissue  decomposition  uric  acid  excretion  is  also 
increased.  Thus  after  the  crisis  in  pneumonia,  when  the  exudate  of 
the  lungs  containing  a  large  amount  of  leucocytes  is  being  digested  by 
autolysis  and  reabsorbed,  there  is  a  great  increase  in  uric  acid  excretion. 
A  similar  increase  is  seen  in  leucaemia  (leucocythemia),  a  disease  in 
which  the  number  of  white  blood  cells  is  much  increased  above  the  nor- 
mal and  their  decomposition  is  probably  greater  than  the  normal 
amount.  After  extensive  burns  of  the  skin  causing  marked  destruction 
of  tissues  and  their  reabsorption,  there  is,  similarly,  an  increase  of 
uric  acid. 

Source  of  the  endogenous  acid.  We  have  now  to  inquire  what  are 
the  steps,  what  the  processes  and  in  what  organs  the  endogenous  acid 
is  produced.  The  first  steps  in  the  solution  of  this  problem  were  taken 
by  Mare  9  and  Horbaczewski.  The  latter  first  succeeded  in  deriving  uric 
acid  from  a  mammalian  tissue  by  autolysis.  By  grinding  dog's  spleen 
in  a  meat  chopper  and  then  with  sand,  mixing  the  spleen  pulp  with 
blood  well  aerated  and  kept  at  body  temperature,  he  was  able  to  show 
that  uric  acid  was  formed  from  some  elements  of  the  tissue  or  from 
nucleic  acid  added  to  the  pulp. 

From  these  experiments  Horbaczewski  concluded  that  uric  acid  was 
produced  by  the  oxidative  decomposition  of  the  body  nucleins.  Of  the 
various  cells  of  the  body  undergoing  decomposition  the  leucocytes  or 
white  cells  of  the  blood  were  those  most  obviously  disintegrating.  Hor- 
baczewski suggested  that  most  of  the  uric  acid,  namely,  that  following 
digestion,  pneumonia,  leucocythemia,  came  from  the  nucleins  of  these 
cells  and  the  uric  acid  excretion  was  an  index  mainly,  but  not  exclu- 
sively, of  leucocytic  decomposition.  He  suggested,  also,  that  the  rise  in 
uric  acid  following  nuclein  ingestion  was  not  due  to  the  direct  trans- 
formation of  nucleins  of  the  food  into  uric  acid,  but  was  an  indirect 
result  of  the  digestive  leucocytosis  and  decomposition.  Subsequent  re- 
search has  shown  this  view  not  to  be  strictly  true.  Leucocytosis  may 
occur  for  a  short  period  without  an  increase  in  uric  acid,  but  it  is  none 
the  less  true  that  a  long  continued  leucocytosis,  involving  as  it  does  an 
increased  decomposition  of  leucocytes,  always  increases  uric  acid.  The 
parallelism  is  between  the  amount  of  leucocytic  decomposition  and  uric 
acid  excretion,  not  between  the  number  of  leucocytes  in  the  blood  and 
uric  acid  excretion. 

Further  investigation  of  the  nature  of  the  decomposition  of  nucleic 
acid  in  the  body  has  led  to  a  more  precise  knowledge  of  the  various 
steps  in  its  formation  in  mammals.    There  are  in  nearly  all  cells,  and 
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possibly  in  all  cells,  autolytic  or  endocellular  enzymes,  or  nucleases, 
which  decompose  nucleic  acid  into  its  various  constituents.  The  decom- 
position of  the  nucleic  acid  may  occur  in  various  ways.  1.  There  may 
be  a  cleavage  into  mono-nucleotides,  such  as  guanylic  acid.  This  acid 
consists  of  guanine,  d-ribose  and  ortho-phosphoric  acid.  Such  nucleases 
exist  probably  in  yeast  where  guanylic  acid  and  adenosine  have  been 
found.  They  occur  also  in  the  pancreas  of  the  pig  (Jones).  The 
enzyme  which  thus  splits  nucleic  acid  into  horizontal  slices,  as  it  were,  is 
called  polynucleotidase.  2.  A  second  nuclease,  phosphonuelease,  splits 
off  phosphoric  acid  either  from  the  mono-  or  polynucleic  acids,  leaving 
the  nuclein  base  and  the  carbohydrate  united  as  they  are  in  guanosine 
and  adenosine.  3.  Still  another  cleavage  separates  the  nuclein  bases 
from  the  molecule,  leaving  the  phosphoric  acid  joined  to  the  carbo- 
hydrate radicle. 

These  various  cleavages  appear  in  the  autolysis  of  different  cells 
and  are  believed  to  be  due  to  different  nucleases.  At  any  rate  the 
purine  bases  are  set  free  in  most  autolyses.  Before  being  set  free,  how- 
ever, they  may  be  oxidized  or  deamidized  and  then  split  free  from  the 
sugar.  Thus  in  some  organs  during  autolysis  guanine  is  not  set  free  as 
such,  but  as  xanthine  by  an  hydrolysis  as  follows: 

HN— C  =  0  HN— 0  =  O 

NH  =  C    C— NH    -f    HO    +  (Guanase.) 0  =  0    C— NH  +NH 

Guanine.  Xanthine. 

Adenine  may  be  converted  into  hypoxanthine  by  hydrolysis  by  adenase 
and  then  by  oxidation  to  xanthine.  The  xanthine  may  then,  if  oxygen  is 
present,  be  converted  by  oxidation  through  the  agency  of  the  ferment 
xanthineoxidase  to  uric  acid. 

N  =  C— NH^       HN— C  =  NH  HN— 0  =  0 

HC     C— NH — -HC    C  —  NH  +  HO  +  (Adenase.) — ►HO    O— NH     +  NH 

Adenine.  Imide  form.  Hypoxanthine. 

HN  — 0  =  0  HN  — 0  =  0 

HC      C  —  NH -f- O  -t-  (Hypoxanthineoxidase.) -00      C  —  NH 


>CH 

0— N  HN— e 


J'^ 


Hypoxanthine.  Xanthine. 
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HN  — C  =  0  HN— C=0 

II  I       ' 

OC      C  — NH    +    O    +    (Xanthinoxidase.)  =      OC     C  — NH 

I    II    >  I   I      "=» 

Hlir  — C  — N  HN— C  — NH 

Xanthine.  Uric  acid. 

The  following  list  of  enzymes  concerned  in  nucleic  acid  decomposi- 
tion has  been  given  by  Jones  and  Amberg : 

1.  Phosphonucleaae.  6.  Guanase. 

2.  Purine  nuclease.  7.  Xanthosin  hydrolase. 

3.  Guanosine  desamidase.  8.  Inosine  hydrolase. 

4.  Adenosine  desamidase.  9.  Xanthinoxidase. 

5.  Adenase.  10.  Uricase. 

The  phosphonuclease  splits  off  phosphoric  acid  from  nucleic  acid ;  while 
the  purine  nuclease  splits  off  the  purines,  leaving  the  phosphoric  acid  and 
sugar  group  united.  This  is  quite  similar  to  the  splitting  of  raffinose  by 
the  two  enzymes  emulsin  and  invertin.  Raffinose  is  fructose-glucose- 
galactose.  Invertin  splits  off  fructose,  leaving  melibiose,  or  glucose- 
galactose.  Emulsin  splits  off  galactose,  leaving  saccharose.  By  the 
action  of  these  various  enzymes  uric  acid  will  be  formed  from  the  catab- 
olized  nucleic  acid. 

The  distribution  of  these  various  enzymes  in  different  organs  differs 
in  different  animals.  They  are  found,  however,  for  the  most  part,  in 
the  liver,  the  spleen,  the  pancreas  and  thymus.  It  is,  on  the  whole, 
probable  that  some  members  of  the  group  of  enzymes  are  found  in  all 
tissues  of  the  body,  since  the  partial  destruction  of  nucleic  acid  and  the 
conversion  of  guanine  and  adenine  in  their  nucleic  acids  to  hypoxan- 
thine  and  xanthine  on  autolysis  appears  to  be  a  very  common,  if  not  a 
universal  phenomenon.  The  determination  of  the  presence  or  absence 
of  these  various  enzymes  in  different  organs  in  vitro  is  subject  to 
various  sources  of  error.  Thus  there  may  be  inhibitory  substances 
present,  or  the  enzymes  may  be  present  at  times  but  not  at  others,  or 
diet  may  play  a  part  in  their  appearance.  The  statements  in  the  litera- 
ture are,  therefore,  in  part  contradictory.  Negative  evidence  is  not 
worth  a  great  deal.  "Wells  has  compiled  the  results  and  from  his  state- 
ment the  following  excerpt  has  been  made : 

1.  Nuclease.   Present  in  all  cells  investigated. 

2.  Adenase.  Present  in  all  cells  and  tissues  exammed,  including 
bacteria,  except  human  spleen,  liver,  pancreas,  kidney  and  lung,  the 
human  fetus  of  three  months,  tissues  of  the  fetal  dog  until  birth. 

3.  Guanase.  Present  in  tissues  and  cells  investigated,  except  human 
spleen,  spleen  and  liver  of  the  pig  and  the  pancreas  of  the  dog. 

4.  Xanthine-oxidase.  Present  in  the  spleens  of  dogs,  ox,  horse,  but 
absent  from  the  spleen  of  man  and  the  pig;  present  in  the  liver  of 
men,  cows,  pig,  rabbit,  and  possibly  the  dog;  present  in  bovine  muscle, 
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intestine  and  Inng.  bnt  not  in  the  thymus  and  blood  of  cattle,  nor  in 
the  lungs,  pig's  pancreas,  dog's  pancreas  and  human  placenta.  It  is 
lacking  in  the  chief  human  tissues  except  the  liver. 

Destruction  of  uric  acid.  Vricolysis.  Uric  acid  is  an  easily  oxidized 
and  hydrolyzed  substance.  It  is  not  surprising,  therefore,  that  whai 
appears  in  the  urine  is  only  that  portion  which  has  escaped  destruction. 
By  oxidation  allantoine  is  easily  formed  and  this  is  certainly  one  of  the 
substances  formed  in  the  bodies  of  most  mammalia  as  a  result  of  uri- 
colysis.  The  human  body  alone  and  that  of  the  chimpanzee  appears  to 
have  lost  the  power  of  destroying  uric  acid.  If  uric  acid  is  given  by 
the  mouth  only  a  small  portion  of  it  reappears  in  the  urine  as  such. 
For  a  long  time  it  was  thought  that  the  remainder  had  been  destroyed 
by  the  tissues,  but  it  now  seems  more  probable  either  that  it  has  been 
destroyed  by  the  bacteria  in  the  intestine  or  not  absorbed.  Its  fate  is 
unknown.  In  most  of  the  mammalia  the  purines  are  excreted  chiefly  in 
the  form  of  allantoine,  uric  acid  is  the  next  most  important  substance 
and  the  bases  are  excreted  in  very  small  amount ;  but  in  other  mammals 
the  bases  may,  at  times,  surpass  the  uric  acid  excretion.  In  human 
beings,  as  has  been  said,  all  observers  except  Croftan  have  failed 
to  find  any  uricolysis  by  the  extracts  of  human  organs  and  allantoine  is 
present  in  such  small  amounts  in  human  urine  that  the  opinion  is 
generally  accepted  that  human  tissues  have  lost  the  power  of  destroying 
uric  acid.  On  the  other  hand  allantoine,  taken  by  human  beings  by  the 
mouth,  does  not  appear  as  such  in  the  urine  (Minkowski) . 

This  destruction  of  uric  acid  is  brought  to  pass  chiefly  in  the  liver 
or  kidneys,  which  contain  in  mammals  except  man  and  the  primates  a 
uric  acid-destroj-ing  enzyme  or  uricolytic  enzyme,  called  uricase. 

The  first  thorough  study  of  the  destruction  of  uric  acid  was  made 
by  Croftan,  who  found  that  uric  acid  is  destroyed  chiefly  in  the  liver  by 
carnivora,  in  the  kidney  by  herbivora,  and  by  both  these  organs  in 
omnivorous  animals,  men  and  pigs.  He  succeeded  in  isolating  a  sub- 
stance from  these  organs,  an  album  ose-like  body  and  a  nuclein,  whicli 
were  inert  when  separate,  but  which  were  actively  uricolytic  when 
united.  His  results  have  been  criticised  by  various  workers  to  the  effect 
that  he  did  not  sufficiently  guard  against  the  decomposition  of  uric  acid 
by  alkali  and  air  alone,  but  in  view  of  his  controls  the  criticism  appears 
to  the  author  to  be  unfounded  and  subsequent  investigations  have  con- 
firmed nearly  all  of  his  findings.  According  to  Schittenhelm  and 
Wells,  human  liver  does  not  contain  uricase.  It  has  been  found  in  mon- 
key's liver,  but  not  in  that  of  the  chimpanzee.  Croftan 's  positive  find- 
in?  of  uricase  in  human  liver  remains,  as  yet,  unexplained.  It  is  pos- 
sible that  under  different  conditions  of  disease,  or  possibly  of  diet,  the 
uricase  may  vary  in  amount. 
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The  following  are  some  of  the  results  of  Croftan  in  the  destruction  of 
uric  acid  by  the  ground-up  dried  organs  after  they  had  been  extracted 
with  alcohol  and  ether.  The  uric  acid  was  dissolved  in  weak  sodiiaii 
carbonate  and  the  organ  powders  were  suspended  in  this  and  a  stream 
of  air  passed  through. 


ADimal 

Organ 

Flask  1. 
Uric  acid  de- 
termined at  once 

FliiBk  a. 
Boiled  and  then 
48  hours  at  88° 

Flask  3. 

Not  boiled  at 

38° 

48  lioiir« 
Loss  per  cent. 

Dog 

Liver 

0.327 

0.325 

0.225 

31.1 

Kidney 

0.319 

0.319 

0.312 

2.4 

Muscle 

0.330 

0.326 

0.303 

8.2 

Blood 

0.321 

0.317 

0.313 

2.5 

Spleen 

0.327 

0.320 

0.319 

2.4 

Similar  results  have  been  obtained  by  Schittenhelm,  Wiechowski  and 
other  observers. 

Chemistry  of  the  destruction  of  uric  acid.  Allantoine.  In  most 
mammals  allantoine  is  formed  by  the  oxidation  of  uric  acid.  Certainly 
in  the  dog  all  of  the  uric  acid  appears  to  go  into  allantoine,  but  whether 
this  is  always  the  ease  in  other  mammals  or  not  is  very  doubtful.  In 
most  experiments  in  which  uric  acid  has  been  ingested  or  injected  only 
a  portion  of  the  uric  acid  thus  ingested  has  been  recovered  as  allantoine. 
What  becomes  of  the  rest  is  unknown.  In  human  beings  the  allantoine  is 
not  increased  by  uric  acid  ingestion  or  injection,  but  the  uric  acid  is  in 
part  excreted  as  such.  In  fowls  it  appears  from  the  work  of  Ascoli  that 
certainly  a  portion  of  uric  acid  is  hydrolyzed  in  the  liver  to  form 
dialuric  acid,  as  shown  on  page  740.  Perhaps  this  happens  in  other 
animals.    This  question  must  be  left  for  further  investigation. 

According  to  Sundwik,  the  oxidation  to  allantoine  by  permanganate 
probably  goes  through  uroxanic  acid  as  follows : 
NH— CO  NH— CO 

OC        C  — NH     +    flOH     -f    O ►00        C(OH)NH  — 

I         I      \co  'I  \m 

I       I     /CO  II         ^CO 

NH— C— NH  NH— C(OH)  NH 

Uric  acid.  Intermediate  form. 


+    NaOH- 


NH     COONa 

t    '     I 
00        C(OH)XH    — 

I       '         \co 

NH— C(OH)NH 
Uroxanic  acid 
(sodium  salt). 


by  acid 


NH 

2 

OC        CO— NH 

I        I        \co    +   CO, 

NH— OH- NH 
Allantoine. 
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The  oxidation  in  dogs  and  other  mammals  may  follow  a  similar 
course. 

Distribution  of  nitrogen  "between  different  purine  bodies  in  different 
mammalia.  In  most  of  the  mammalia  79-98  per  cent,  of  the  uric  acid 
formed  in  the  body  is  converted  into  allantoine.  In  man  80-100  per 
cent,  appears  to  escape  destruction.  The  proportion  of  uric  acid  and 
bases  also  varies  widely.  The  following  table,  taken  from  Hunter  ahd 
Givens'  work,  illustrates  this  variability  in  different  mammalia.  The 
figures  under  total  purine  nitrogen  are  simply  average  figures  added 
from  their  other  tables  to  give  some  idea  of  the  total  nitrogen  appear- 
ing per  day  in  the  form  of  purines,  including  allantoine.  This  total  is 
very  variable  and  depends  in  part  on  diet,  since  many  vegetables  con- 
tain allantoine. 


Orders  and  Bpecles 

Total  parine 

nitrogen— 

grmB. 

Per  cent,  of  purine-allantoine  nitrogen 

Uricolytic 
indez 

Allantoine 

Uric  acid 

Bases 

coefficient 

Marsupialia 

Opossum 

Rodentia 

Rabbit 

Guinea  pig. . . 

Rat 

0.04 

0.2-0.6 

1.0 

8.0 

1.6 

0.3 

0.25 

0.1-0.3 

0.16 

0.045 

0.2 

76.0 

91.0 
93.7 

64.0 
81.0 
92.1 
88.0 
92.3 

92.6 
96.9 
97.1 
95.6 

66.0 

2.0 

19.0 

6.0 
3.7 

16.0 
7.0 
7.3 

12.0 
1.8 

5.4 
1.9 
1.9 
2.6 

8.0 

90.0 

6.0 

3.0 
2.7 

20.0 

12.0 

0.7 

0.5 

5.8 

2.0 
1.2 
1.3 
1.8 

26.0 

8.0 

79 

95 
94 
96 

80 
92 
93 
88 
98 

95 
98 
98 
97 

89 
0 
2 

4.1 

26.0 
27.0 
37.0 

8.0 
17  0 

Ungulata 

Sheep 

Goat 

Cow 

Horse 

Pig 

18.0 

3.7 

12  0 

Carnivora 

Raccoon 

Badger 

Doff. . . 

16.0 
28.0 
29  0 

Coyote 

Primates 

Monkey 

Chimpanzee . . 
Man 

23.0 
4.5 
25 

The  foregoing  table  shows,  at  a  glance,  the  exceptional  nature  of  the 
purine  metabolism  of  man  and  the  chimpanzee.  Attention  is  called  to 
the  fact  that  in  the  monkey  and  some  other  mammalia  the  proportion  of 
purine  base  nitrogen  may  be  larger  than  that  of  uric  acid.  The  fact  that 
in  man  uric  acid  is  so  much  greater  than  the  allantoine  has  led  to  the 
conclusion  that  man  has  no  power  of  destroying  uric  acid,  and  this  is 
in  harmony  with  the  fact  of  the  absence  of  uricase  from  his  tissues. 
But,  on  the  other  hand,  the  very  small  purine  coefficient  arouses  the  sus- 
picion that  some  of  his  purine  catabolism  is  represented  in  other  forms 
of  nitrogen,  and  the  question  whether  man  does  or  does  not  destroy  uric 
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acid  or  other  purines  cannot  be  said  to  be  definitely  settled.  The  purine 
coefficient  in  the  above  table  represents  the  milligrams  of  purine- 
allantoine  nitrogen  secreted  per  day  per  kilo  body  weight; 
the  uricolytic  index  is  the  ratio  of  allantoine  nitrogen  to  the  sum 
of  allantoine  and  uric  acid  nitrogen  only.  "It  is  taken  as  the 
measure  of  the  animal's  capacity  to  oxidize  uric  acid  arising  interme- 
diarily." 

With  the  discovery  of  the  origin  of  uric  acid  we  have  not,  by  any 
means,  exhausted  the  subject.  Uric  acid  is  but  one  of  the  purines, 
purines  are  important  constituents  of  the  most  important  constituent  of 
living  matter,  namely,  the  chromatin  of  the  cell  nuclei.  The  very  preg- 
nant question  remains  behind,  namely,  can  the  animal  organism  make  its 
purines  from  other  nitrogenous  material  of  a  non-protein  kind,  or  must 
it  depend  entirely  on  purine  materials  in  the  food?  If  it  does  make 
purine  from  amino-acids,  why  may  not  some  of  the  uric  acid  have  this 
origin  ?  Why  must  it  be  formed  altogether  from  the  nucleins  of  the  food 
or  from  those  of  the  body  cells  ?  The  question  thus  raised  is  susceptible 
of  but  partial  answer  at  this  time.  A  recent  observation  of  Taylor  and 
Rose,  in  which  a  man  on  a  purine-free,  egg,  starch  and  sugar  diet  in- 
creased the  nitrogen  intake  from  about  6  to  40  grams  of  nitrogen  per 
day  with  an  accompanying  increase  of  uric  acid  excretion  from 
about  0.3  to  6.82  gram  per  day  would  indicate  that  the  uric  acid  of 
the  urine  may  be  synthesized  in  part  from  non-purine  precursors. 
On  the  other  hand,  this  rise  may  be  due  to  a  stimulated  nuclein 
catabolism. 

Synthesis  of  uric  acid  in  iirds  <md  reptiles.  There  is  no  doubt  that 
the  sauropsida,  the  birds  and  reptiles,  are  able  to  form  purines  and 
uric  acid  from  non-purine  forerunners.  Thus,  if  they  be  fed  on  proteins 
poor  in  nuclein,  the  greater  portion  of  the  nitrogen  appears  in  the 
urine  in  the  form  of  uric  acid.  Similarly,  if  their  livers  be  perfused 
with  blood  containing  various  amino-acids,  uric  acid  is  formed.  They 
convert  ammonium  lactate  into  uric  acid.  Purine  synthesis  is  for  them 
very  easy  of  accomplishment.  Moreover  all  the  invertebrates,  so  far  as 
they  have  been  examined,  are  found  to  secrete  their  nitrogen  largely 
in  the  form  of  purine  nitrogen.  They  must  manufacture  their  uric  acid 
also  from  non-purines.  All  plants  have  this  power.  Assuredly  so 
general  a  property  of  living  matter  is  not  lacking  in  the  mammals.  All 
mammals  live  during  the  first  months  of  life  chiefiy  on  milk,  which  is 
almost  free  from  purines,  and  at  this  very  time  they  are  manufacturing 
and  catabolizing  nucleins  at  a  very  rapid  rate.  In  the  developing  bird's 
egg  the  purine-free  proteins  of  the  yolk  and  white  are  in  part  con- 
verted rapidly  into  nucleic  acid. 

The  power  of  synthesizing  purines  from  non-purine  precursors  ap- 


738  PHYSIOLOGICAL   CHEMISTRY 

pears,  therefore,  to  be  a  universal  attribute  of  living  cells.  It  is  not  at 
all  probable  that  this  power  is  lost  in  the  adult  mammalia,  for  no  evi- 
dence has  thus  far  been  obtained  that  purines  are  necessary  in  the  food 
to  make  good  purine  waste.  "With  the  mammalian  organism  having  this 
power  of  synthesis  of  purines  which  are  converted  so  readily  by  the 
purine  oxidases  into  uric  acid,  it  would  appear  surprising  if  some  of 
the  uric  acid  was  not  formed  directly  from  purine  thus  produced,  be- 
fore it  has  been  incorporated  into  the  nucleic  acid.  We  have  no  evi- 
dence, however,  that  it  is  so  produced,  and  it  might  be  that  the  synthesis 
took  place  only  in  the  nucleus  of  which  the  membrane  might  permit  the 
passage  inward  of  raw  materials,  but  prevent  the  passage  outward  of 
the  synthesized  purines  before  they  were  incorporated  in  the  chromatin 
or  nuclein.  The  fact  that  the  nuclear  wall  is,  in  many  cases,  derived 
from  or  composed;  in  part  at  least,  of  chromatin,  through  which  the 
purine  must  pass  before  escaping  to  the  cytoplasm,  might  be  a  device 
responsible  for  the  failure  of  uric  acid  to  be  set  free  from  these  purines. 
The  purine  oxidases,  perhaps,  are  in  the  cytoplasm,  rather  than  in  the 
nucleus,  and  so  act  only  on  those  purines  which  escape  from  the 
nucleus. 

Various  attempts  have  been  made  to  discover  what  the  raw  ma- 
terials are  from  which  pyrimidine  and  purine  might  be  formed.  This 
matter  has  been  discussed  already  on  page  183.  The  presence  in  the 
sperm  head  of  such  large  amounts  of  the  basic  amino-acids,  histidine, 
lysine,  and  arginine,  draws  attention  to  these  substances  as  the  possible 
precursors.    Moreover,  arginine  has  guanidine  already  in  its  molecule. 

Not  only  does  the  dog  and  ox  liver  have  the  power  of  destroying 
uric  acid,  but  it  will  also  resynthesize  it  if  the  conditions  are  changed 
( Ascoli  and  Tzar).  The  same  fact  is  true  of  the  livers  of  birds,  althougli 
their  behavior  in  this  respect  appears  to  vary  with  the  diet.  Thus  hens 
fed  in  the  laboratory  resynthesized  uric  acid  without  difficulty  (Izar), 
and  behaved  both  in  regard  to  uricolytic  powers  and  resyntheses  like 
dog's  liver,  whereas  little  resynthesis  was  obtained  from  the  livers  of 
hens  bought  in  the  market.  Brunton  and  Bokenham  showed  long  since 
that  the  power  of  resynthesis  was  lacking  in  livers  of  dogs  which  have 
fasted  72-192  hours;  such  dogs  have  also  a  much-reduced  power  of 
uricolysis,  a  fact  of  importance  in  understanding  the  contradictory 
results  obtained  with  human  livers.  If  blood  was  added  which  had  been 
taken  from  a  dog  fed  shortly  before,  the  power  of  synthesis  returned. 
The  following  protocol  illustrates  this. 
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I'lXPERIMENT    ILLUSTEATING    THE    DEPENDENCE    ON    DiET    OF    UbIC    A.CID    DESTBUCTION 

AND  Synthesis  by  Doo's  Livee  : 

160  grams  of  sieved  liver  pulp  of  a  dog  5  diiys  fasting  plus  1400  c.c.  0.85%  NaCl 
plus  94S.0  mgs.  uric  acid  in  200  c.c.  l-i^CO^  (  I  :90)  solution.  3  days  autolyzed  with 
air  drawn  through  and  then  divided  into  4  equal  parts. 

Uric  acid  recovered 
A.     Coagulated  immediately  149.5  rags. 


Added  100  c.c.  NaCl  solution 

"     "    defibrinated  blood   of 

dog  fasting  72  hours  

Added  100  c.c.  defibrinated  blood  of 
dog  fed  12  hours  before   


then 

72  hours 
autolysis 
under  CO 


1 


147.3 


164.3 


226.22 


It  will  be  seen  that  under  CO.,  the  autolysis  for  72  hours  caused  no 
reformation  of  uric  acid  except  when  blood  had  been  added  from  a  fed 
dog.    The  uric  acid  increased  in  this  case  77  mgs. 

rmcoLYsis  AND  Rbgenekation  of  Ueic  Acid  in  the  Liveks  of  Hens,  Geese  and 

TUBKEYS. 


10  per  cent. 

Uric  acid  found 

sieved  liver 

Hours 

Added  nric 

after  72  hours 

after  a  further  72 

pulp 

fasting 

acid — mgs. 

autolysis  under 

.  hours  autolysis 

a  IT 

under  COg 

Hen        1 

180 

3 

441 

60.2 

322.8 

"         2 

160 

48 

« 

223.4 

242.4 

"         3 

190 

72 

ti 

210.3 

334.9 

4 

290 

6 

391.2 

30.2 

314.7 

5 

220 

48 

417.0 

254.6 

309.0 

6 

350 

3 

790 

256.4 

635.8 

Turlcey  1 

1250 

10 

640.7 

67.8 

556.1 

"       2 

1010 

120 

817.4 

752.6 

740.2 

"       3 

1140 

4 

7C7.2 

136.6 

741.8 

"       4 

1380 

10 

970.1 

188.0 

814.2 

"       5 

1170 

96 

832.1 

654.2 

708.2 

"       6 

1240 

48 

847.4 

550.2 

622.8 

Goose     1 

1430 

10 

811.1 

34.2 

738.8 

2 

1000 

10 

817.4 

168.6 

784.2 

3 

1750 

48 

1014.0 

966 

982.2 

4 

1730 

96 

890 

830.0 

804.6 

5 

1540 

48 

1034.0 

802.0 

879.4 

6 

1150 

102 

913 

870.0 

868.0 

These  experiments  show,  first,  that  birds'  livers  have  great  powei-s 
of  uricolysis  and  this  power  is  enormously  reduced  by  previous  fasting ; 
and,  second,  that  the  uric  acid  reappears  if  autolysis  is  continued  for 
72  hours  under  COj.  If  the  uric  acid  is  really  destroyed,  it  would 
appear  that  when  oxygen  is  present  uric  acid  is  destroyed  or  hydrolyzed 
and  resynthesized  by  reduction  or  when  CO,  is  abundant.  The  quantity 
reappearing  is  in  all  cases  proportional  to  that  which  disappears.  The 
i-esynlhesis  depends  here,  also,  on  the  presence  in  the  blood  of  a  thermo- 
labile  enzyme,  and  an  alcohol-soluble,  heat-stable  component  in  the 
liver,  but  this  coferraent  is  not  present  in  the  kidney.    Hen's  blood  alone 
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destroys  uric  acid  very  fast.  The  ferment  is  not  specific,  that  is  the 
ferment  in  dog's  blood  will  act  in  the  case  of  the  hen's  liver.  A 
further  investigation  showed  that  in  the  presence  of  COg  liver  forms 
uric  acid  out  of  dialuric  acid  and  urea.  On  the  other  hand  lactic, 
paralactic,  tartronic,  acrylic,  oxalic,  mesoxalic  acids  or  their  salts  caused 
no  uric  acid  formation.  AUantoine  had  no  effect.  Izar  was  unable  to 
isolate  the  intermediary  substance.  It  would  seem  probable  from  these 
observations  that  the  liver  decomposed  uric  acid  to  dialuric  acid  and 
urea  and  resynthesized  them  under  conditions  of  reduction  and  possibly 
of  a  change  in  reaction  due  to  the  COj.  Recent  work  makes  these  results 
doubtful. 

NH— C  =  0  NH— C  =  0 


o=A    I 


CHOH  NH^  "      0  =  C       C— NH 

+  ^CO  I        II        ^CO    +    HO 


NH— C  =  0  NH^  NH- 

Dialuric   acid.  Urea.  Uric  acid, 


AUantoine. — C4HeN403.  AUantoine  is  the  diureide  of  glyoxylie  acid. 
This  acid  will  unite  with  urea  through  each  of  its  hydroxyl  groups  to 
form  a  diureide  according  to  the  following  equation : 
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Glyoxylie  acid. 

Urea.                       AUantoine. 
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Boiling  with  alkalies  decomposes  it  by  hydrolysis  into  urea  and 
glyoxylie  acid. 

AUantoine  is  easily  produced  by  the  oxidation  of  uric  acid  with 
lead  peroxide  and  the  allantoine  of  the  urine  arises  certainly  in  part 
from  the  oxidative  decomposition  of  the  purines  as  already  discussed. 
Carbon  dioxide  is  produced  at  the  same  time. 

By  boiling  water  allantoine  is  hydrolyzed  into  urea  and  allanturie 
acid  as  follows: 

NH— CH— NH— CO— NH  NH— CH— OH 

II                                  '  II 

00       I  +    HO     00       I  +    H  N— CO— NH 

II  II 

NH— CO  NH— CO 

Allantoine.  Allanturie  acid.  Urea. 

If  allanturie  acid  is  reduced  it  yields  hydantoine,  C3H4N2O2,  which 
when  hydrolyzed  goes  over  into  hydantoic  acid  (glycol  uric  acid)  and 
finally  to  glycoeoU  and  ammonium  carbonate. 
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Allanturic  acid.  Hvdantoine. 
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Hydantoine.  Hydantoic  acid.  GlycocoU. 

It  will  be  noticed  that  the  ring  in  hydantoine,  except  for  the  double 
bonds,  is  the  imidazole  ring.  AUantoine  is  thus  related  to  the  base 
histidine.  It  is  also  related  to  cyanuric  acid,  C3H3N3O3.  AUantoine 
crystallizes  from  urine  in  sheafs  of  plate-like  crystals,  but  when  pure  in 
clumps  of  prisms,  m.p.  231-232. 

AUantoine  has  been  found  in  the  urine  of  herbivorous  and  carnivo- 
rous animals ;  in  calves',  cows'  and  sheep  urine  and  in  that  of  the  dog,  cat 
and  monkey.  It  was  first  found  in  the  allantoic  fluid  of  the  calf,  whence 
its  name.  It  is  not  found  in  the  urine  of  human  adults,  except  that  it 
has  been,  at  times,  found  in  the  urine  of  pregnant  and  nursing  women. 
It  is  said  to  occur,  however,  in  the  urine  of  children  in  the  first  week  of 
life.  Human  adults  are  said  to  be  able  to  destroy  allantoine  taken  by 
the  mouth,  but  the  lower  animals,  such  as  monkeys  and  the  carnivora, 
are  not  able  to  do  so,  nor  can  a  young  child.  It  is  doubtful  whether 
human  adults  really  have  the  power  of  destroying  the  substance. 

In  the  lower  animals  and  monkeys  allantoine  appears  to  be  a  ter- 
minal product  of  the  purine  metabolism  and  allantoine,  given  by  the 
mouth,  is  excreted  unchanged  in  the  urine.  In  man,  however,  allantoine 
taken  by  the  mouth  does  not  appear  as  such  in  the  urine  (Minkowski). 
It  is  apparently  oxidized  but  the  products  of  its  oxidation  have  not  been 
found.  It  is  possible  that  the  destruction  occurs  in  the  intestine.  Allan- 
toine may  be  prepared  from  the  urine  of  cows  which  secrete  20-30  grams 
a  day.  The  method  for  its  quantitative  separation  from  the  urine  is 
complicated  and  described  on  page  1100. 

Since  purines  are  found  in  plants  as  well  as  animals  it  is  interesting 
to  note,  as  showing  how  closely  similar  the  chemical  processes  are  in  the 
two  divisions  of  the  living  kingdom,  that  allantoine  is  also  found  there. 
It  occurs  in  sprouting  wheat  seedlings  and  is  a  constituent  of  the  bruise- 
wort  or  slippery  root,  Symphytium  officinale. 

Hippuric  acid. — This  acid  is  found  in  the  urine  of  herbivorous  ani- 
mals, such  as  horses  or  cows,  in  large  amount,  but  only  about  .7  gram 
per  day  occurs  in  human  urine.    It  is  of  especial  interest  because,  unlike 
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all  the  substances  discussed  hitherto,  it  represents  one  of  the  chemical 
methods  of  defense  of  the  organism  against  toxic  substances  and  is 
formed  in  the  kidney  itself,  or  at  least  part  of  it  is.  From  both  these 
points  of  view  it  will  well  repay  a  careful  study.  The  name  connects  it 
with  horse  urine.  (Gr,  hippos,  horse;  and  ouron,  urine.) 
Chemistry.    Hippuric  acid  is  benzoyl-glycin,  CoH^NOg, 

O 

C    — C— NH— CH  — COOH 

Hcf         CH 

I  II 

HC  CH 

\^ 
Hippuric  acid. 

It  is  easily  decomposed  by  alkalies,  by  bacterial  action,  by  boiling 
acids,  or  by  an  enzyme  of  the  kidney  (histozyme)  into  glycocoU  and 
benzoic  acid.  It  crystallizes  in  long,  fragile,  I'hombic,  four-sided  prisms, 
which  dissolve  in  600  parts  of  cold  water,  more  easily  in  hot,  readily 
in  alcohol,  slightly  in  ether,  but  readily  in  acetic  ester;  but  which  are 
not  soluble  in  benzene,  petroleum  ether  or  carbon  bisulphide.  The 
melting  point  is  190.2°  (187.5°?)  and  by  farther  heating  the  crystals 
form  a  red  mass,  which  decomposes  with  the  formation  of  an  odor  of 
hay  and  then  of  hydrocyanic  acid  and  benzoic  acid.  Hippuric  acid  may 
be  recognized  by  the  odor  of  nitro-benzene  obtained  on  evaporating  it 
with  nitric  acid  and  heating  the  residue,  a  reaction  given  also  by  benzoic 
acid.  It  is  differentiated  from  benzoic  acid  by  the  insolubility  of  hip- 
puric acid  in  petroleum  ether.  The  alkali  and  alkaline  earth  salts  are 
soluble  in  water;  the  silver  salt  is  less  readily  soluble. 

Occurrence.  Hippuric  acid  occurs,  not  only  in  the  urine  of  cows, 
horses,  pachyderms,  carnivora  and  man ;  it  has  been  found  in  the  sweat 
after  heavy  doses  of  benzoic  acid;  in  the  urine  of  turtles  and  some 
insects ;  but  not  in  bird's  urine.  In  Ihe  urine  of  birds  one  finds  in  place 
of  hippuric  acid  ornithuric  acid,  a  compound  of  benzoic  acid  with 
diamino-valerianic  acid,  or  ornithine,  C-IIi.NoOa,  in  place  of  glycocoll. 
It  is  said  by  Baumann  that  hippuric  acid  completely  disappears  from 
dog 's  urine  if  there  is  no  putrefaction  in  the  intestine. 

Amount.  The  amount  contained  in  the  urine  varies  with  the  diet. 
On  a  diet  containing  much  fruit  or  vegetables  the  excretion  by  human 
beings  may  rise  to  two  grams  a  day.  Herbivorous  animals  excrete  a 
great  deal  more  than  carnivorous.  Its  variation  in  disease  lias  not  yet 
been  studied. 

Origin.  The  wide  variation  of  the  excretion  with  the  diet  indicates 
at  once  that  part  at  least  of  the  hippuric  acid  must  be  derived  frmn  thp 
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food  and  this  has  been  confirmed  by  experiment.  An  increase  in  the 
intake  of  benzoic  acid,  or  of  substances  which  can  form  benzoic  acid  in 
the  body,  causes  a  marked  increase  in  the  hippuric  acid  excreted.  An 
increase  in  glycocoU  intake,  however,  produces  no  change  in  the  output 
of  hippuric  acid.  GlycocoU  is  supplied  by  the  body,  benzoic  acid 
mainly  from  the  foods.  Since  benzoic  acid  is  more  toxic  than  hippuric 
acid,  the  conversion  is  evidently  a  process  of  detoxication,  a  means  of 
defense  of  the  organism  against  poisons.  We  find,  indeed,  that  not  only 
does  the  organism  defend  itself  against  benzoic  acid  by  pairing  it  with 
glycocoU,  but  also  against  other  aromatic  substances,  such  as  phenyl 
acetic  acid,  cresole  and  phenols,  the  same  means  of  defense  is  used.  The 
formation  of  glycocholic  acid  in  the  bile  may  be  a  similar  process,  since 
cholic  acid  is  decidedly  toxic.  It  may  be  mentioned  also,  in  this  con- 
nection, that  other  substances  than  glycocoU  may  be  used  for  pairing 
purposes,  namely,  sulphuric  and  glycuronic  acids. 

Toxic  substances  owe  their  toxicity  to  two  peculiarities:  first,  they 
possess  a  large  amount  of  available  potential  energy,  being  generally 
unstable  compounds  which  liberate  energy  on  decomposing;  and,  second, 
they  are  abnormal  substances  not  used  in  the  normal  metabolism  of 
the  cells  in  question.  The  organism  protects  itself  against  such  sub- 
stances in  several  different  ways.  It  may  oxidize  them  and  thus  make 
them  more  stable;  or  by  making  them  unite  with  other  compounds 
which  are  stable  and  inert  they  are  rendered  indifferent  to  the  body.  It 
may  happen  that  oxidation  renders  substances  unstable  rather  than 
more  stable  and  an  organism  may  in  this  way  increase  the  toxicity  of 
substances.  Benzene,  for  example,  which  is  not  very  toxic,  is  converted 
by  oxidation  into  the  toxic  phenol;  and  some  nitriles,  like  the  propio- 
nitrile;  may  be  oxidized  to  the  lacto-nitrile,  which  is  much  inore  re- 
active and  poisonous. 

We  may  take  advantage  of  this  property  of  the  body  of  pairing  some 
of  its  metabolic  substances  with  unstable  toxic  substances  to  study 
the  intermediate  metabolism  of  the  body,  as  will  be  shown  in  discussing 
cysteine  (page  819.)  By  giving  a  toxic  substance  there  may  be  com- 
bined with  it,  and  thus  brought  into  the  urine,  an  intermediate  sub- 
stance not  normally  found  there  or  found  in  very  small  amount.  Gly- 
curonic acid  and  cysteine  are  substances  of  this  kind. 

Place  of  origin  of  hippuric  acid.  The  formation  of  hippuric  acid 
from  benzoic  acid  and  glycocoU  is  of  the  general  type  of  amino-acid  con- 
densations, like  that  of  creatinine,  and  the  power  of  making  such  conden- 
sations is  an  attribute  of  all  living  matter.  The  work  of  Bunge  and 
Schmiedeberg  proves  that  in  the  dog  the  perfused  kidney  can  bring 
about  this  synthesis,  but  in  the  rabbit,  and  probably  other  animals  as 
well,  other  tissues  may  do  it  also  (Salomon).     The  synthesis  depends. 
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like  all  such  syntheses,  upon  a  plentiful  supply  of  oxygen  and  Drechsel 
considered  it  to  be  probably  an  oxidation-reduction  synthesis. 

Source  of  the  benzoic  acid.  We  not  only  take  benzoic  acid  itself  in 
small  amounts  in  fruits  and  berries,  particularly  in  cranberries,  but 
grass  and  vegetables  often  contain  other  aromatic  compounds,  such  as 
quinic  acid,  which  by  digestion,  fermentation  by  bacteria  or  by  oxi- 
dation yield  benzoic  acid.  It  is  for  this  reason  that  a  fruit  or  vegetable 
diet  increases  the  hippuric  acid  secretion.  Benzoic  acid  or  benzoates  are 
often  used,  also,  as  preservatives  in  canned  fruit,  catsup,  or  other  food 
products,  and  even  in  milk,  so  that  the  consumption  of  such  preserved 
foods  leads  to  the  consumption  of  benzoic  acid.  But  the  proteins  them- 
selves may  also,  by  bacterial  decomposition,  give  rise  to  benzoic  acid. 
Thus  phenyl  alanine  by  oxidation  goes  over  into  phenyl  pyruvic  acid, 
CoHg.CHj.CO.COOH,  which  by  further  oxidation  is  converted  into 
phenyl  acetic  acid  and  this  into  phenyl  carbonic  or  benzoic  acid.  It  is 
probable  from  Baumann's  observations  that  this  latter  process  only 
occurs  with  the  intermediation  of  the  putrefactive  bacteria  in  the  in- 
testine. 

Source  of  the  glycocoll.  The  question  naturally  arises  how  much 
glycocoU  the  body  has  at  its  disposal  to  neutralize  toxic  matters  like 
benzoic  acid  and  what  is  the  origin  of  this  glycocoll.  Does  it  come  from 
the  protein  or  is  it  synthesized  in  the  body  ?  Concerning  the  first  ques- 
tion of  the  amount  of  glycocoll  which  the  body  can  supply  for  purposes 
of  detoxication,  experiment  has  shown  that  the  herbivora  have  quite 
remarkable  powers  in  this  respect.  Thus  Ringer  found  that  a  goat 
might  take  25  grams  of  benzoic  acid  a  day  and  excrete  it  as  hippuric 
acid.  Magnus-Levy  found  in  sheep  and  rabbits  that  after  ingesting  ben- 
zoic acid  27.8  per  cent,  of  the  urinary  nitrogen  might  appear  in  the  form 
of  hippuric  acid  nitrogen ;  and  Wieehowski  that  50  per  cent,  might  thus 
appear.  There  is  only  a  slight  diminution  in  the  other  nitrogen  con- 
stituents of  the  urine,  except  possibly  a  diminution  in  the  uric  acid 
(Weiss  and  Levin).  This  would  indicate  that  the  glycocoll  nitrogen 
was  supplied  in  addition  to  that  which  would  normally  have  been 
eliminated.  In  carnivora,  and  probably  in  man,  the  conditions  appear 
to  be  different.  No  more  glycocoll  is  in  them  available  for  pairing  than 
can  be  accounted  for  by  the  decomposition  of  their  body  or  food  pro- 
tein. Abderhalden,  Gigon  and  Strauss  found  that  in  carnivora,  herbiv- 
ora and  hens  the  entire  amount  of  glycocoll  in  the  whole  body,  exclusive 
of  fat,  feathers  and  intestinal  contents,  was  only  2.33-3.34  per  cent,  of 
the  total  proteins.  This  amount  is  far  too  little  to  admit  of  the  explana- 
tion that  the  glycocoll  in  herbivora  is  derived  simply  from  the  body  pro- 
teins. It  might  come  in  small  part  from  the  purines  which  may  yield 
glycocoll  on  certain  decompositions  and  it  will  be  remembered  that 
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glycocoU  is  present  in  considerable  amounts  in  the  muscle  of  pecten  and 
other  moUusks.  It  would  seem  probable  either  that  glycocoU  is  syn- 
thesized in  the  body  from  ammonia  and  glyoxylic  acid  by  reduction,  or 
else  the  hippuric  acid  may  be  formed  in  part  by  the  benzoic  acid  pairing 
with  other  amino-acids  of  a  longer  carbon  chain,  as  happens  in  birds  in 
ornithuric  acid,  and  these  longer  chains  are  afterwards  partially  oxi- 
dized to  amino-acetic  acid.  The  former  explanation  is,  perhaps,  the 
more  probable,  since  glyoxylic  acid,  or  its  aldehyde,  is  easily  derived 
from  the  carbohydrates  and  the  synthesis  of  ammonia  and  the  aldehyde 
to  glycocoU  very  probably  occurs  in  the  body,  although  demonstrative 
proof  of  this  has  not  yet  been  found.  It  is  not  impossible  that  glycocoU 
may  be  formed  in  this  way  normally  as  one  of  the  precursors  of  urea 
in  the  transformation  of  ammonia  to  urea.  Whether  the  use  of  glycocoU 
to  detoxicate  benzoic  acid  reduces  the  amount  of  glycocholic  acid  in 
the  bile  should  be  investigated. 

No  definite  answer  can,  however,  be  given  as  yet  to  the  question  of 
the  origin  of  the  large  quantities  of  the  glycocoU  in  herbivora  until  the 
matter  has  been  more  extensively  studied. 

Method  of  isolation.  Hippuric  acid  is  readily  obtained  from  fresh 
horse  or  cow  urine  by  first  boiling  it  with  milk  of  lime,  filtering  off 
the  phosphates,  evaporating  to  about  half  its  original  volume,  cooling 
and  adding  strong  hydrochloric  acid  to  a  plainly  acid  reaction.  The 
hippuric  acid  crystallizes  out.  The  crystals  are  separated  by  suction, 
pressed  as  dry  as  possible  in  filter  paper,  redissolved  in  milk  of  lime 
and  recrystallized  by  the  addition  of  acid.  They  may  then  be  recrystal- 
lized  from  hot  water,  being  decolorized  if  necessary  by  charcoal. 

Quantitative  determination.  The  niethod  formerly  used  is  that  of 
Bunge  and  Schmiedeberg,  which  is  very  cumbersome  and  by  no  means 
exact.  The  urine,  very  slightly  alkaline  with  sodium  carbonate,  is 
evaporated  nearly  to  dryness.  The  residue  is  extracted  thoroughly  with 
strong  alcohol,  the  alcohol  evaporated  on  the  water  bath,  the  dry 
residue  dissolved  in  water,  transferred  to  a  separatory  funnel,  the  solu- 
tion acidified  with  sulphuric  acid  and  extracted  by  thorough  agitation 
repeatedly  (five  or  more  times)  with  acetic  ether.  The  acetic  ether 
solution  of  hippuric  acid  is  now  shaken  repeatedly  with  water  in  a 
separatory  funnel,  the  acetic  ether  evaporated  and  the  residue 
extracted  with  petroleum  ether  to  remove  benzoic  acid,  fats,  oxy  acids, 
phenols,  etc.  The  hippuric  acid  remains  undissolved.  The  residue  is 
now  dissolved  in  a  little  warm  water  and  evaporated  at  50-60°  to  crys- 
tallization. The  crystals  are  weighed  in  a  small  weighed  filter.  The 
mother  liquor  is  extracted  with  acetic  ether,  the  ether  evaporated  and 
the  weight  of  the  residue  added  to  that  of  the  crystals.  The  better 
method  of  Folin  and  Flanders  is  given  on  page  968. 
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Ammonia. — Blood  contains  small  amounts  of  ammonia  and  some  of 
this  is  excreted  in  passing  through  the  kidneys  and  appears  in  the  urine. 
The  amount  of  ammonia  in  the  urine  is  greatly  increased  in  any  condi- 
tion in  which  larger  than  normal  amounts  of  acid  are  produced. 
Ammonia  is  one  substance  which  is  used  to  neutralize  the  acid  formed  in 
the  course  of  cell  metabolism,  as  has  already  been  discussed  on  page  248. 
The  amount  of  ammonia  normally  present  in  the  urine  of  human  adults 
is  about  0.7  gram  per  day.  The  amount  and  the  relative  proportion  it 
makes  of  the  total  nitrogen  of  the  urine  may  be  increased  by  the  inges- 
tion of  mineral  acids.  In  diabetes  or  in  fasting,  where  there  is  an 
abnormal  formation  of  acetoacetic  acid,  ammonia  is  also  increased.  On 
a  high  and  a  low  protein  diet,  page  710.  Folin  found  the  total  amount 
not  much  changed,  but  the  relative  proportion  of  ammonia  was  greatly 
increased  on  low  protein.  Directions  for  the  determination  of  the 
ammonia  are  given  on  page  1093. 

Other  nitrogenous  substances  present  in  small  quantities. — Amino- 
acids  and  peptides.  Normal  urine  contains  small  amounts  of  these  sub- 
stances and  under  pathological  conditions  the  amount  of  amino-acids 
may  increase.  Thus  after  phosphorus  poisoning,  or  in  cirrhosis  of.  the 
liver  and  in  some  other  conditions,  amino-acids  such  as  tyrosine,  leucine, 
glycocoll,  etc.,  have  been  isolated  from  the  urine.  Normally,  however, 
these  substances  are  present  in  very  small  amounts  indeed.  A  number 
of  substances  have  been  isolated,  however,  which  are  probably  peptides 
or  partially  oxidized  fragments  of  the  protein  molecules  which  have 
escaped  the  metabolism  of  the  body.  Such  bodies  are  the  oxyproteic  acid 
of  Bondyzynski  and  Dombrowski ;  antoxyproteic  acid  of  the  same  authors 
and  alloxyproteic  acid ;  and  uroferric  acid  of  Thiele.  The  total  amount 
of  N  in  these  substances  found  by  Ginsberg  and  Gawinski  in  the  urine 
of  a  man  on  a  mixed  diet  amounted  to  3-6.8  per  cent,  of  the  total 
nitrogen  of  the  urine.  This,  it  will  be  observed,  is  just  about  the  amount 
of  N  of  unknown  nature  in  the  urine  of  an  average  adult.  The  relative 
amount  is  greatly  increased  in  phosphorus  poisoning  and  in  various 
conditions  when  body  protein  is  being  decomposed  and  the  intake  of 
protein  is  low. 

Reactione 
No  Ehrlioh,  biuret,  or  xan- 
thoproteic. 
Ehrlich       diazo      positive. 

Others  negative. 
Biuret  and  Ehrlich  negative, 
Biuret,  Millon,  Adamkiewicz 
negative. 


Ojcyproteio  acid   

C 
.     39.62 

H 
S.64 

N 
18.08 

O 
35.54 

S 
1.12 

Antoxyproteicacid  . . 

43.21 

4.91 

24.4 

26.33 

0.61 

Alloxyproteic  acid   . 
Uroferric  acid    

.     41.33 

5.70 

13.66 

37.23 

2.19 
3.46 

It  is  doubtful  whether  these  substances  are  unitary  substances. 
Basic  svbstnnces.    Small  quantities  of  basic  substances  correspond- 
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ing  in  a  general  way  to  those  found  in  meat  extract  have  been  isolated 
from  the  urine  by  Kutscher  and  his  colleagues  and  by  other  observers, 
particularly  by  French  physiological  chemists.  Among  these  are  tri- 
methyl  aminej  methyl  guanidine;  novain;  reductonovain;  dimethyl- 
guanidine;  gynesin,  C19H23N3O3,  from  female  urine;  mingin,  CiaHis 
N.O, ;  vitiatin,  a  homologue  of  choline ;  histidine ;  imidazole-acetic  acid ; 
and  methyl-pyridine  chloride.  This  last  is  probably  derived  from 
tobacco  or  coffee  and  is  not  a  natural  product  of  the  body  metabolism. 
In  addition  putrescine  and  cadaverine,  the  former  tetramethylendiamine 
and  the  latter  pentamethylendiamine,  were  isolated  from  the  urine  by 
Baumann  and  von  Udransky.  Gr-ffiths  and  Bouchard  have  particularly 
studied  the  ptomaines  of  urine.  They  generally  isolate  them  by  making 
the  urine  alkaline  and  shaking  it  out  with  ether.  The  bodies  thus  iso- 
lated have  not  been,  for  the  most  part,  identified.  They  are  said  to  be 
toxic  to  animals,  and  Bouchard  and  other  French  observers  have  stand- 
ardized the  toxicity  of  the  urine  by  injecting  it  into  rabbits.  The 
urotoxic  coefficient  Bouchard  defines  as  the  weight  of  rabbit  in  kilos 
which  is  killed  by  the  amount  of  urine  secreted  by  1  kilo  of  the  body 
weight  of  the  individual  whose  urine  is  being  investigated.  A  part 
of  the  toxicity  of  human  urine  is  generally  ascribed  to  the  potassium 
salts  it  contains,  but  probably  not  all  of  it  can  be  thus  accounted 
for. 

A  very  interesting  urinary  constituent  is  that  of  urocanic  acid  found 
in  the  urine  of  dogs  but  not  thus  far  isolated  from  human  urine,  although 
other  imidazole  substances  have  been  found  there.  Urocanic  acid  has 
recently  been  found  to  be  imidazolyl-acrylic  acid  and  is.  therefore,  a 
decomposition  product  of  histidine.  It  was  found  by  Hunter  in  the 
digestive  products  of  casein  when  digested  for  a  long  time  by  a  pancreas 
mixture.  The  conditions  of  its  appearance  in  such  mixtures  have  not 
been  determined.    The  formula  is  as  follows: 

CH— NH 

COOH 
Urocanic  acid. 

Urocanic  acid  nitrate  forms  very  curious,  sickle-shaped  crystals. 

Aromatic  oxy  acids  of  the  urine. — These  include  phenol,  indoxyl, 
scatoxyl,  and  phenyl  acetic,  paraoxyphenyl  propionic,  oxymandelic  an^ 
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homogentisic  acids.  They  are  all  derived  either  from  tyrosine,  trypto- 
phane, phenylalanine  or  other  unknown  phenyl  derivatives  of  the  pro- 
teins. The  first  group  includes  the  ethereal  sulphates  or  conjugated 
sulphates. 

Ethereal  sulphates.  By  the  decomposition  of  the  aromatic  amino-acids 
of  the  proteins,  phenols  and  indoles  are  produced.  They  are  chiefly 
formed  in  the  putrefactive  decomposition  of  the  proteins  in  the  intes- 
tine. In  their  passage  through  the  body  they  are  oxidized  to  indoxyl, 
scatoxyl  or  hydroxyphenol,  and  then  are  paired  with,  or  conjugated 
with,  sulphuric  acid  to  form  what  are  known  as  the  ethereal  or  con- 
jugated sulphates.  They  are  excreted  in  the  urine  for  the  most  part 
as  the  potassium  or  sodium  salts  of  these  bodies.  The  amount  excreted 
per  day  varies  from  0.1-0.6  gram  sulphuric  acid.  Urinary  indican, 
that  is  the  potassium  salt  of  indoxyl-sulphuric  acid,  is  such  a  substance. 
The  place  where  pairing  with  sulphuric  acid  occurs  is  supposed  to  be 
the  liver. 

Phenol,  C0H5OH,  and  cresol,  methyl  phenol,  CeH^CCHJOH.  The 
mother  substance  of  phenol  and  cresol  is  tyrosine  and  phenylalanine, 
and  possibly  other  aromatic  amino-acids  if  any  exist,  other  than  trypto- 
phane. The  greater  part  of  the  phenol  and  cresol  is  excreted  as  con- 
jugated sulphate,  but  a  small  portion  is  free  in  the  urine,  and  a  part 
is  conjugated  with  glycuronic  acid.  If  phenol  is  ingested,  only  a 
portion  reappears  in  the  urine.  A  part  is  evidently  destroyed  in  the 
body.  Probably  like  benzene  some  is  destroyed  by  the  rupture  of  the 
ring.  The  source  of  the  phenol  and  cresol  of  the  urine  is  believed  to 
be  the  putrefactive  decomposition  of  tyrosine  and  phenylalanine  in 
the  alimentary  canal.  The  reason  for  this  view  is  that  the  amount  in 
the  urine  is  much  increased  by  excessive  intestinal  putrefaction  and 
may  be  reduced  to  a  minimum  by  a  milk  diet  and  by  the  ingestion  of 
carbohydrates,  a  procedure  which  reduces  putrefaction ;  or  by  the  use 
of  cathartics,  and  particularly  such  as  have  an  antiseptic  action  such 
as  calomel.  These  bodies  are  supposed,  then,  not  to  come  from  the 
metabolism  of  the  tyrosine  in  the  tissues,  but  entirely  to  be  derived 
from  the  putrefactive  decomposition  in  the  intestine.  For  this  rea- 
son the  determination  of  the  conjugated  sulphates  is  supposed  to 
give  an  indication,  albeit  a  very  uncertain  one,  of  the  amount  of 
intestinal  putrefaction.  It  is  much  easier,  however,  to  determine 
putrefaction  by  means  of  the  indican  test  to  be  spoken  of  in 
a  moment. 

The  exact  manner  in  which  the  tyrosine  and  phenylalanine  are 
decomposed  in  putrefaction  is  not  certainly  known.  But  the  transfor- 
mation is  believed  to  be  as  follows,  all  of  these  steps  occurring  in  the 
intestine : 
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COH 
HC  CH 

Hi       'in 

CHNH 

I  ' 

COOH 

Tyrosine. 


COH 

^  \ 

HO  CH 

Hi       'in 

COOH 

p-Hydroxyphenyl 

propionic  acid. 


COH 

^  \ 

HC  CH 

HC  CH 


COOH 


Hydroxyphenyl 
acetic. 


COH 

^  \ 

HC  CH 

Hi  L 

V 


p-CresoI. 


COH 

^  \ 

HC  CH 

Hi  L 

Phenol. 


COH 
HC  O 
H<^ 


!0H 

^H 


V 


COH 

^    \ 

HC  CH 

hJ        L 

V 

Ah 


Pyrooatechol.  I 

HCHNH^ 
p-Hydroxyphenylethylamine. 

It  is  possible,  though  perhaps  not  very  probable,  that  p-hydroxyphenyl- 
ethylamine  is  first  formed  which  is  then  oxidized  to  hydroxyphenyl  acetic 
acid.  After  the  administration  of  phenol  the  urine  may  become  dark 
colored,  owing  to  the  formation  of  hydrochinon,  p-dioxybenzene  and 
pyrocateehol.  These  in  the  air  undergo  spontaneous  oxidation  with  the 
formation  of  dark  coloring  matters.  They  are  reducing  bodies,  reducing 
Pehling's  solution  and  other  metallic  oxides.  If  pyrocateehol  is  added  to 
a  very  dilute  ammoniacal  solution  of  ferric  chloride  containing  tartaric 
acid,  the  solution  is  colored  a  violet,  or  cherry-red  color  which  is  changed 
to  a  green  on  the  addition  of  sufficient  acetic  acid.  This  same  reaction 
is  given  by  adrenaline.  The  oxyphenols  are  fairly  stable  in  acid  reac- 
tion, but  very  unstable  in  alkaline. 

Indoxyl-sulphuric  acid.    Indican  bi  the  urine.    This  is  found  in  the 
urine  as  the  potassium  salt.   Its  formula  is  as  follows : 

CH 


HC^V 


-C— 0— SO.OK 

2 


HC 


V 


C        CH 

Indican. 
Indole  is  formed  by  the  putrefaction  of  tryptophane  in  the  intestine. 
The  indole  thus  formed  is  oxidized  to  indoxyl  during  its  passage  through 
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the  body  and  is  paired  for  the  most  part  with  sulphuric  acid,  but  iti  part 
also  with  glycuronic  acid,  presumably  in  the  liver. 

CH                            CH            CH 
HC^   C C— CH  — CHNH  — COOH   HC    C CH   HC    C COH 

H,i        1!      iJH  -^     hA       'ci      Oh— Hc!        i]      L 

Tryptophane.  Indole.  Indoxyl. 

CH  CH 

HC  C CO  OC C         CH 

II  I 


HC  C        C  C  C  CH 

Indigo  blue. 


\^^^ 


The  steps  in  the  transformation  of  tryptophane  to  indole  are  not 
entirely  certain.  It  is  probable  that  deamidization  happens  at  first  and 
then  the  carbon  side  chain  is  oxidized  off,  indole-propionic,  indole-acetic 
acids  and  scatole  being  intermediate  products  (p.  441) ;  or  that  by 
decarboxylization  the  indolethylamine  is  first  formed,  which  is  later 
converted  into  indole  by  oxidation.  The  important  fact  is,  however,  that 
the  formation  of  indole  does  not  occur  in  the  course  of  the  metabolism 
of  tryptophane  in  the  body,  or  if  it  does  the  indole  so  formed  is  destroyed. 
The  presence  of  indican  in  the  urine  shows,  therefore,  that  indole  is 
being  formed  in  the  intestine.  If  more  than  the  normal  amount  of  it 
is  present,  it  indicates  the  occurrence  of  an  abnormal  amount  of  intes- 
tinal putrefaction,  or  of  putrefaction  elsewhere  in  the  body,  as  for 
example  in  decomposing  abscesses. 

The  test  for  indican  in  the  urine  is  very  simple  and  is  described 
in  the  practical  exercises.  It  consists  essentially  in  oxidizing  the  indoxyl 
in  an  acid  solution  by  means  of  hypochlorite  or  ferric  chloride  to  indigo 
blue  and  shaking  out  the  indigo  blue  in  chloroform.  If  the  chloroform 
is  more  than  a  light  blue,  it  means  an  abnormally  large  putrefaction. 
A  satisfactory  method  for  the  determination  of  the  amount  of  indican 
in  the  urine  is  that  of  Jolles.  It  was  suggested  by  Polin  that  the 
color  be  compared  with  a  standard  of  Pehling's  solution  in  a  colorimeter. 
The  method  is  not  very  satisfactory.  The  total  conjugated  sulphuric 
acid  may  be  estimated  accurately  by  the  gravimetric  method,  but  this 
is  too  difiicult  a  method  for  clinical  use.  A  very  good  idea  of  the  relative 
amount  of  putrefaction  can  usually  be  obtained  by  a  little  practice  in 
making  the  test  for  indigo  blue,  so  that  an  abnormally  large  putrefaction 
can  easily  be  detected. 


THE    EXCRETIONS   OF   THE   BODY  7S1 

The  amount  of  the  putrefaction  is  greater  on  a  heavy  meat  diet.  It 
may  be  so  great  that  the  chloroform  becomes  almost  black.  On  the 
other  hand,  it  is  often  extremely  faint.  It  increases  after  obstruction 
of  the  small  intestine. 

It  must  not  be  supposed  that  the  indican  test,  if  it  is  negative,  means 
necessarily  that  intestinal  processes  are  normal.  It  might  be  that  the 
intestinal  products  contained  little  tryptophane,  or  that  the  bacteria 
present  did  not  form  indole,  or  that  the  indole  absorbed  was  in  part 
destroyed,,  or  that  the  absorption  was  defective.  But  when  the  test  is 
positive  the  conclusion  is  justified  generally  that  there  is  abnormal 
putrefaction  in  the  intestine,  or  rather  an  abnormally  large  absorption 
of  putrefactive  products,  due  possibly  to  constipation.  According  to 
Jaffe,  the  amount  of  indigo  in  the  urine  of  a  healthy  man  is  between 
0  and  20  milligrams  in  24  hours. 

Scatoxyl-sulphuric  acid.  Scatole  (Gr.  skor,  excrement)  is  a  crya- 
talline,  fecal-smelling  substance,  CgHgN,  formed  by  the  putrefaction  of 
tryptophane  by  certain  kinds  of  bacteria.  It  occurs  in  the  feces.  Some 
is  absorbed  from  the  large  intestine  and  when  passing  through  the  body 
it  is  oxidized  to  scatoxyl  and  paired  like  indole,  presumably  in  the 
liver,  with  sulphuric  acid  and  excreted  as  the  salt  of  this  substance.  In 
constipation  so  much  of  this  substance  may  be  absorbed  as  to  give  to 
the  breath  and  exhalations  of  the  body  a  very  distinct  fecal  odor.  Its 
presence  in  the  urine,  therefore,  is  an  indication  of  intestinal  putre- 
faction. 

CH  CH 

^\  <^   \ 

HC  C C— CH  HC  C C— CH 

I  II  II  I  II  II 

HC  C  CH  HC  C  COH 

Scatole.  Scato^l. 

CH 

^\ 

HC  C C— CH 

I  II  II  " 

HC  C  C— 0— SO  .0  Na 

^c4    V 

Sodium  scatoxyl  sulphate. 

The  constitution  of  the  scatole  of  the  urine  is  unknown,  and  also 
that  of  scatoxyl.  The  ingestion  of  scatole  produces  in  the  urine  a 
chromogen  which  gives  a  bright  red  color  when  the  urine  is  made 
strongly  acid  with  hydrochloric  acid.  This  color  is  sometimes  referred  to 
as  urorosein.    It  is  probable  that  urorosein  is  in  reality  indole  acetic  acid. 


a 
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Scatole  is  probably  formed  from  indolacetic  acid,  and  may  be  one  stage 
in  the  formation  of  indole  from  tryptophane. 

Farahydroxyphenylacetic,  parahydroxyphenylpropionic  and  para- 
hydroxyphenylglycolic  acid  ( oxymandelic  acid).  These  occur  in  small 
quantities  in  the  urine,  the  last,  particularly  in  acute  yellow  atrophy  of 
the  liver.  They  all  represent  intermediary  products  of  the  oxidation  of 
tyrosine  and  possibly  of  phenylalanine. 

COH 

■<^\ 

HC    CH 

Hi     L 

V 

OH(OH) 
COOH 


COH 
HC    CH 
HC    CH 

V 

CHNH 

I    ' 
COOH 

p-hydroxyphenyl- 

aminopropionic 

acid. 


COH 

<^\ 
HC  CH 

hA        iin 

V 

CH. 

COOH 

p-hydroxyphenyl- 

propionic 

acid. 


COH 

^  \ 

HC  CH 

hA        iln 

V 

k 

I 

COOH 


p-hydroxyphenyl- 

acetic    acid.        p-hydroxyphenylgly- 
colic  acid. 


These  acids  all  give  the  Millon  reaction.  They  are  soluble  in  water 
and  in  ether  in  the  free  state.  The  melting  point  of  p-oxyphenyl- 
propionic  acid  is  128°  and  that  of  paraoxyphenylacetic  acid  is  148°. 
The  oxymandelic  acid  crystals  melt  at  162°  C. 

Homogentisic  acid.  Dioxyphenylacetic  acid.  CeH3(0H)oCH2 
COOH.  Hydrochinone  acetic.  This  acid  is  the  peculiar  acid  found  in 
alcapton  urine.  It  oxidizes  spontaneously  in  the  air  and  the  urine  turns 
black,  at  first  in  its  upper  layers  where  the  oxygen  has  entrance.  This 
acid  is  hydrochinone  acetic  acid. 

OH 
HO  CH 


.i 


HC  C— CH  —COOH 


Ah 

Homogentisic  acid. 

This  substance  is  formed  from  tyrosine  and  phenylalanine.  The  amount 
formed  in  some  cases  may  be  as  large  as  16  grams  a  day,  usually,  how- 
ever, it  is  less  than  this,  i.e.,  3-5  grams.  This  substance  is  probably 
formed  by  a  disturbed  tyrosine  metabolism,  as  discussed  on  page  813. 
The  cause  of  alkaptonuria  is  still  quite  obscure.    It  appears  to  run  in 
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families.  Baumann  thought  it  was  due  to  an  abnormal  intestinal  flora, 
but  that  opinion  is  now  abandoned.  According  to  Garrod,  it  occurs 
most  commonly  where  there  is  blood  relationship  of  the  parents.  It  is 
more  common  in  males  than  in  females.  It  is  still  doubtful  whether  the 
normal  course  of  metabolism  of  tyrosine  carries  the  latter  through 
homogentisie  acid,  alkaptonuria  being  due  to  more  of  the  intermediate 
substance  escaping  in  the  urine;  or  whether  it  is  due  to  an  abnormal 
manufacture  of  homogentisie  acid  in  certain  individuals.  The  work  of 
Dakin  indicates  the  latter. 

Homogentisie  acid  is  a  strong  reducing  agent,  reducing  Fehling's 
solution,  alkaline  silver  solutions  and  other  metals.  It  does  not  reduce 
bismuth  subnitrate.  It  crystallizes  in  large  clear  prisms,  m.p.  146.5- 
147°  C.  It  is  soluble  in  alcohol,  water  and  ether,  but  only  slightly  in  ben- 
zene. It  gives  with  ferric  chloride  a  transient  blue  color,  a  reaction  not 
specific  but  given  by  many  other  reducing  substances  such  as  cysteine, 
other  phenols,  etc.  It  is  inactive.  (For  its  preparation  from  the  urine 
see  Orton  and  Garrod,  J.  of  Physiology,  Vol.  27.) 

Sulphur  of  the  urine. — From  75  to  80  per  cent,  of  the  total  sulphur 
of  the  urine  is  in  the  form  of  inorganic  sulphate,  when  a  person  is  on 
an  ordinary  diet  of  about  14-16  grams  of  nitrogen  per  day.  The 
remainder  of  20-25  per  cent,  is  in  organic  union;  a  part  as  ethereal  or 
conjugated  sulphates,  a  small  portion  as  taurine,  a  portion  in  the  oxy- 
proteic  acids  of  the  urine,  some  of  this  sulphur  being  unoxidized  sulphur ; 
and  a  part  is  present  as  cystine  or  cysteiae. 

Amount.  The  total  amount  of  sulphur  excreted  per  day  depends 
upon  the  sulphur  intake,  rising  and  falling  with  this.  Stilphur  enters 
the  body  chiefly  in  the  unoxidized  form  of  protein  sulphur  and  the 
total  sulphur  of  the  urine  excreted  per  day  is  about  0.7-0.85  gr.  The 
amount  presrait  as  inorganic  sulphate  is  about  0.5-0.6  gram  per  day. 
The  remainder  of  0.1-0.2  gram  is  organically  bound.  The  methods  of 
determining  these  different  fractions  in  the  urine  are  given  in  the 
practical  part,  page  1106.  The  inorganic  sulphates,  the  conjugated  or 
ethereal  sulphates  and  the  neutral  or  unoxidized  sulphur,  are  generally 
determined.  The  last  group  is  a  very  heterogeneous  group  and  has 
been  very  little  studied.    It  is  determined  by  difference. 

Effect  of  diet  on  the  distribution  of  sulphur.  Sulphur  is  ingested 
chiefly  as  protein  sulphur.  There  are,  however,  small  amounts  of  inor- 
ganic sulphate,  of  sulphuric  acid  paired  with  phenols,  or  present  as 
.  sulpholipins,  and  of  taurine  in  all  tissues,  so  that  many  different  sul- 
phur compounds  are  ingested.  The  ingested  protein  sulphur  is  for  the 
most  part  excreted  as  inorganic  sulphate,  since  protein  ingested  is  not 
stored,  but  is  burned  in  the  body.  Hence  on  a  high  protein  diet  not 
only  does  the  total  sulphur  increase,  but  also  the  proportion  of  inorganic 
sulphur  as  well.     On  the  other  hand,  on  a  low  protein  diet  the  total 
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amount  of  sulphur  is  much  reduced  and  the  proportion  present  as 
neutral  sulphur  is  increased.  Since  on  a  low  protein  diet  the  putre- 
faction in  the  intestine  is  reduced,  there  is  also  a  reduction  of  the 
conjugated  or  ethereal  sulphate.  The  following  figures  from  a  meta- 
bolism experiment  by  Polin  ^  will  show  the  change  in  the  distribution 
of  urinary  sulphur  when  one  changes  from  a  normal  to  a  reduced  pro- 
tein diet. 

Normal  protein  diet  Reduced  proteiD  diet 

July  13  July  20 

Volume  of  urine   1170      c.c  385       e.c. 

Total    nitrogen     10.8  gr.  .3.00  gr. 

Urea  nitrogen    14.70  "  z=  87.5%  2.20  "  =  61.7% 

Ammonia  nitrogen 0.49  "=    3.0  0.42  "=11.3 

Uric  acid  nitrogen   0.18  "  =    1.1  0.09  "  =   2.5 

Creatinine  nitrogen    0.58  "  =    3.6  0.60  "  =  17.2 

Undetermined  nitrogen    0.85  "  =    4.9  0.27  "  =    7.3 

Total  SO     3.64  "  0.76  " 

Inorganic'sO    3.27  "  =  90.0  0.46  "  =  60.5 

Ethereal  so'' 0.19  "=    5.2  0.10  "=  13.2 

Neutral  SO  ' 0.18  "  =    4.8  0.20  "  =  26.3 

3 

In  these  results  it  may  be  observed  that  the  proportion  of  ethereal 
sulphate  rose  on  the  low  protein  from  5.2  per  cent,  to  13.2  per  cent., 
although  the  absolute  amount  excreted  diminished.  But  the  greater 
relative  rise  was  in  the  neutral  sulphur,  which  rose  from  a  proportion 
of  4.8  per  cent  on  the  normal  protein  diet  to  26.3  per  cent,  on  the 
reduced  protein.  It  is  very  suggestive,  also,  that  the  absolute  amount 
of  the  neutral  sulphur  excreted  did  not  diminish  at  all  on  the  low  pro- 
tein diet,  but  on  the  contrary  rose  slightly,  the  neutral  SO3  on  the 
normal  protein  diet  being  0.18  gram  and  on  the  low  protein  diet  being 
0.20  gram.  It  is  probable  from  these  facts  that  the  neutral  sulphur 
corresponds  to  the  endogenous  wear  and  tear,  whereas  the  other  two 
fractions  are  largely  derived  from  the  protein  of  the  food  torn  to  pieces 
by  the  oxidation  of  the  body. 

Variation  of  the  sulphur  under  other  circumstances.  The  per  cent, 
of  neutral  sulphur  in  the  urine  is  also  dependent  upon  various  drugs. 
Thus  cyanides  and  nitriles  when  -ngested  leave  the  body  in  mammals 
largely  in  the  form  of  sulphocyanate  in  the  urine.  Hence,  when  any 
substance  is  ingested  which  can  form  hydrocyanic  acid  in  the  body,  it 
will  increase  the  neutral  sulphur.  There  is,  also,  an  increase  of  neutral 
sulphur  under  the  influence  cf  chloroform  and  other  anesthetics.  In 
cystinuria  also  the  proportion  of  this  sulphur  increases. 

Phosphorus  in  the  urine. — Form.  Phosphorus  is  found  in  the  urine 
wholly  in  the  oxidized  form  of  orthophosphoric  acid.  It  is  present  as 
the  disodium,  and  monosodium  phosphate  and  free  phosphoric  acia, 

'Polin:  American  Jour.  9hysioi.,  13,  o,  118   TOOS. 
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the  relative  amounts  of  these  substances  present  depending  on  the  char- 
acter of  the  diet.  On  a  heavy  protein  diet  the  urine  is  acid,  due  in  a 
large  measure  to  the  sulphuric  and  other  acids  formed  from  the  meat; 
under  such  circumstances  there  will  be  more  free  phosphoric  acid  and 
of  the  monosodium  salt;  on  a  vegetable  diet,  or  when  salts  of  acids 
which  are  burned  to  carbonic  acid  in  the  body  are  ingested,  the  propor- 
tion of  disodium  phosphate  is  larger.  The  bases  of  the  urine  distribute 
themselves  among  the  various  acids  in  proportion  to  the  strength  of  the 
acids,  the  stronger  acids  taking  the  stronger  bases.  Phosphorus  in  an 
unoxidized  form  is  toxic,  and  not  present  in  any  food.  The  phosphorus 
of  the  foods  is  present  always  as  phosphoric  acid,  which  is  either  inor- 
ganic or  it  may  be  in  an  ester  form,  as  it  is  in  nucleic  acid,  in  phospho- 
lipins,  phytin,  etc. 

The  amount  in  the  urine.  The  amount  of  phosphorus  excreted  per 
day  depends  on  the  amount  ingested  in  part,  but  it  is  still  more  depend- 
ent upon  the  condition  of  the  bowels.  In  other  words,  it  depends  upon 
the  absorption  of  phosphates.  The  total  amount  of  phosphorus  ingested 
per  day  in  the  foods  is  between  1.2  grams  and  2.0  grams  in  an  adult 
on  an  ordinary  diet.  The  proportion  of  this  which  goes  out  in  the  urine 
is  very  variable.  In  human  beings  from  50-65  per  cent,  of  the  income 
is  found  in  the  urine,  and  30  per  cent,  to  50  per  cent,  in  the  feces.  In 
constipation  the  proportion  in  the  urine  increases ;  in  diarrhea  the  pro- 
portion in  the  feces  increases  and  that  in  the  urine  diminishes.  An 
examination  of  the  phosphorus  excretion  in  the  urine  alone  in  a  metab- 
olism study  is  quite  worthless,  since  so  large  a  proportion  of  the  phos- 
l)horus  is  passing  out  through  the  feces.  Both  these  excretions  must  be 
examined  in  any  metabolic  experiments  on  phosphorus  metabolism. 
The  total  amount  of  phosphorus  in  the  urine  of  human  adults  is  between 
0.5  and  1.2  gram  per  day. 

Variation  in  disease,  and  under  various  conditions.  The  excretion  of 
phosphoric  acid  is  increased  during  the  catabolism  of  nucleins  in  the 
body,  as  for  example  in  leucaemia,  and  during  the  reabsorption  of  pneu- 
monic exudates.  It  is  increased  by  the  ingestion  of  nucleins.  During 
starvation  the  bones  are  drawn  upon  for  fuel  and  there  is  an  increase 
over  the  amount  of  phosphorus  excreted  when  the  food  contains  sufiS- 
cient  fuel  matter,  but  little  phosphate.  There  appears  to  be  a  dis- 
turbance in  the  phosphate  excretion  after  parathyroidectomy.  There 
is  an  increase  of  phosphoric  acid  in  the  urin*^  of  dogs  after  feed- 
ing thyroid  glands  (Roos.  Cauter).  Ver  Eecke  found  after  complete 
thyroid  and  parathyroidectomy  in  rabbits  that  the  secretion  of  urine 
was  diminished  by  30  per  cent.,  the  urea  diminished  33.7  per  cent.,  but 
the  P2O5  of  the  urine  was  diminished  by  61.7  per  cent.,  while  the  NaCl 
augmented  60-8  per  cent.  In  another  experiment  the  P2O5  excretion 
diminished  72  per  cent.,  while  the  NaCl  augmented  164  per  cent.    Green- 
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wald  has  confirmed  these  findings  after  parathyroidectomy  in  dogs  on  a 
carefully  controlled  diet.  The  urinary  P  as  PO4  fell  on  the  day  follow- 
ing the  operation  from  0.257  to  0.029  gram  per  day.  It  kept  at  this 
level  two  days  and  then  increased  as  tetany  came  on  to  the  normal  of 
0.254  gram.  There  was  no  corresponding  increase  in  the  phosphorus 
of  the  feces.  It  would  appear,  then,  that  in  some  way  e:rtirpation  of 
the  parathyroids  caused  phosphorus  retention.  There  is  as  yet  no 
explanation  of  this  conservation.  It  may  be  correlated  with  the  great 
changes  in  digestion  which  follow  this  operation. 

The  dependence  of  the  phosphorus  excretion  on  the  diet  is  well  illus- 
trated in  the  experiments  of  Polin.  On  a  diet  containing  16  grams  of 
nitrogen  per  day  the  excretion  in  the  urine  was  4.1  grams  P2O5  in  24 
hours.  A  week  later  on  a  diet  of  cream  and  starch  containing  3.9  grams 
total  nitrogen,  the  urinary  P2O5  was  1.1  gram.  The  relation  of  the 
phosphoric  acid  retention  to  calcium  intake  and  to  bone  deposition  is 
not  yet  understood. 

Chlorides. — The  amount  of  chlorides,  chiefly  sodium  chloride,  ex- 
creted per  day  is  dependent  upon  the  food  chlorides.  The  amount  is  very 
variable,  but  generally  lies  between  10-15  grams.  Some  people  ingest 
very  large  amounts  of  salt  with  their  food.  This  salt  is  absorbed  and 
passes  rapidly  through  the  kidneys  into  the  urine. 

The  chlorides  may,  under  certain  circumstances,  almost  completely 
disappear  from  the  urine.  This  is  the  case,  for  example,  in  pneumonia 
during  the  formation  of  the  exudate  in  the  lungs.  During  its  reabsorp- 
tion,  on  the  other  hand,  the  chlorine  reappears.  It  is  not  yet  known 
}iow  this  failure  to  excrete  chlorides  is  to  be  explained.  A  part 
of  it  is  no  doubt  due  to  the  great  diminution  in  the  intake,  but 
this  is  not  the  whole  explanation.  The  chlorine  is  in  sucli  cases 
held  more  firmly  in  the  tissues.  It  is  not  to  be  explained  by  the 
formation  of  so  much  exudate.  Further  work  on  this  problem  is 
necessary. 

It  is  a  singular  fact  that  no  organic  chlorine  compounds  other  than 
chlorides  are  known  to  occur  in  the  body.  Whether  there  are  any  such 
in  the  urine  is  still  disputed,  but  it  is  possible.  In  the  tissues  there  is 
in  lecithin  or  similar  phospholipins  a  place  for  the  attachment  of 
chlorine  to  the  choline  radicle  where  it  may  replace  hydroxyl.  It  is 
possible  that  under  the  conditions  of  disease  this  or  some  similar  union 
becomes  firmer,  the  chlorine  is  not  dissociated  as  before  and  is  so 
retained.  It  is  not  probable  that  all  the  chlorine  of  the  tissues  is  in 
the  form  of  inorganic  chlorides. 

The  method  for  the  determination  of  the  chlorides  of  the  urine  is 
fi;iven  on  page  1107. 

Calcium  and  magnesium. — These  occur  in  the  urine  in  small  amounts 
as  phosphates,  about  1  gram  of  these  earthy  phosphates  being  secreted 
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per  day.  A  great  deal  of  work  has  been  done  on  the  calcium  metab- 
olism of  the  body,  particularly  from  the  point  of  view  of  explaining 
the  defective  formation  of  bone  and  other  hard  parts  of  the  body. 
Calcium  leaves  the  body  largely  in  the  feces  and  to  a  less  extent  in  the 
urine.  About  0.7  gram  of  calcium  are  needed  per  day  by  an  adult.  As 
these  studies  have  not  yet  led  to  definite  conclusions,  further  discussion 
of  the  subject  will  be  omitted. 

Pathological  constituents  of  the  urine. — Protein.  Various  forms  of 
protein  may  appear  in  the  urine  under  pathological  conditions,  but 
normally  the  urine  is  free  from  any  protein  matter.  T^he  forms-  which 
may  appear  are:  1.  Coagulable  protein,  generally  derived  from  the 
blood  and  being  either  serum  globulin,  albumin  or  fibrinogen.  2.  Pro- 
teoses, formed  from  some  hydrolysis  in  the  tissues,  as  in  pus.  3.  Special 
proteins,  such  as  Bence- Jones'  protein,  a  kind  of  hetero-proteose  found 
in  disease  of  the  bone  marrow,  myelomas  and  possibly  osteomalacia. 
4.  Proteins  derived  from  the  urinary  passages  or  glands  such  as  mucin, 
from  the  bladder,  or  spermatozoa.  The  significance  of  these  is  of 
course  very  different.  It  is  the  coagulable  or  blood  proteins  which  are 
the  commonest  forms  and  these  occur  in  kidney  inflammation,  or 
nephritis,  both  acute  and  chronic.  Small  amounts  of  these  proteins  may 
be  present  without  nephritis,  but  as  a  result  of  serious  disturbances  of 
the  circulation,  such  as  a  dilated  heart  and  a  low  blood  pressure.  Thus 
a  certain  number  of  individuals  whose  urine  is  free  from  protein  nor- 
mally may  develop  an  albuminuria  of  slight  degree  following  some  very 
great  exertion.  During  a  Marathon  race  of  about  23  miles  on  a  cold 
day  against  a  damp  head  wind  nearly  all  the  runners,  whose  hearts  and 
urines  had  been  perfectly  normal  before  the  race,  developed  albuminuria 
with  heart  murmurs  and  dilated  hearts  at  the  end  of  the  race.  Similar 
observations  have  been  made  on  soldiers  after  exhausting  marches.  In 
all  ordinary  circumstances  the  appearance  of  appreciable  amounts  of 
coagulable  protein  in  the  urine  is  abnormal  and  should  arouse  suspicion 
of  nephritis. 

The  presence  of  proteoses  in  the  urine  is  not  rare  during  the  absorp- 
tion of  exudate  in  pneumonia  or  any  other  absorption  of  partially 
digested  pus. 

The  Bence- Jones  protein,  described  on  page  1069,  is  found  during 
myelomas  and  possibly  osteomalacia.  It  is  apparently  due  to  a  decom- 
position of  the  bone  marrow. 

Carbohydrates. — Dextrose.  Very  minute  amounts  of  dextrose  are 
present  in  normal  urine,  .01 — .07  per  cent.  About  1  gram  total  sugar  is 
excreted  in  the  urine  normally  per  day.  Of  this  about  one-half  is 
dextrose.  The  kidney  is  not  a  perfect  filter  and  small  amounts  of  glucose 
can  penetrate  it.  The  appearance  of  enough  dextrose  to  give  a  precipi- 
tate of  cuprous  oxide  in  the  Pehling  test  is  abnormal.    Dextrose  may 
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;ippear  in  the  urine  under  several  different  circumstances.    We  aceora- 
iiigly  distinguish  the  glucosurias  as  follows: 

1.  Alimentary  glucosuria.  Due  to  the  ingestion  of  more  dextrose 
than  the  body  can  store  for  the  time  being.  Different  individuals  have 
different  powers  of  utilizing  carbohydrates  and  the  power  of  the  body 
may  be  increased  by  previous  reduction  in  the  amount  of  dextrose  taken 
in  the  food.  Tolerance  of  normal  individuals  is  about  50  grams  of 
dextrose  when  taken  on  an  empty  stomach.  More  than  this  causes  a 
glycosuria. 

2.  -Diabetes  melUtus.  This  is  a  disease  in  which  large  amounts  up  to 
200  grams  of  dextrose  a  day  may  be  excreted  in  the  urine.  The  word 
diabetes  signifies  an  increased  flow  of  urine;  mellitus  (from  mel,  honey) 
that  sugar  accompanies  the  polyuria.  The  urine  is  increased  in  quantity 
so  that  it  may  be  four  or  even  10  liters  per  day.  The  urine  is  generally 
very  light  colored,  but  its  specific  gravity  is  about  normal,  due  to  the 
dextrose  in  it.  There  are  all  grades  of  the  trouble,  from  a  slight  excre- 
tion of  dextrose  when  carbohydrate  food  is  ingested  to  a  complete  failure 
to  burn  any  of  the  ingested  carbohydrate,  or  that  formed  in  the  body. 
It  is  believed  to  be  correlated  often  with  disease  of  the  pancreas. 

3.  Emotional  glucosuria.  A  slight  glucosuria  appears  in  some  indi- 
viduals as  a  result  of  strong  emotions  such  as  anxiety.  This  glucosuria 
is  believed  to  be  due  to  the  secretion  of  more  than  a  normal  amount  of 
adrenaline  by  the  supra-renal  glands. 

4.  Glucosuria  due  to  drugs.  Dextrose  may  appear  in  the  urine  after 
the  ingestion  of  certain  drugs,  of  which  phlorhizin  is  an  example.  This 
glucosuria  is  accompanied  by  a  hypoglycaemia.  It  is  generally  attributed 
to  an  impairment  of  the  kidney  which  lets  more  than  the  normal  amount 
of  dextrose  pass  into  the  urine. 

These  various  forms  of  glucosuria  and  the  interpretation  of  them 
are  discussed  in  Chapter  XVIII  on  the  carbohydrate  metabolism  of  the 
body.  Methods  of  identifying  and  estimating  the  glucose  are  given  in 
the  practical  part,  pages  940  and  984. 

Lactose.  Lactose  has  been  obtained  from  the  urine  of  women  shortly 
before  or  immediately  after  childbirth.  It  is  derived  from  lactose 
reabsorbed  from  the  mammary  glands.  Its  significance  is  of  course 
totally  different  from  that  of  dextrose.  Lactose  reduces  Fehling's  solu- 
tion just  as  dextrose  does,  so  that  if  such  a  reduction  is  obtained  under 
circumstances  in  which  lactose  might  be  formed  it  is  necessary  to 
identify  the  sugar  more  carefully.  This  can  be  done  most  readily  by 
the  fermentation  test  with  yeast.  Dextrose  ferments  with  ordinary  yeast, 
but  lactose  does  not.  Lactose  reduces  bismuth  in  the  Nylander  test.  It 
is  also  dexro-rotatory  as  is  glucose.    For  tests,  see  page  1070. 

Pentoses.    Pentoses  may  occur  in  the  urine  in  the  condition  which 
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is  called  pentosuria.  There  is  still  some  doubt  as  to  the  nature  of  the 
urinary  pentose.  Neuberg  isolated  i-arabinose;  Luzzatto,  1-arabinose. 
Pentoses  may  occur  in  the  urine  after  the  eating  of  fruits  and  fruit 
juices.  They  are  also  supposed  to  be  diagnostic  of  pancreatic  disease. 
The  pancreas  contains  a  pentose  in  its  guanylic  acid  which  is  d-ribose. 
It  is  probable  that  it  also  contains  in  the  amylolytic  ferment,  or  the 
gum  to  which  it  is  attached,  an  arabinose.  Pentoses  were  first  isolated 
from  the  urine  of  a  person  addicted  to  the  morphine  habit.  They  are 
identified  by  the  orcine  or  phloroglueine  tests,  or  by  making  their 
ozazones  which  melt  at  about  156-160°  C.  They  reduce  Fehling's  solu- 
tion, but  do  not  ferment  with  yeast.  The  tests  are  described  on  page  1075. 

Glycuronic  acid.  This  acid,  see  page  1075,  occurs  in  the  urine  in  small 
amounts  in  the  paired  or  conjugated  form.  It  is  levo-rotatory  in  the  con- 
jugated, but  dextro-rotatory  in  the  free  state.  It  is  evidently  a  normal 
intermediary  product  of  metabolism,  but  unless  it  is  united  with  some- 
thing else  it  is  burned  in  the  body.  The  ingestion  of  various  drugs 
increases  the  quantity  in  the  urine.  Thus  camphor,  chloral  hydrate, 
many  aromatic  alcohols  or  phenols,  and  morphine  appear  in  the  urine 
conjugated  with  this  acid.  They  are  reducing  substances  and  may  be 
confused  with  dextrose  or  the  pentoses.  They  may  be  distinguished 
from  dextrose  in  that  the  latter  is  dextro-rotatory,  whereas  the  paired 
glycuronic  acids  are  levo-rotatory.  The  free  glycuronic  acid  gives  the 
orcine  test  and  phloroglueine  tests  like  the  pentoses,  but  the  conjugated 
acid  does  not  give  the  orcine  test.  It  may  be  distinguished  from  the 
pentoses  best  by  the  bromphenylhydrazine  compound.  This  when  dis- 
solved in  a  mixture  of  alcohol  and  pyridine  is  very  strongly  levo-rotatory 
and  may  be  distinguished  in  this  way. 

The  origin  of  the  glycuronic  acid  is  still  uncertain.  It  is  clear  from 
the  fact  that  the  aldehyde  group  is  not  oxidized  that  probably  the  oxida- 
tion of  the  glucose  to  the  acid  took  place  when  the  glucose  was  in  a  glueo- 
side  union,  so  that  the  aldehyde  group  was  protected.  After  oxidation 
the  acid  was  split  off  by  hydrolysis. 

Acetone  and  diacetic  acid. — These  substances  appear  in  the  urine 
together  with  hydroxybutyric  acid  in  severe  diabetes  mellitus,  or  after 
the  prolonged  administration  of  phlorizin  to  dogs,  or  during  various 
diseases  when  there  is  a  deficient  nourishment  of  the  body. 
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The  amount  of  these  bodies  in  the  urine  may  be  as  large  as  250 
grams  a  day.  They  produce  a  veritable  acidosis  in  severe  forms  of 
diabetes. 

The  acetone  is  formed  from  diacetic  acid  by  splitting  off  of  carbon 
dioxide.  Usually  very  little  of  this  transformation  occurs,  but  in  dia- 
betes a  considerable  amount  of  dissociation  of  this  sort  takes  place  so 
that  the  urine, may  have  the  odor  of  acetone.  Acetone,  or  some  simi- 
lar smelling  substance,  is  in  the  urine  and  excretions  in  quantities  in 
the  disease  of  milk  sickness,  contracted  from  milk-sick  cattle.  There 
do  not  appear  to  have  been  any  determinations  of  the  amount  of 
acetone  given  off  in  this  disease. 

The  origin  of  the  acetoacetic  acid  is  in  part  from  the  fats  and  in 
part  from  the  proteins.  Several  of  the  amino-acids,  as  for  example 
leucine,  tyrosine  and  histidine,  give  rise  to  acetoacetic  acid  when  per- 
fused through  a  dog's  liver  or  when  administered  to  dogs.  This  origin 
of  acetoacetic  acid  is  discussed  on  page  815.  A  more  important  source 
of  acetoacetic  acid  is  from  the  fats.  By  the  oxidation  of  butyric  acid, 
acetoacetic  acid  is  formed  in  the  body.  The  administration  of  fats  con- 
taining butyric  acid  particularly  increases  the  secretion  of  this  substance 
in  diabetics;  but  acetoacetic  acid  is  also  formed  as  the  last  term  of  the 
oxidation  of  the  other  fats,  since  it  is  probable  that  in  all  of  them  the 
fatty  acids  are  oxidized  in  the  yS  carbon,  two  carbon  atoms  at  a  time, 
leaving  at  last  butyric  acid,  which  then  goes  over  into  acetoacetic  acid. 
It  appears  either  that  the  power  to  oxidize  this  substance  is  reduced 
in  diabetics  or  else  that  the  amount  formed  is  increased  beyond  the 
power  of  the  body  to  destroy  it.  It  will  be  recalled  that  in  diabetics 
a  large  proportion  of  the  energy  requirement  of  the  body  must  be  cov- 
ered either  from  fats  or  from  proteins,  both  of  which  lead  to  this 
substance. 

The  source  of  the  oxybutyric  acid  is  not  now  doubtful.  It  is  formed 
by  the  reduction  of  the  acetoacetic  acid.  It  was  for  a  time  thought  that 
the  oxybutyric  acid  was  formed  first  and  that  the  acetoacetic  acid  was 
derived  from  this.  But  it  is  impossible  to  increase  the  excretion  of 
acetoacetic  acid  by  giving  oxybutyric  acid.  On  the  other  hand,  the 
excretion  of  oxybutyric  acid  is  increased  by  giving  acetoacetic  acid, 
from  which  it  is  inferred  that  the  ketonie  acid  is  first  produced  and  the 
alcoholic  acid  by  reduction  from  this. 

It  is  probable  that  in  the  normal  body,  and  perhaps  in  the  diabetic 
as  well,  the  oxidation  usually  goes  to  the  next  step  in  the  oxidation  of 
the  acetoacetic  acid  to  two  molecules  of  acetic  acid,  both  of  which  are 
then  burned  to  carbonic  acid.  This  decomposition  appears  to  fail 
largely,  or  completely,  in  diabetics. 
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The  methods  for  the  detection  and  the  quantitative  estimation  of 
these  acetone  bodies  are  given  on  pages  1073  and  1117. 

The  appearance  of  these  substances  in  the  urine  means  always  that 
an  acidosis  is  taking  place.  They  accumulate  in  the  blood.  They  com- 
bine with  the  alkali  of  the  blood,  thus  setting  free  carbon  dioxide  and 
greatly  diminishing  the  amount  of  this  substance  in  the  blood.  The 
result  of  this  is  that  the  elimination  of  carbon  dioxide  is  interfered 
with.  In  such  cases  the  administration  of  sodium  carbonate  or  bicar- 
bonate is  often  very  beneficial. 

Metabolism  of  various  substances  not  foods. — ^A  great  deal  of 
information  concerning  the  probable  course  of  transformations  of  the 
foods,  and  concerning  the  chemical  powers  of  the  body,  has  been  obtained 
by  giving  to  animals  substances  of  known  chemical  composition  and 
then  by  an  examination  of  the  urine  determining  whether  they  have  been 
affected  at  all  in  their  passage  through  the  body,  and  if  they  have  been 
affected  what  the  body  has  been  able  to  do  to  them.  A  very  large 
number  of  experiments  of  this  kind  have  been  tried  and  it  is  not  pos- 
sible in  a  book  of  this  character  to  deal  with  all  of  them.  Nor  indeed 
would  it  be  desirable,  since  it  would  burden  the  mind  to  no  good  end. 
But  it  is  worth  while  to  consider  the  general  principles  which  have 
been  worked  out  by  experiments  of  this  nature.  Many  different  ani- 
mals have  been  used  for  these  purposes,  often  the  substances  have  been 
ingested  by  the  experimenters  themselves  when  it  is  certain,  or  fairly 
certain,  that  they  are  not  toxic,  but  as  a  rule  the  experiments  have  been 
tried  on  dogs,  cats  or  rabbits.  The  chemical  powers  of  different  kinds 
of  animals  of  course  vary,  else  there  would  not  be  various  species  of 
animals. 

A  great  many  substances  which  are  not  foods,  and  many  of  them 
substances  which  the  organism  has  had  no  experience  in  handling 
before,  are  burned  wholly  or  partially,  or  otherwise  affected  by  the 
cells  of  the  body.  This  fact  is  of  itself  very  interesting,  for  it  indi- 
cates very  strongly  that  at  least  one  way  of  burning  substances  is  while 
they  are  in  solution  in  the  water  of  the  protoplasm  and  not  when  they 
are  in  the  living  protoplast  itself,  if  there  be  such  a  thing.  It  is  hardly 
likely  that  such  materials  as  brombenzene  are  first  built  up  into  a  living 
molecule  before  being  oxidized.  It  is  far  more  probable  that  they  are,  as 
it  were,  burned  in  the  liquid  of  the  cell  while  in  solution  there.  This 
point,  it  will  be  recognized,  is  a  matter  of  very  great  interest  from  a 
theoretical  point  of  view,  and  we  shall  have  occasion  to  come  back  to 
it  in  considering  the  combustion  of  the  excess  protein  and  amino-acids. 
It  is  in  general  harmony  with  the  view  that  there  are  two  kinds  of  com- 
bustion going  on  in  a  living  cell :  first,  the  oxidation  of  the  living  matter 
itself;  and,  second,  the  oxidation  of  substances  not  strictly  a  part  of  the 
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living  matter,  but  dissolved  in  the  water  which  penetrates  it.  In  most, 
if  not  all,  oxidations  where  there  is  a  spontaneous  oxidation  there  is, 
as  has  been  pointed  out  already  in  discussing  the  physical  chemistry 
of  oxidation,  a  formation  of  hydrogen  peroxide  accompanying  the 
main  oxidation.  Now  it  is  a  peculiarity  of  many  of  the  oxidations  of 
living  matter  that  they  may  be  closely  simulated  outside  the  cell  by 
oxidation  with  hydrogen  peroxide  at  ordinary  temperatures.  This  point 
has  been  particularly  established  by  Dakin,  who  has  made  many  beau- 
tiful discoveries  concerning  the  nature  of  the  oxidations  in  the  body 
by  following  out  this  idea.  Hydrogen  peroxide  is  probably  formed  in 
the  course  of  the  vital  reactions  or  oxidations.  There  is  in  practically 
all  cells  catalase  for  the  purpose  of  destroying  the  peroxide.  It  would 
be  strange  if  this  ferment  was  so  generally  present  and  if  it  had  nothing 
to  do.  It  is  probable,  then,  that  there  is  produced  alongside  of  the  vital 
oxidation,  or  respiration,  a  secondary  oxidation  of  a  purely  chemical 
kind  of  the  materials  in  solution  in  the  water  of  the  protoplasm  by  the 
hydrogen  peroxide  formed.  It  is  possibly  this  oxidation  which  gets 
hold  of  the  substances  as  they  enter  the  cells  and  partially  or  wholly 
oxidizes  them.  This  oxidation  is  not  at  all  specific  and  it  may  happen, 
then,  that  the  cell  has,  in  general,  powers  of  oxidizing  things  it  has  never 
met  with  before.  There  is,  however,  another  oxidation  which  is  specific, 
as  has  been  pointed  out. 

Substances  which  appear  in  the  urine  paired  with  glycuronic  acid. 
One  of  the  first  general  principles  which  was  found  was  that  the  sub- 
stance ingested,  after  undergoing  a  partial  oxidation  so  that  it  obtained 
a  hydroxyl  group  at  some  point,  combined  with  glycuronic  acid  in  an 
ester  union  and  was  excreted  in  the  urine  as  the  glycuronic  acid  ester. 
A  very  large  number  of  different  kinds  of  substances  are  thus  excreted. 
Not  always  does  all  of  the  compound  ingested  reappear.  Generally  some, 
or  m'ost  of  it,  is  destroyed  beyond  recognition,  but  some  of  it  by  uniting 
with  glycuronic  acid  becomes  so  stable  that  it  is  no  longer  oxidized  or 
otherwise  metabolized  and  it  appears  in  the  urine  united  with  it.  Just 
where  it  finds  the  glycuronic  acid,  in  what  organ,  whether  the  liver  or 
the  muscles  or  somewhere  else,  is  not  definitely  known;  but  it  is 
probably  one  of  these  two  organs,  for  it  is  probably  an  organ  which 
lias  a  supply  of  carbohydrate  on  hand  from  which  the  glycuronic  acid 
pan  be  formed.  Among  the  substances  which  thus  appear  in  the  urine 
conjugated  with  glycuronic  acid  are  a  great  number  of  aromatic  sub- 
stances which  contain  the  phenol  group,  such  as  phenol,  cresol,  camphor, 
cyclic  terpenes  such  as  borneol,  menthol,  thymol,  naphthalene,  antipy- 
rine,  oil  of  turpentine,  oxyquinolines,  orthonitrotoluene  and  many  other 
substances  of  this  class.  In  addition  many  aliphatic  alcohols  also  com- 
bi no  with  glycuronic  acid  and  appear  in  the  urine  in  that  form.    SmaU 
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quantities  of  the  glycuronie  ester  appear  after  the  ingestion  of  isopropyl 
alcohol,  amyl  alcohol  and  many  ketones  and  aldehydes  which  are 
probably  first  reduced  to  alcohols  in  the  body.  Chloral  hydrate  ap- 
pears in  the  urine,  after  its  ingestion,  as  trichlorethylglyeuronic  acid. 

Substances  wJiick  appear  in  the  urine  paired  with  glycine.  Glycocoll, 
or  glycine,  is  another  substance  which  is  very  often  united  with  ingested 
substances  and  when  so  united  protects  them  from  further  decomposi- 
tion. Hippuric  acid  is  a  glycine  conjugate,  but  there  are  many  others. 
Thus  in  the  bile  we  have  glycocholic  acid,  a  conjugate  of  cholic  acid 
and  glycine.  The  body  is  apparently  able  to  form  very  large  amounts 
of  glycine  and  thus  to  protect  itself  against  many  different  foreign 
substances  which  by  their  decomposition  might  give  rise  to  waste  or 
active  products  different  from  those  in  whose  presence  the  protoplasm 
is  accustomed  to  work.  The  aromatic  substances  which  by  oxidation 
give  rise  to  benzoic  acid  in  the  body  appear  in  the  urine,  in  part,  as 
hippuric  acid,  although  they  are  in  part  often  oxidized  further.  In  the 
table  on  page  814  it  will  be  seen  that  phenyl-amino-acetic  acid,  phenyl- 
propionic,  phenylcinnamic  acids,  phenylserine,  phenylglyceric  and 
phenyl-b-hydroxypropionic  acids  undergo  oxidation  in  the  body  to  ben- 
zoic acid  and  leave  the  body  in  part  as  hippuric  acid,  being  paired  with 
glycine.  Phenylethyl  alcohol  and  phenylacetaldehyde  are  oxidized  to 
phenylacetic  acid  and  paired  with  glycine  to  form  phenaceturic  acid  in 
dogs  but  not  in  man.  In  man  they  are  paired  with  glutamine  and  appear 
as  phenylaeetie  glutamine.  In  small  part,  too,  they  pair  with  glycuronie 
acid.  Xylene  is  oxidized  to  toluic  acid,  CaH4(CH3).C00H,  and  paired 
with  glycine  is  excreted  as  toluric  acid;  mesitylene,  €6113(0113)3,  is  oxi- 
dized to  mesitylenic  acid,  CeH3(CH3)2.COOH,  and  after  pairing  with  gly- 
cocoll is  excreted  as  mesityluric  acid,  C8H3(CH3)2.C0.NH.CH2.C00H; 
cymene,  (CH3)2CH.CeH4.CH3,  is  oxidized  into  cumic  acid,  p-isopropyl 
benzoic  acid,  and  excreted  as  the  glycocoll  conjugate,  cuminuric  acid, 
( CH3 )  2.CH.C6H4.CO.NH.CH2.COOH. 

Substances  which  appear  in  the  urine  conjugated  with  sulphuric 
acid.  We  have  already  considered  the  principal  substances  of  this 
group.  They  are  for  the  most  part  aromatic  alcohols,  such  as  phenol, 
indoxyl,  scatoxyl,  pyrocatechol  and  the  substituted  members  of  the 
group.  The  formation  of  these  conjugates  is  still  essentially  unexplained. 
It  is  not  impossible  that  they  may  pair  with  taurine  and  the  organic 
part  of  the  molecule  be  split  off.  They  may,  however,  be  formed  from 
sulphuric  acid  itself.    The  amount  is  in  any  case  not  very  large. 

Substances  which  are  paired  with  ornithine.  In  the  bird's  body  there 
does  not  appear  to  be  on  hand  a  stock  of  glycine  for  pairing  purposes. 
Substances  which  in  the  mammals  leave  the  body  paired  with  glycocoll 
appear  in  birds'  urine  paired  with  ornithine  to  make  ornithurie  acid- 
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This  is  not  the  only  difference  between  the. birds'  metabolism  and  that 
of  mammals.  Nitriles  which  leave  the  mammal's  body  paired  with 
sulphur,  as  sulphocyanate,  do  not  appear  in  this  form  in  birds'  excre- 
tions. Ornithine  is  diamine-valerianic  acid,  NHj.CHa.CHj.CHj.CHNHa. 
COOH. 

Uramido  acids.  Attention  has  already  been  called  to  the  fact  that 
some  substances  leave  the  body  conjugated  with  carbamic  acid, 
NH2.CO.OH.  The  formation  of  substances  of  this  sort  indicates  that 
Siegfried's  carbamic  reaction  occurs  in  living  matter.  Perhaps  there 
first  occurs  a  union  of  carbonic  acid  with  the  amino  group,  followed  by 
its  subsequent  union  with  ammonia  through  a  second  hydroxyl  of  the 
CO2.  Thus  in  rabbits  m-amino-benzoic  acid  appears  in  part  in  the  urine 
as  uramino-benzoic  acid,  NHa.CO.NH.CeHi.COOH.  Reactions  similar 
to  these  may  be  at  the  bottom  of  the  synthesis  of  uric  acid,  or  of  allan- 
toine.  Uramido  acids  may  undergo  dehydration  and  appear  in  the  urine 
as  substituted  hydantoines.    Hydantoine  is 

NH— CO 

od 

NH— CH 

2 

Hydantoine. 

Nitriles  and  cyanides.  These  appear  in  the  urine  of  mammals  as 
the  sulphocyanates,  having  somewhere  in  the  body  picked  up  an  unoxi- 
dized  sulphur  atom.  In  birds  this  union  does  not  occur,  or  if  it  does 
the  substances  do  not  appear  in  the  urine  in  this  form.  It  has  not  been 
determined,  so  far  as  I  can  find,  what  becomes  in  birds'  bodies  of  in- 
gested cyanides  and  nitriles. 

Processes  of  reduction  in  the  body.  Whenever  they  enter  protoplasm 
substances  are  exposed  both  to  reductions  and  oxidations.  Probably  the 
oxidations  occur  chiefly  in  the  part  of  the  cell  where  the  oxygen  is  most 
plentiful:  namely,  that  near  the  blood  vessel.  It  probably  happens, 
therefore,  that  the  first  exposure  is  to  strong  oxidation,  but  on  pene- 
trating into  the  interior  of  cells  where  processes  of  strong  reduction 
occur  it  is  not  surprising  that  many  substances  are  reduced  as  well 
as  oxidized.  This  happens,  for  example,  to  the  foods,  since  from  the 
oxidized  carbohydrates  the  reduced  fats  are  formed.  But  many  sub- 
stances besides  the  carbohydrates  are  reduced  in  the  body.  Thus  alde- 
hydes and  ketones  are  not  infrequently  reduced  in  part  to  alcohols, 
while  a  part  is  oxidized  to  acids.  This  happens,  for  example,  to 
acetoacetic  acid,  which  is  reduced  in  part  to  /5-hydroxybutyric  acid. 
m-Nitrobenzaldehydc  is  in  part  carried  over  into  m-acetylaminobenzoic 
acid.  This  is  a  reaction  which  involves  an  acetylation  which  is  discussed 
later.    (See  page  824.) 

Methylation  and  demethylation.    Some  substances  such  as  pyridine 
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and  tellurium  compounds  are  methylated  in  passing  through  the  body, 
and  some  other  substances  lose  their  methyl  groups  perhaps  by  oxida- 
tion. The  matter  of  methylation  has  been  considered  already  under 
creatinine.  The  methylated  xanthines,  such  as  caffeine  and  theobro- 
mine, are  in  large  measure  demethylated  somewhere  in  the  body,  since 
they  appear  in  the  urine  in  small  part  as  the  dimethyl  or  monomethyl 
purines. 

Conclusion.  The  general  conclusion  from  this  work,  besides  the 
establishment  of  the  general  character  of  the  decompositions  of  various 
compounds,  both  foods  and  non-foods,  is  that  in  their  passage  into  the 
various  cells  of  the  body  the  ingested  molecules  of  all  kinds  come  into 
contact  with  a  great  variety  of  other  molecules.  Some  of  these  molecules 
are  of  such  a  character  that  union  takes  place.  The  subsequent  fate 
of  the  union  depends  upon  its  stability.  If  it  is  more  easily  oxidized  than 
the  substance  which  found  entrance  to  the  cell,  decomposition  and  oxi- 
dation occur  and  we  say  that  that  particular  cell  contains  an  oxidase 
which  is  capable  of  hastening  the  oxidation  of  the  ingested  matter;  if, 
on  the  other  hand,  the  union  is  less  easily  oxidized,  or  otherwise  decom- 
posed, than  the  original  substance,  the  compound  thus  formed  takes 
its  exit  from  the  cell  and  eventually  appears  in  the  urine  in  the  form 
of  a  paired  substance.  In  such  case  we  say  that  conjugation,  or  pairing, 
has  preserved  the  substance  and  perhaps  protected  the  body  from  the 
action  of  a  toxic  substance.  For  every  substance  which  is  thus  ren- 
dered inert  by  the  compound  being  more  stable  it  is  possible,  however, 
that  there  are  other  substances  which  by  union  are  rendered  less  stable 
and  made  more  toxic.  Thus  some  nitriles,  such  as  benzonitrile,  may  be 
rendered  far  more  toxic  by  partial  oxidation,  for  the  oxidized  nitriles 
set  free  hydrocyanic  acid  more  easily. 

Urinary  pigments. — Normal  human  urine  has  a  yellow  color,  which 
may  deepen  on  exposure  to  air  and  light.  This  yellow  color  is  due  to 
certain  pigments.  The  first  of  these  to  be  discovered  and  studied  was 
urochrome,  which  is  the  principal  pigment  of  the  urine.  It  is  precipi- 
tated from  the  urine  by  phosphotungstie  acid  or  basic  lead  acetate.  It 
was  discovered  and  named  by  Thudichum.  He  has  described  its  proper- 
ties, but  its  composition  is  still  unknown.  It  gives  rise  according  to  him 
to  various  decomposition  products  called  uropittine,  omicholine,  etc. 
This  pigment  is  badly  in  need  of  further  investigation.  Thudichum 's 
work  on  the  pigments  of  the  urine  was  neglected  with  the  same  com- 
pleteness as  his  work  on  the  brain,  his  work  on  the  bile  pigments  and 
his  work  on  the  blood  pigments.  The  whole  subject  of  the  relation  of 
the  urinary  to  the  bile  pigments  and  the  nature  of  both  should  be  care- 
fully re-examined  with  the  exact  work  of  Thudichum  made  the  point  of 
departure.  There  are  many  points  in  the  chemistry  of  these  compounds 
which  cannot  be  reconciled  with  the  prevailing  opinions  of  their  nature. 
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The  other  pigment  of  the  .urine  is  urobilinogen.  Thudichum  main- 
tained that  this  substance  was  but  an  impure  mixture  of  decomposition 
products  of  his  uroehrome  and  gave  excellent  reasons  to  support  that 
view.  It  is  still  badly  characterized  and  the  analyses  do  not  agree  with 
the  calculations.  Urine  when  made  strongly  acid  becomes  a  dark  red 
color,  due  to  the  development  of  a  pigment  called  uroerythrine.  This  red 
color  is  probably  derived  from  the  scatole  of  the  urine.  The  composi- 
tion of  urobilinogen  and  uroehrome  is  still  uncertain.  They  are  prob- 
ably derived  from  the  bile  pigment,  bilirubin,  and  urobilin  appears  to 
be  identical  with  stercobilin,  a  reduced  bilirubin  found  in  the  feces.  It 
is  quite  possible  that  this  reduction  of  bilirubin  to  urobilin  can  take 
place  elsewhere  than  in  the  alimentary  canal,  since  urobilin  is  found  in 
the  bile  and  blood.  Both  uroehrome  and  urobilin  yield  pyrrol  deriva- 
tives. They  are  probably  derived  in  the  long  run  from  the  hematin  of 
the  blood  as  discussed  under  the  bile.  As  the  chemistry  and  origin  of 
these  compounds  is  still  so  uncertain,  further  discussion  may  be  post- 
poned until  methods  of  purifying  them,  particularly  the  uroehrome,  shall 
be  perfected.  Clinically  dimethylamino  benzaldehyde  (red  reaction, 
Ehrlich's)  is  used  to  detect  urobilin  in  the  urine,  feces  and  bile. 
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CHAPTER  XVIII. 

THE  METABOLISM  OF  THE  BODY  CONSIDERED  AS  A  WHOLE. 

CAUBOHYDEATES. 

In  the  immediately  preceding  cliapters  there  have  been  considered  the 
chemistry  and  metabolism,  so  far  as  they  are  known,  of  the  different 
organs  and  tissues  of  the  body.  Since  each  of  these  organs  is  normally 
working  in  conjunction  with  others,  being  co-ordinated  either  by  the  nerv- 
ous system  or  the  blood  in  the  manner  described,  their  normal  metabolism 
can  only  be  studied  while  they  are  in  situ.  The  possibility  of  studying 
each  organ  separately  is  greatly  limited  by  this  fact.  Much,  however, 
can  be  learned  by  studying  the  metabolism  of  the  body  as  a  whole,  with- 
out inquiring  at  first  just  where  the  various  steps  of  that  metabolism 
occur.  In  this  method  of  study  the  organs  are  all  working  in  their 
normal  relations  and  at  their  maximum  efficiency.  Moreover,  the  funda- 
mental processes  of  metabolism  probably  do  not  differ  very  widely  in 
different  organs,  although,  of  course,  the  metabolism  differs  in  par- 
ticulars in  each,  so  that  the  constitution  of  each  is  specific.  The  general 
course  of  the  change  which  the  carbohydrates,  proteins  and  fats  undergo 
in  the  course  of  their  passage  through  the  body,  from  the  time  of  their 
absorption  to  their  excretion  in  the  form  of  various  fragments,  may  now 
be  examined. 

The  metabolism  of  sugar. — The  carbohydrates  are  absorbed  chiefly 
as  glucose,  levulose  and  galactose  and  about  500  grams  of  carbohydrate 
are  normally  consumed  per  day.  We  have  now  to  follow,  so  far  as 
we  are  able,  the  sugar  thus  absorbed  in  its  course  through  the  body. 
Prom  the  intestine  it  passes  to  the  blood,  where  it  is  found  in  the  blood 
plasma  in  a  concentration  varying  from  .08-. 15  per  cent,  of  the  whole 
blood.  The  glucose  thus  present  in  the  plasma  is  dialyzable  and  the 
greater  part  of  it  is  free  and  not  united  to  any  colloidal  matter,  as  was 
at  one  time  suggested  (McGuigan  and  von  Hess) . 

In  taking  up  this  subject  of  the  carbohydrate  metabolism  it  is 
perhaps  most  interesting  and  instructive  to  follow  the  historical  method. 
About  the  middle  of  the  nineteenth  century  it  was  known  from  the  work 
of  Lavoisier  that  the  carbohydrates,  like  other  foods,  were  burned  or 
oxidized  in  the  body  in  large  measure  to  carbon  dioxide  and  water; 
that  by  means  of  this  combustion  heat  was  liberated  to  just  the  same 
amount  as  would  have  been  produced  by  burning  so  much  sugar  out- 
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side  the  body ;  that  of  this  heat  part  was  consumed,  or  rendered  latent, 
in  the  evaporation  of  water,  or  in  doing  work,  and  the  greater  part 
supplied  the  heat  which  the  body  was  constantly  giving  off  as  if  it  were 
a  stove.  But  where  this  combustion  took  place,  how  it  could  take  place 
in  an  aqueous  medium,  and  whether  the  sugar  underwent  intermediary 
transformations  before  oxidizing,  as  was  indicated  by  the  appearance  of 
fat  after  carbohydrate  ingestion,  these  were  matters  quite  obscure. 

A  great  step  forward  in  this  dark  field  was  taken  in  1843  by  the 
French  physiologist,  Claude  Bernard,  a  man  whose  name  should  be 
remembered  for  his  striking  discoveries,  ingeniojis  and  skillful  experi- 
ments, his  clear  thoughts,  lofty  imagination  and  the  beautiful,  simple 
and  luminous  style  in  which  his  books  and  papers  were  written.  Since 
it  was  impossible  to  follow  the  course  of  the  sugar  directly  after  its 
entrance  into  the  blood,  Bernard  turned  his  attention  to  those  patho- 
logical cases  in  which  sugar  appears  in  the  urine.  Disease  tries  many 
experiments  which  we  cannot  as  yet  with  our  clumsy  vivisectional 
methods  hope  to  imitate,  and  for  the  wise  man  who  can  read  the  experi- 
ments aright  pathology  reveals  many  secrets  of  metabolism.  It  was 
known  to  Bernard  that  at  times  large  amounts  of  glucose  may  appear 
in  the  urine  of  human  beings,  although  it  normally  is  present  only  in 
amounts  of  about  .04  per  cent.  The  urine  is  then  greatly  increased  in 
amount,  it  is  often  sweet  to  the  taste,  very  light  colored,  having  a  high 
specific  gravity  and  often  a  sweetish  or  aromatic  odor.  Such  pathological 
urine  excretion  is  called  glycosuria,  or  glucosuria,  or  diabetes  mellitus 
(dia,  through,  and  mel,  honey;  literally,  honey  diabetes).  In  severe 
forms  of  this  disease  with  a  fatal  ending  in  coma,  60-500  grams  of 
glucose  might  be  eliminated  per  day.  Nothing  was  kno^^^l  of  the  cause 
of  the  disease  so  grave  in  its  prognosis;  or  of  the  origin  of  the  glucose 
which  appeared  in  the  urine. 

Bernard  tried  to  produce  the  disease  artificially.  He  found  that 
injury  to  the  floor  of  the  fourth  ventricle  of  the  medulla  oblongata  in 
dogs  and  rabbits  produced  almost  invariably  a  discharge  of  glucose 
in  the  urine.  This  puncture  is  known  as  the  sugar  puncture.  This 
glucosuria  was,  however,  temporary  and  never  had  a  fatal  ending.  It 
was  found  on  examining  the  matter  farther  that  the  puncture  only  pro- 
duced glucosuria  if  the  animals  had  been  fed  on  carbohydrate,  or  were 
well  fed.  Starving  animals  produced  little  or  no  sugar.  It  did  not 
occur  either  if  the  splanchnics,  two  sympathetic  nerves  supplying  the 
abdominal  viscera,  had  been  divided  before  the  puncture  (Eckhard). 
Bernard ,  did  not  succeed  in  producing  artificially  a  severe  glycosuria 
with  the  accompanying  symptoms  of  the  human  disease,  nor  were  physi- 
ologists more  successful  until  about  1890,  when  von  Mering  and  Min- 
kowski discovered  that  extirpation  of  the  pancreas  would  produce  it. 
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Bernard  attempted  to  find  where  the  sugar  came  from  which 
appeared  in  the  urine  after  the  sugar  puncture.  He  examined  the  glu- 
cose content  of  the  blood  in  different  regions  of  the  body.  He  found 
that  the  blood  of  the  jugular  and  femoral  veins  contained  less  glucose 
than  the  corresponding  arterial  blood : 

V.  jugularis   08%      Femoral  artery 0.12% 

Carotid  artery 12  Femoral  vein 0.08 

Evidently  glucose  was  taken  from  the  blood  in  passing  through  the 
tissues  supplied  by  these  blood  vessels.  Next,  by  means  of  a  sound 
passed  into  the  jugular  vein,  he  drew  a  sample  of  blood  from  the  right 
auricle.  This  contained  as  much  glucose  as  the  arterial  blood.  It  was 
clear  that  somewhere  in  the  body  sugar  must  be  added  to  the  blood  to 
make  good  the  loss  of  that  taken  out  by  the  tissues.  A  sound  passed 
through  the  heart  and  down  into  the  inferior  vena  cava  to  a  level  just 
above  the  kidneys  showed  that  the  blood  of  that  vein  contained  0.08  per 
cent,  of  sugar.  The  sound  was  now  drawn  carefully  back  to  the  level 
of  the  opening  of  the  hepatic  vein.  The  blood  from  here  contained 
0.14  per  cent,  or  more  of  glucose,  or  more  than  the  arterial  blood.  Evi- 
dently, then,  somewhere  in  the  portal  circulation  glucose  was  added 
to  the  blood.  An  examination  of  the  blood  of  the  portal  vein  showed 
generally  that  the  portal  vein  blood  contained  less  glucose  than  the 
hepatic  blood.  This  proved  that  sugar  was  added  to  the  blood  during 
its  passage  through  the  liver  and  an  examination  of  this  organ  resulted  in 
the  discovery  of  the  following  facts :  If  the  liver  was  taken  as  rapidly  as 
possible  after  decapitation  out  of  the  body  of  a  rabbit  and,  excluding  the 
gall  bladder,  was  thrown  into  boiling  water  and  cut  up  in  it  while  boiling, 
only  very  small  amounts  of  a  reducing  sugar  could  be  extracted  from 
it.  Evidently  the  liver  did  not  contain  more  sugar  than  might  be 
attributed  to  the  blood  in  it.  But  there  went  into  solution  in  the  water 
a  substance  which  made  an  opalescent  solution  and  which  when  boiled 
with  acid  or  acted  upon  by  saliva  or  malt  diastase  quickly  set  free  a 
reducing  sugar.  Moreover,  if  the  liver  was  left  in  the  body  after  death, 
then  it  was  subsequently  found  to  contain  considerable  quantities  of 
glucose  and  maltose.  The  living  active  liver,  then,  contained  little  or 
510  glucose,  but  it  contained  a  considerable  quantity  of  a  material  from 
which  glucose  could  be  and  was  made,  and  this  substance  was  called  by 
Bernard  for  this  reason  glycogen,  the  glucose-maker. 

Thus  was  made  one  of  the  first  or  fundamental  discoveries  in  our 
knowledge  of  sugar  metabolism  and  it  placed  the  liver  in  an  entirely 
new  light.  It  had  before  that  been  known  only  as  a  digestive  gland; 
it  was  now  seen  that  it  played  another  and  possibly  far  more  important 
role  in  the  carbohydrate  metabolism  of  the  body  and  was  one  of  its 
most  important  chemical  factories. 
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Further  study  by  Bernard  showed  that  the  glycogen  which  he  had 
discovered  was  very  generally  found  in  the  animal  kingdom,  where  it 
played  the  role  that  starch  plays  in  the  plant  world.  He  showed  that 
it  was  present  in  muscle  cells,  in  pus  cells,  in  embryonic  tissues,  in  fly 
larvffi,  in  earthworms  and  in  other  invertebrates  as  well  as  vertebrates, 
and  it  was  present,  though  in  varying  amounts,  in  the  livers  of  nearly 
all  vertebrates.  It  became  at  once  one  of  the  fundamental  constituents 
of  animal  cells. 

Glycogen.  (CeHioOj)^.  The  glycogen  thus  discovered  is  a  col- 
loidal polysaccharide  which  is  digested  by  ptyalin  into  maltose  and  by 
the  liver  tissue  and  muscle  tissue  into  dextrose  and  maltose.  When 
inverted  by  acid  it  yields  dextrose.  It  is  entirely  resistant  to  30  per 
cent.  KOH  and  its  quantitative  determination  depends  upon  this  fact. 
It  is  prepared  by  boiling  the  tissue  with  30  per  cent.  KOH  until  it  dis- 
solves; filtering  through  asbestos  or  glass  wool  and  precipitating  with 
alcohol.  All  protein  and  reducing  sugars  are  destroyed  by  the  strong 
alkali.  It  is  spow-white  in  color,  soluble  in  water  to  an  opalescent  solu- 
tion. It  is  dextro-rotatory:  (ar)D=+196.63°.  It  does  not  reduce  Feh- 
ling's  solution;  with  iodine-potassium  iodide  it  gives  in  the  cold,  if  salt 
is  present,  a  port-wine  color  and  this  is  one  of  the  means  of  its  detection. 
By  this  reaction  it  may  be  detected  in  sections,  and  it  can  be  seen  in 
the  liver  tissue  often  deposited  in  radiating  masses  or  granules  about 
the  nucleus.  Some  of  the  mitochondria  described  by  histologists  are 
possibly  glycogen.  It  is,  as  will  be  seen  from  its  resistance  to  alkali, 
an  inert  substance.  It  is  colloidal  and  it  is  plainly  a  reserve  material 
of  the  cell. 

Origin  of  glycogen.  The  question  of  the  origin  of  the  glycogen  of 
the  liver  was  at  once  attacked.  Bernard  found  that  it  not  only  ap- 
peared in  large  quantities  when  carbohydrate  food  was  taken  and  hence 
was  made  presumably  from  the  carbohydrate  of  the  food,  but  it  ap- 
peared also  when  a  purely  meat  diet  was  consumed.  Putrefying  muscle 
contains  almost  no  carbohydrate,  but  the  larvae  of  flies  which  have  fed 
upon  this  muscle  and  on  nothing  else  contain  large  amounts  of  glycogen 
in  their  bodies.  Evidently  they  must  be  able  to  make  glycogen  from 
protein  and  since  dogs  fed  exclusively  on  lean  meat  also  have  livers 
containing  large  amounts  of  glycogen  they  too  must  be  able  to  make 
carbohydrate  from  protein.  A  second  fundamental  discovery  in  the 
metabolism  of  the  sugars  was  thus  made,  namely,  that  animals  can 
make  carlohydrate  from  protein.  This  showed  that  animals  had  powers 
of  synthesis  which  it  had  been  believed  were  peculiar  to  plants. 

To  try  these  experiments  properly  it  is  necessary  to  get  the  liver 
practically  glycogen  free  at  the  start  of  the  feeding.  This  can,  perhaps, 
be  done  best  by  Lusk's  method  of  the  injection  of  phlorhizin  of  which 
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we  shall  presently  speak,  but  before  the  properties  of  this  drug  were 
known  recourse  was  had  to  other  methods.  Animals  were  made  to 
fast  for  considerable  periods,  forced  to  exercise  by  being  put  in  a  re- 
volving cage,  exposed  to  cold,  which  causes  consumption  of  glucose,  and 
finally  given  small  doses  of  strychnine  to  produce  mild  tetanus.  By 
these  means  the  liver  may  be  made  almost  glycogen  or  sugar-free  and  the 
amount  in  the  muscles  is  reduced  to  a  minimum. 

Origin  of  glycogen  from  protein  and  carbohydrates.  That  the  glyco- 
gen is  formed  from  protein  and  carbohydrate  food  is  illustrated  by  the 
following  experiments  by  Kiilz  and  C.  Voit.  Kiilz  fed  hens  casein, 
serum  albumin  and  egg  albumin,  control  hens  being  sacrificed  at  the 
start  of  the  feeding  to  determine  the  amount  of  glycogen  in  the  liver. 


Glycogen  content  of  the  liver— grme. 

Substance  fed 

Before 

After  feeding 

1.013 
0.917 
1.016 

1.85 

1.56 

Egg   albumin    

1.78 

C.  Voit  starved  hens  and  rabbits  for  five  days  which  reduced  the 
glycogen  to  a  minimum.  He  then  fed  various  carbohydrates  and  killed 
the  animals  after  six  hours. 


Sugar  fed 
1.     Dextrose    . . 


2.  Sucrose 

3.  Levulose 


4.  Maltose    . 

5.  Galactose 

6.  Lactose  . . 


Animal'  Amount  fed 

I  Cock  50  grams 

j  Rabbit  80      " 

Hen  100  o.c.  50%  solution. 

Cock  54.89  grams 

Rabbit  130  c.c.  54.8  grams 

Cock  CO  grams 

Rabbit  60      " 

Cock  55  grams 

Rabbit  68.2  grams 

Hen  16  grams 

Rabbit  16      " 

"  50  grams 


■■) 


Glycogen  in  liver 
15.34% 

16.85      (9.269  grams  in  liver; 
8.972  grams  in  muscle) 

3.75%  (1.215  grams) 
10.50%  (3.99  grs.;  3.562  grs.  in 
rest  of  body) 

9.08%  (5.26  grams) 
10.43      (4  grams) 

9  822 

1.29%  (0.6716  gr.) 

1.53      (0.871  gr.) 

0.19% 

1.70 

0.69      before;  3.61%  after. 


From  these  results  it  appears  that  feeding  glucose,  levulose,  sucrose 
or  maltose  leads  to  a  loading  of  the  liver  with  glycogen.  Lactose  and 
galactose  are  utilized  very  little,  if  at  all,  by  rabbits  or  hens.  They  are, 
however,  utilized  by  dogs,  human  beings  and  other  animals. 

As  regards  the  origin  from  carbohydrates  Voit  (Otto),  after  four 
days'  fasting,  gave  a  rabbit  80  grams  of  glucose  in  solid  form  and  killed 
it  after  8y2  hours.  The  liver  weighed  55  grams ;  he  obtained  9.269  grams 
of  glycogen  or  16.85  per  cent.  In  the  rest  of  the  body  there  were  8.972 
grams  of  glycogen.  The  urine  contained  during  this  period  0.816  grams 
of  nitrogen  equivalent  to  5.10  grams  of  albumin  which  at  a  maximum 
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could  only  have  yielded  2.42  grams  of  glycogen.    There  is,  then,  no  doubt 
of  the  origin  of  glycogen  from  carbohydrate  of  the  food. 

Origin  of  glycogen  from  fat.  While  glycogen  can  thus  be  readily 
formed  from  protein  and  other  carbohydrate  very  little  is  formed  from 
fat.  It  is  found  by  feeding  glycerol  to  animals  rendered  artificially 
diabetic,  or  to  diabetic  human  beings,  that  the  glycerol  of  the  fat  mole- 
cule, if  it  get  free,  may  be  turned  over  into  carbohydrate.  But  if  fats 
are  fed  to  diabetic  animals  or  men  they  do  not  materially  change  the- 
excretion  of  dextrose.  It  appears  from  this  that  the  fatty  acids  do 
not  go  over  into  carbohydrate  in  the  body,  although  the  reverse  formation, 
the  change  of  carbohydrate  to  fat,  goes  with  the  greatest  ease,  and  may 
very  possibly  be  a  part  of  every  anaerobic  respiration.  It  seems  prob- 
able that  the  dextrose  molecule  in  its  decomposition  may  furnish  oxygen 
to  the  living  matter  and  be  itself  reduced  to  fat  or  other  less  oxidized 
substances.  In  this  way  in  the  absence  of  sufficient  oxygen  it  aids  in  the 
respiration  of  the  cell  and  it  is  itself  stored  as  fat  to  be  used  when 
the  supply  of  oxygen  is  more  plentiful.  The  oxidation  of  the  fatty 
acids  has  already  been  briefly  discussed  on  page  75,  and  it  will  be 
recalled  that  they  split  into  acetic  acid  and  the  fatty  acid  poorer  in 
carbon  by  two  carbon  atoms.  Acetic  acid  does  not  go  over  into  glycogen 
but  is  oxidized  to  carbonic  acid. 

Origin  of  glycogen  from  other  substances.  Further  study  has  shown 
that  the  liver  can  convert  many  other  substances  into  glycogen,  some 
of  them  very  simple  substances.  Thus  it  can  convert  lactic  acid,  pyruvic 
acid,  glycerol,  propyl  alcohol,  glycerol  aldehyde,  aspartic  acid,  alanine, 
and  some  other  amino-acids  to  carbohydrate.  The  power  of  the  body  to 
convert  other  substances  into  carbohydrate  is  most  conveniently  studied 
by  Lusk's  method  of  using  phlorhizinized  dogs. 

Fasting  dogs,  when  injected  subcutaneously  with  1  gram  of  finely 
powdered  phlorhizin  suspended  in  7  c.c.  olive  oil  develop  a  severe 
glycosuria  lasting  for  several  days.  The  ratio  of  dextrose  to  nitrogen, 
D :  N,  in  the  urine  after  a  day  or  so  reaches  the  value  of  3.5-3.7.  If  now 
these  dogs  are  fed  or  injected  with  substances  which  are  converted  into 
glucose  in  the  body,  the  extra  glucose  thus  formed  is  excreted  in  the 
urine  and  the  amount  may  be  determined.  In  this  way  it  may  be 
found  whether  animals  have  the  power  of  converting  any  given  substance 
into  glucose.  The  following  table  has  been  compiled  from  Lusk's  work; 
the  table  showing  that  the  first  four  amino-acids  are  clearly  capable 
of  being  turned  either  wholly  or  in  part  into  glucose  in  the  dog's  body. 
The  amount  of  these  acids  in  meat  will  account  for  about  50  per  cent, 
of  the  glucose  which  is  formed  when  meat  is  fed  phlorhizinized  dogs. 
Probably  serine,  arginine,  lysine,  and  valine  also  go  into  glucose  in  whole 
or  in  part.    Leucine  probably  does  not  form  glucose.    Since  these  amino- 
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acids  thus  go  into  glucose  in  the  phlorhizinized  dogs  it  is  probable  that 
they  have  this  power  in  the  normal  animal  and  thus  contribute  to  the 
formation  of  glycogen. 

Theoretical  if  all  Per   cent,    of 
Extra  glucose       amino-acid  con-       amino-acid 
Amount—                 excreted—          verted   into   glu-       made  into 
Amino-acid  fed                                  grams                        grams                  cose- grame  glucose 

Glyoocoll    20                     14.8-15.8  16                      100 

Alanine    20                    18.76  20.2                 100 

Aspartic  acid  20                     13.4-14.9  13.52                 100 

(If  3  0  atoms  into  glucose.) 

Glutamic  acid   20                    13.16  12.24                100 

(If  3  C  atoms  to  glucose.) 

Tyrosine   0  0 

The  place  of  the  transformation  of  amino-acids  to  glucose  is  cer- 
tainly in  part  in  the  liver.  Glucose  and  glycogen  can  be  made  by  the 
liver  from  protein.  It  will  be  recalled  when  discussing  digestion  that 
some  deaminization  of  the  amino-acids  took  place  in  the  canal  wall  or 
before  absorption.  The  amino-acids  are  carried  also  as  such  to  the  liver 
and  this  organ  has  the  power  of  deaminizing  some  of  them.  This 
process  has  been  studied  by  Knoop  and  Neuberg.  Alanine,  for  example, 
when  perfused  through  the  liver  loses  its  amino  group  and  passes  into 
pyruvic  acid;  glycocoll  goes  into  glyoxylic  acid: 

CH  .CHNH  .COOH    -f    O "  CH  .CO.COOH  +  NH 

3  2'  3  >  8 

Alanine.  Pyruvic  acid. 

CH  .NH  .COOH    +    0  "  CHO.COOH  +  NH 

Glycocoll.  Glyoxylic  acid. 

Not  all  of  the  amino-acids  which  reach  the  liver  are  thus  converted 
into  glucose.  Some,  and  probably  a  large  part  of  them,  escape  the 
gauntlet  and  circulating  in  the  blood  reach  and  nourish  the  tissues  of 
the  body.  The  power  of  oxidizing  them  in  the  way  just  indicated  is 
probably  an  attribute  of  all  living  matter,  although  possibly  especially 
developed  in  the  liver.  Folin  and  Denis  have  questioned  whether  the 
liver  really  deaminizes  most  of  the  amino-acids  at  all.  Perfusion  experi- 
ments appear,  however,  to  be  positive  that  some  deaminization  occurs 
there. 

Conversion  of  glycogen  into  glucose.  The  circumstances  and  exact 
control  of  the  conversion  of  glycogen  into  glucose  by  the  liver  are  still 
a  matter  of  investigation  and  they  cannot  be  said  to  be  clear  in  all 
their  details.  The  great  importance  of  this  subject  arises  in  part  from 
the  fact  that  the  process  is  typical  of  what  goes  on  in  cells  in  general, 
for  stored  foods  are  not  uncommon.  It  may  be  said  at  the  outset  that 
the  interruption  of  the  blood  flow  through  the  liver,  or  depriving  it  of 
oxygen,  always  leads  to  the  conversion,  more  or  less  complete,  of  glycogen 
into  sugar.  The  liver  can  only  form  glycogen  if  it  be  supplied  with 
sufficient  oxygen.    During  digestion,  when  vasodilation  occurs  in  all  the 
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intestinal  organs,  the  liver  receives  blood  by  the  portal  vein  which  is  only 
slightly  poorer  in  oxygen  than  arterial  blood.  At  this  time,  therefore, 
glycogen  is  formed  in  abundance.  But  during  digestive  rest  the  liver  re- 
ceives blood  by  the  portal  vein  which  is  already  strongly  venous ;  and  the 
supply  of  arterial  blood  is  relatively  small  by  way  of  the  hepatic  artery, 
so  that  at  this  period  the  liver  must  be  on  the  verge  of  asphyxiation. 
Under  these  circumstances  glyfeogen  will  be  converted  into  glucose. 

Sugar  puncture  leads  to  the  disappearance  of  glycogen  from  the 
liver  J  and  the  conversion  of  glycogen  into  glucose  can  be  hastened  by 
the  stimulation  of  the  splanchnics,  or  of  nerves  accompanying  the  blood 
vessels  into  the  liver.  Carbon  monoxide  poisoning  leads  to  the  dis- 
charge of  the  glycogen ;  curare  injection  has  a  similar  result  because, 
owing  to  the  paralysis  of  the  skeletal  muscles,  the  respiration  is  reduced 
and  partial  asphyxia  results.  Chloroform  and  some  other  anesthetics 
easily  produce  glycosuria  in  rabbits  and  in  dogs  and  human  beings,  also, 
if  the  body  be  chilled  during  the  anesthesia.  A  very  important  discovery 
was  that  the  injection  of  adrenaline,  the  internal  secretion  of  the  supra- 
renals,  greatly  increased  the  blood  sugar,  provided  the  liver  contained 
glycogen,  and  hence. produced  hyperglycemia  and  glycosuria.  So  that 
the  supra-renal  glands  were  thus  brought  into  relationship  with  the 
glycogen  conversion.  The  question  has  now  arisen  whether  the  conver- 
sion of  glycogen  to  glucose  by  stimulation  of  the  splanchnics,  or  by 
sugar  puncture,  is  due  to  the  direct  effect  of  the  stimulus  on  the  cells 
of  the  liver,  or  whether  it  is  the  indirect  effect  of  stimulation  of  the 
supra-renal  capsules,  since  these  nerves  supply  these  organs  also. 

Further  examination  of  this  problem  has  shown  that  if  the  supra- 
renals  be  extirpated,  and  rabbits  will  live  for  months  without  these 
organs,  stimulation  of  the  splanchnics  no  longer  causes  a  conversion  of 
glycogen  into  glucose.  On  the  other  hand,  the  amount  of  adrenaline  dis- 
charged into  the  blood  is  not  sufficient  in  itself  to  cause  glycogenolysis. 
MacLeod  is  probably  right  in  his  opinion  that  stimulation  of  the 
splanchnics  does  two  things:  it  directly  stimulates  the  liver  cells  to 
convert  glycogen  into  sugar;  and  it  indirectly  facilitates  this  result  by 
setting-  free  adrenaline,  which  carried  to  the  liver  greatly  increases  or 
re-enforces  the  effect  of  the  stimulation,  just  as  it  does  that  of  other  sym- 
pathetic nerves.  Strong  emotion,  either  of  fright  or  anxiety,  causes 
hyperglycemia  and  in  some  human  beings  glucosuria.  By  some  authors 
this  result  is  supposed  to  be  due  to  the  indirect  action  of  adrenaline, 
which  is  known  to  be  discharged  into  the  blood  in  large  amounts  in 
emotional  excitement.  It  is,  however,  more  probable  that  we  are  dealing 
here  with  a  double  action,  the  stimuli  coming  from  the  brain  under 
emotional  strain  pass  over  the  splanchnic  nerves  in  part  directly  to  the 
liver,  arousing  the  cells  to  glycogenolysis,  and  in  part  indirectly  they 
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increase  the  efficiency  of  this  stimulation  by  action  on  the  supra-renals, 
causing  a  discharge  of  adrenaline. 

The  transformation  cf  glycogen  into  glucose  in  the  liver  is  then,  in 
a  condition  of  health,  the  product  of  at  least  two,  and  probably  more, 
factors.  In  the  first  place  there  is  the  effect  of  nerve  stimulation  which 
in  some  way  accelerates  this  transformation ;  and  in  the  second  place  this 
stimulation  is  rendered  perhaps  more  powerful  by  the  increase  in  the 
adrenaline  content  of  the  blood  by  the  nervous  impulses  impinging  on 
the  adrenals.  By  the  co-operation  of  these  two  actions  glycogen  is 
changed  over  into  glucose  and  hyperglycemia  is  produced.  Indirectly, 
also,  either  as  the  result  of  the  hyperglycemia  alone,  or  because  at  the 
same  time  the  nerves  going  to  the  kidney  influence  the  state  of  that 
organ,  there  may  result  an  emotional  glycosuria. 

The  hyperglycemia  thus  produced  is  undoubtedly  in  the  nature  of 
an  adaptation.  The  object  of  the  mechanism  is  to  supply  to  the  muscles, 
which  under  normal  circumstances  in  nature  may  be  called  upon  to 
make  great  exertions  as  the  animal  flees  or  attacks  or  defends  itself,  an 
abundant  supply  of  glucose  from  which  they  can  sustain  their  energy. 
Experiments  have  clearly  shown  that  in  the  normal  animal  maximal 
contractions  are  made  possible  by  an  increase  in  the  sugar  of  the  blood. 
The  heart,   also,   nourishes  itself  from  dextrose  and   in   its  presence 

Just  as  the  emotions  may  stimulate  glycogenolysis,  so  also  does  ex- 
posure to  the  cold.  If  rabbits  are  simply  cooled,  or  if  dogs  are  cooled 
and  anesthetized,  or  if  human  beings  are  similarly  treated,  hyper- 
glycemia and  discharge  of  glucose  from  the  liver  results.  This  again 
is  in  the  nature  of  an  adaptive  change  since  the  muscles,  the  great 
thermogenic  tissues  of  the  body,  require  the  glucose  for  fuel. 

The  fact  that  emotions  or  cooling  have  this  effect  explains  the  nega- 
tive results  of  several  observers  who  have  attempted  to  increase  the 
glycogen  content  of  the  liver  by  the  direct  injection  of  glucose  into  the 
mesenteric  or  other  veins.  Thus  Croftan  got  quite  a  negative  result  in 
such  experiments  unless  glucose  was  given  by  the  intestine,  whereas 
positive  results  were  obtained  provided  care  was  taken  to  prevent  the 
access  of  stimuli  from  the  nervous  system  to  the  liver. 

It  has  been  remarked  that  stimulation  of  the  splanchnic  nerve  causes 
a  change  of  glycogen  to  glucose.  How  is  this  produced  ?  Does  the  nerve 
stimulation  in  some  way  set  free  a  glycogenolytic  enzyme  in  the  tissue ; 
or  does  it  in  some  other  way,  for  example  by  stimulating  the  active  dis- 
charge of  glucose  from  the  cells,  upset  the  equilibrium  between  glucose 
and  glycogen  and  thus  cause  more  glycogen  to  change  to  glucose!  Is 
there  in  fact  such  an  equilibrium?  The  same  question  arises  in  con- 
sidering the  physiology  of  muscle  where  also  following  nerve  stimulation 
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contraction  takes  place,  glucose  is  destroyed  and  glycogen  consumed. 
Just  how  does  the  nerve  impulse  act?  This  question  cannot  at  present 
be  answered  definitely.  MacLeod  has  especially  studied  it.  There  are 
many  possibilities  besides  those  just  mentioned.  Thus  it  might  be  that 
always  a  small  amount  of  free  glycogenase  exists  in  the  cell,  but  it  is 
prevented  by  colloidal  membranes  from  reaching  the  glycogen.  .  It  might 
be  that  the  nerve  impulse  altered  the  state  of  these  membranes  so  that 
the  enzyme  might  get  access  to  the  glycogen.  Another  possibility  is  that 
the  enzyme  is  anchored  to  some  of  the  colloids  of  the  cell,  and  the  union 
is  broken  on  stimulation.  Or  by  the  nerve  impulse  an  oxidative  change 
might  result  forming  acid,  this  acid  then  might  set  free  the  enzyme  from 
Jts  substrate  and  enable  it  to  attack  the  glycogen.  Or  perhaps  the 
glycogen  is  being  constantly  attacked  by  the  glycogenase  and  digested, 
the  glycogenase  being  always  present  in  the  cell,  but  usually  the  sugar 
thus  set  free  is  at  once  resynthesized  by  the  vital  activity  of  the  cell. 
The  nerve  stimulus  might  act  by  inhibiting  in  some  way  this  synthetic 
activity,  so  that  the  action  of  the  enzyme  proceeds  unchecked;  or  it 
might  be,  as  already  suggested,  that  the  nerves  simply  stimulated  the 
cells  to  discharge  or  secrete  their  glucose  and  automatically  the  cells 
produced  more  to  make  good  the  loss.  MacLeod,  in  studying  this  ques- 
tion, found  that  no  increase  in  glycogenase  could  be  detected  either  in 
the  tissue  or  in  the  vein  as  a  result  of  nerve  stimulation.  On  the  other 
hand,  an  increased  alkalinity  of  the  tissue  prevented  the  nerve  stimula- 
tion from  being  effective. 

The  transformation  of  glycogen  to  glucose  goes  on  rapidly  in  the 
liver  after  death,  at  least  it  goes  rapidly  in  the  first  few  hours.  There- 
after it  goes  more  slowly.  It  acts  as  if  it  might  be  a  vital  transforma- 
tion. It  is  natural  to  suppose  that  this  transformation  is  due  to  an 
endocellular  enzyme,  of  the  nature  of  amylase,  which  becomes  active 
under  the  post-mortem  acidity  of  the  tissue.  Extracts  of  liver  tissue, 
however,  have  little  more  amylolytie  power  than  those  of  the  blood 
(Eves;  Dastre)  ;  and  Dastre  thought  the  conversion  not  due  to  an 
enzyme.  The  conversion  is  greatly  accelerated  by  chloroform.  Paton 
gives  the  figures  on  the  next  page  illustrating  the  speed  of  this  conver- 
sion of  glycogen  to  glucose  (dog's  liver). 

The  figures  show  that  the  conversion  is  very  rapid  in  the  first  half 
hour  and  thereafter  goes  on  more  slowly.  It  is  also  clear  that  there  is 
practically  no  post-mortem  destruction  of  carbohydrate,  or  glycolysis. 
If  the  liver  is  thoroughly  ground  in  a  mortar,  so  as  to  destroy  the  cells 
as  completely  as  possible,  the  conversion  goes  on  much  more  slowly,  but 
is  not  completely  stopped.  Chloroform  has  practically  no  influence  on 
such  a  finely  ground  liver.  This  transformation  is  greatly  retarded  or 
stopped  by  an  alkaline  reaction  and  accelerated  .by  small  amounts  of 
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acid.  Perhaps  the  slowing  of  the  reaction  is  due  to  the  destruction  of 
the  enzyme,  or  to  the  slowing  of  the  reaction  by  the  development  of 
alkalinity,  owing  to  the  formation  of  ammonia  by  autolysis. 

Time  after  death  : Two  minutes  24  hours 

Glycogen     5.88  grams  0.55  grams 

Glucose    Trace  5.29 

Total   carbohydrates    ■ 5.88  grams  5.84 


Two  minutes 

45  minutes 

315  minutes 

Time  after  death:.... 

With  CHOI, 

Without 
CHOlj 

With  CHCI3 

Without 
CHCia 

Glycogen    

Glucose    

Total  carbohydrates  . 

7.09  grams 

0.23 

7.32 

5.68  grams 

1.39 

7.07 

6.23  grams 

0.98 

7.21 

4.60  grams 

2.53 

7.18 

5.42  grams 

1.88 

7.20 

The  influence  of  the  pcmcreas.  Still  another  factor  in  the  control  of 
this  transformation  of  glucose  to  glycogen  and  of  glycogen  to  glucose  has 
been  discovered  and  it  is  one  of  the  most  important  factors  in  the 
sugar  control.  It  is  the  pancreatic  gland.  That  this  gland  plays  a 
very  important  part  in  this  as  well  as  other  aspects  of  the  control  of 
the  body  carbohydrate  metabolism  was  discovered  by  von  Mering  and 
Minkowski  in  1889,  a  discovery  not  less  pregnant  and  important  than 
the  discovery  of  glycogen  itself.  These  authors  found  that  if  the 
pancreas  be  completely  extirpated,  hyperglycemia,  glucosuria,  and  the 
complete  loss  of  all  power  to  burn  glucose  or  other  carbohydrate  resulted. 
The  animals  showed  all  the  symptoms  of  the  severe  form  of  human 
diabetes  mellitus.  They  emaciated,  were  very  thirsty  and  voracious, 
their  muscles  were  weak,  they  passed  urine  containing  not  only  glucose 
but  also  acetone,  acetoacetic  acid  and  y3-hydroxybutyric  acid,  and  they 
died  in  coma  invariably  in  four  to  six  weeks. 
CH. 


c^ 


=  0 


Acetone. 


CH  .CO.OH  .COOH 

3  2 


Diacetic  acid. 


CH  .CHOH.CH  .COOH 

S  2 


^-hydroxybutyric  acid. 


Another  very  interesting  and  significant  fact  was  that  their  vital 
resistance  to  infection  was  enormously  reduced  so  that  it  was  extremely 
difficult  to  avoid  infection  in  the  operation,  or  afterwards,  and  wounds 
healed  slowly.  A  similar  susceptibility  to  blood  poisoning,  boils,  etc., 
in  other  words  to  the  attacks  of  various  streptococci,  is  shown  by  human 
beings  with  a  diabetic  trait.  The  possible  significance  of  this  fact  in 
considering  the  cause  of  diabetes  should  not  be  overlooked. 

Results  similar  to  these  have  been  obtained  in  all  classes  of  verte- 
brates;  in  frogs,    selachians    (dogfish),    birds,    snakes   and   mammals. 
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The  total  extirpatioa  of  the  pancreas  is  always  followed  by  death  and 
usually  by  a  loss  of  power  of  burning  carbohydrates. 

By  this  discovery  the  problem  set  by  Claude  Bernard  which  he 
failed  to  solve,  namely,  the  experimental  production  of  the  symptoms 
of  diabetes  mellitus,  was  solved. 

The  results  which  follow  pancreas  extirpation  are  not  due,  as  was 
at  first  thought,  to  the  extensive  division  of  the  nerves  and  traumatism 
of  the  sympathetic  ganglia  involved  in  the  operation,  but  must  be 
ascribed  primarily  to  the  actual  taking  out  of  the  pancreas  tissue.  This 
was  proved  by  Hedon,  who  made  the  following  experiment :  The  abdomen 
of  a  dog  was  opened,  a  portion  of  the  pancreas  was  extirpated  and  the 
branch  of  tl:«-  gland,  which  extends  into  the  mesentery,  was  brought 
to  the  surface  and  fastened  into  a  pouch  made  underneath  the  skin 
of  the  abdomen.  The  blood  vessels  and  nerves  of  this  portion  were 
left  intact.  After  several  weeks,  during  which  no  glycosuria  appeared, 
the  blood  vessels  of  the  skin  enter  into  union  with  the  vessels  of  the 
gland  graft.  Then  another  operation  was  performed  and  the  grafted 
piece  of  pancreas  was  cut  loose  from  the  stalk  connecting  it  with  the 
abdomen.  If  the  operation  had  been  successful,  if  the  blood  connection 
in  the  skin  had  been  established,  no  symptoms  of  diabetes  resulted. 
The  juice  secreted  by  this  grafted  piece  might  discharge  outwardly,  or 
make  a  tumor,  but  there  was  no  glucosuria  as  long  as  the  graft  remained. 
Some  time  later  the  graft  was  either  removed,  or  at  times  it  degenerated, 
and  wh(>n  this  happened  glycosuria  began  and  continued  until  shortly 
before  death. 

These  experiments  of  Hedon 's  were  not  very  numerous  but  they  were 
decisive.  They  showed  clearly  and  conclusively  that  the  nervous  lesions, 
or  circulatory  disturbances,  of  this  operation  were  not  the  cause  of  the 
glycosuria.  The  presence  of  the  grafted  tissue  even  under  the  skin  was 
sufficient  to  prevent  hyperglycemia  and  to  enable  the  body  to  carry  on 
its  ordinary  carbohydrate  metabolism.  There  were,  or  seemed  to  be, 
but  two  possible  explanations,  namely,  either  the  pancreas  adds  some- 
thing to  the  blood  or  lymph,  which  is  necessary  for  normal  carbohydrate 
metabolism,  or  it  takes  something  out,  which  if  not  removed  causes 
glycosuria.  Most  investigators  preferred  the  first  of  these  possibilities 
and  believed  the  pancreas  must  have  an  internal  secretion  even  more 
important  than  its  external  and  vitally  necessary  for  the  carbohydrate 
metabolism  of  the  body.  But  the  second  or  detoxication  theory  has  also 
had  its  advocates. 

This  discovery  of  von  Mering  and  Minkowski  and  Hedon  led  to  an 
enormous  amount  of  work  to  prove  the  existence  of  this  internal  secre- 
tion. This  work  extended  over  twenty  years  before  a  decisive  result 
was  obtained.    It  was  found,  however,  that  neither  feeding  the  gland 
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itself  nor  injecting  the  gland  extracts  caused  any  definite  and  clear- 
cut  change  in  the  course  of  the  disease  or  of  pancreatic  diabetes.  There 
were,  it  is  true,  many  apparently  successful  experiments  indicating  that 
pancreatic  extracts  might  have  some  temporary  or  trifling  action  in 
reducing  the  glycosuria;  but  other  observers  either  failed  to  get  any 
action  at  all,  or  the  glycosuria  might  even  be  increased  by  feedipg  pan- 
creatic tissue  to  depancreatized  dogs  or  to  human  beings  with  the  severe 
form  of  the  disease.  The  ease  with  which  a  temporary  relaxation  of 
glycosuria  might  be  produced  was  a  special  cause  of  error.  In  many 
instances,  indeed,  feeding  pancreas  after  pancreatectomy  so  far  from 
diminishing  seemed  really  to  increase  the  glycosuria.  It  appeared  in 
1910-1911  that  if  the  pancreas  had  any  internal  secretion  it  did  not 
accumulate,  or  was  not  stored  in  the  gland  as  are. all  the  other  internal 
secretions  known,  and  investigators  began  to  turn  to  the  study  of  other 
possibilities  such  as  the  detoxication  theory,  believing  that  the  internal- 
secretion  theory  must  be  wrong.  Within  the  past  few  years,  however, 
more  favorable  results  have  been  obtained.  The  most  decisive  experi- 
ments are  those  of  Starling  and  Knowlton  made  with  an  acid  extract  of 
the  pancreas.  Their  results  in  the  following  figures  show  that  the  addi- 
tion of  a  neutralized  acid  decoction  of  the  pancreas  to  diabetic  blood 
which  is  being  perfused  through  the  heart  taken  from  a  depancreatized 
dog  causes  the  heart  to  beat  much  stronger  and  to  consume  glucose 
added  to  the  blood.  The  consumption  of  the  glucose  before  the  addition 
of  the  pancreas  extract  had  been  reduced  to  the  vanishing  point. 

Diabetic  Heabt  Fed  with  Diabetic  Blood. 

(Sugar  consumption  in  mg.  per  gram  heart  muscle  per  hour.) 

First  hour  with  Second  hour  after 

blood  alone  addition  of  pancreatic  extract 

1.5  4.3 

0.5  3.0 

0.5  2.8 

0.5  3.6 

The  normal  heart  of  the  dog  when  fed  on  normal  blood  under  these 
circumstances  consumes  per  hour  per  gram  of  heart  muscle  3.5-5  mgs. 
of  dextrose.  It  is  clear  from  these  experiments  that  the  diabetic  heart 
fed  with  diabetic  blood  has  lost  its  power  of  burning  glucose  to  a  very 
considerable  degree,  and  that  the  addition  of  the  pancreas  decoction 
has  restored  this  power. 

More  recent  experiments  have  indicated  that  the  respiratory  quotient 
of  the  diabetic  heart  is  not  usually  changed  by  the  addition  of  pan- 
creatic extract  as  one  would  expect  if  the  heart  really  had  acquired 
the  power  of  decomposing  glucose.  Moreover  both  alkalies  and  adren- 
aline are  said  to  have  an  equally  beneficial  effect.  It  was  not  shown  in ' 
the  experiments  that  the  glucose  had  been  actually  burned.     It  might 
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have  been  converted  to  glycogen.  In  view  of  these  considerations  it  is 
still  doubtful  whether  the  results  obtained  really  show  the  existence  of 
an  internal  secretion. 

These  experiments  and  others  indicate,  however,  that  normal  blood 
has  in  it  a  very  small  amount  of  a  substance  which  enables  glucose  to 
be  burned ;  this  substance  is  derived  from  the  pancreas.  It  is  its  internal 
secretion.  If  to  an  extract  of  muscle  juice  pancreatic  extract  is  added, 
Cohnheim  found  the  glycolytic  power  increased,  but  McGuigan  and 
others  have  been  unable  to  confirm  these  observations  and  Cohnheim 
himself  in  repeating  them  generally  had  negative  results.  Evidently 
some  accidental  circumstance  in  a  few  cases  caused  a  greater  disappear- 
ance of  the  sugar.  The  manner  in  which  the  extract  acts  is  quite  ob- 
scure. It  may  be  that  in  the  experiments  cited  the  muscle,  instead  of 
destroying  the  sugar,  may  have  converted  it  into  maltose.  The  internal 
secretion  might  act  by  changing  the  permeability  of  the  muscle  mem- 
branes or  by  combining  with  glucose,  acting  as  a  between  or  intermediate 
body  by  which  it  is  anchored  to  the  protoplasm ;  or  it  might  be  the  raw 
material  from  which  the  glycolytic  substance  of  the  muscle  is  made. 
Since  a  decomposition  of  the  sugar  almost  certainly  precedes  its  com- 
bustion, the  muscle  has  probably  lost  not  the  power  of  burning  the 
decomposition  products,  but  rather  the  power  of  decomposition  itself. 

The  internal  secretion  of  the  pancreas,  like  that  of  the  supra-renals, 
is  either  rapidly  eliminated  or  destroyed  in  the  blood.  It  may  possibly 
be  a  basic  body  very  unstable  in  a  free  form,  but  more  stable  as  a  salt. 
At  any  rate  blood  contains  no  great  amount  of  it  and  it  quickly  dis- 
appears when  the  pancreas  is  eliminated.  It  is  not  impossible  that  it 
is  normally  destroyed  or  eliminated  by  the  kidney,  as  is  adrenaline,  and 
one  of  the  causes  of  human  diabetes  may  be  that  the  destruction  or 
elimination  of  this  body  may  at  times  be  greater  than  its  rate  of  forma- 
tion, so  that'  a  partial  or  total  loss  of  combustive  power  ensues. 

This  internal  secretion  of  the  pancreas  plays  a  part  also  in  the  con- 
trol of  the  glycogenic  function  of  the  liver.  In  the  absence  of  the  pan- 
creas, although  the  blood  contains  two  to  three  times  its  normal  supply 
of  glucose,  the  liver  and  muscles  form  very  little  glycogen.  If,  however, 
the  liver  be  perfused  with  blood  containing  glucose,  or  if  glucose  is 
injected  directly  into  the  circulation,  it  stores  more  glycogen  if  at  the 
same  time  there  is  added  to  the  blood  an  extract  of  the  pancreas.  How 
this  extract  acts,  however,  is  still  quite  uncertain.  It  may  be  acting  on 
the  ends  of  the  sympathetic  nerves  reducing  or  counterbalancing  the 
action  of  adrenaline,  or  it  may  be  acting  directly  on  the  liver  cells  them- 
selves. It  wiU,  no  doubt,  seem  peculiar,  at  first  glance,  that  the  body 
'should  still  be  able  to  form  small  amounts  of  glycogen  even  when  the 
further  oxidation  of  glucose  is  impossible.    The  probable  reason  for  this 
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is  suggested  by  the  experiments  of  Lobry  de  Bruyn  and  also  of  Nef. 
For  the  complete  oxidation  of  the  glucose  molecule  a  more  extensive 
decomposition  of  the  molecule  is  necessary  than  for  the  synthesis  of  the 
monosaccharides  to  the  disaccharides.  For  the  latter  it  is  only  necessary 
to  produce  a  rearrangement  of  the  last  two  carbon  atoms  of  the  chain; 
for  the  decomposition  it  is  necessary  to  break  the  chain  also.  If,  for 
example,  sugars  are  put  into  very  weak  alkali,  such  as  milk  of  lime, 
synthesis  into  disaccharides  and  mutual  transformations  of  one  sugar 
into  another  occurs,  but  the  molecules  do  not  break  into  fragments ;  it  is 
only  in  the  presence  of  stronger  alkali  that  the  decomposition  of  the 
molecule  takes  place  (see  page  31).  The  diabetic  body,  then,  seems  able 
to  produce  the  easiest  transformation  of  the  carbohydrate,  namely,  that 
involved  in  the  transformation  of  one  kind  of  sugar  into  another,  levulose 
into  glucose,  for  example,  or  the  synthesis  of  the  monosaccharides  in  part 
to  glycogen,  although  it  has  lost  the  power  of  breaking  the  molecule  far 
enough  to  oxidize  it.  It  has  lost  also  most  of  the  glycogen-forming 
power.  The  result  of  this  may  be  that  all  dextrose  taken  in  the  food 
or  made  in  the  body,  is  at  once  eliminated  and  hence  cannot  be  held. 
It  may  also  be  that  dextrose  must  be  polymerized  before  it  can  be  burned. 
Recently  some  results  have  been  obtained  by  Dakin  which  may 
ultimately  throw  light  on  the  relation  of  the  pancreas  to  sugar  metab- 
olism. Dakin  has  found  that  nearly  all  tissues  of  the  body,  i.e.,  liver, 
thymus,  thyroid,  supra-renal,  pituitary,  kidney,  spleen,  heart  muscle, 
skeletal  muscle,  lung,  brain,  etc.,  contain  an  enzyme  known  as  "  glyoxa- 
lase."  This  enzyme  has  the  property  of  converting  a  simple  or  substi- 
tuted glyoxaldehyde  into  the  corresponding  glycoUic  acid. 

K.  CO.  CHO  +  H  O R.  CHOH.COOH 

Glyoxal.  GlycoUic  acid. 

It  is  a  very  suggestive  fact  that  the  pancreas  is  the  only  organ,  except 
the  lymph  glands,  which  lacks  this  enzyme,  and  in  the  pancreas  alone 
is  found  a  thermolabile  substance,  which  antagonizes  the  glyoxalase,  an 
antiglyoxalase.  This  antiglyoxalase  is  not  found  in  the  blood,  it  occurs 
in  small  amounts  in  the  external  secretion  of  the  pancreas  and  probably, 
Dakin  thinks,  may  be  secreted  internally.  "Whether  this  be  the  case  or 
no,  the  formation  of  antiglyoxalase  appears  to  be  a  specific  function 
of  the  pancreas.  (Another  very  interesting  fact  is  that  these  glyoxals 
will  be  transformed  into  amino,  as  well  as  hydroxy-acids,  when  perfused 
through  the  liver  (Dakin  and  Dudley)).  While  the  relation  of  these 
results  to  the  carbohydrate  metabolism  is  still  obscure,  we  have  at  any 
rate  for  the  first  time  a  specific  chemical  property  of  the  pancreas  ob- 
viously closely  related  to  carbohydrate  metabolism. 

Internal  secretion.    Where  produced  in  the  pancreas.    There  are  at 
least  two  distinct  kinds  of  cells  in  nearly  all  glands,  namely,  the  secret- 
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ing  cells  of  the  acini  and  the  cells  of  the  ducts.  These  cells  evidently 
differ  in  their  chemical  nature  and  their  physiological  function,  but 
practically  nothing  is  known  in  any  gland  of  the  functions  of  the  duct 
tissue  beyond  its  function  of  conducting  the  secretion.  "We  do  not 
know  in  the  pancreas  whether  all  the  digestive  enzymes  are  secreted  by 
the  acinary  cells  or  whether  some  are  secreted  by  the  duct  cells.  It  is 
known  that  the  secretion  obtained  by  the  injection  of  acid  in  the  duo- 
denum often  differs  markedly  in  composition  from  that  produced  by 
secretin ;  but  whether  these  two  come  from  the  same  or  different  tissues 


Fia.  63. — Islets  of  Langerhans  In  the  guinea-pig  pancreas.  The  Islets  are  the  dark 
cell  masses  attached  to  the  ductules  which  crow  out  of  the  larger  ducts.  The  aclnarj 
tissue  has  degenerated  as  a  result  of  blocking  the  ducts  (Bensley). 

of  the  gland  is  unknown.  There  have  also  been  described  in  the  pancreas 
small  clumps,  or  groups  of  cells  which  differ  in  their  staining  reactions 
and  appearance  from  the  acinary  cells,  but  are  in  connection  with  the 
ducts.  These  are  known  as  the  Islets  of  Langerhans.  Until  very  re- 
cently no  methods  were  known  for  the  certain  identification  of  islet 
tissue,  but  not  long  ago  Bensley  found  that  in  the  guinea  pig  they 
stain  more  readily  in  neutral  red,  injected  intra  vitam,  than  do  the 
acinary  cells.  Here  and  there,  however,  outside  the  islets  proper,  similar 
cells  are  to  be  seen.  According  to  Bensley  ligation  of  the  duct  of  the 
pancreas  in  the  guinea  pig  leads  to  the  destruction  of  the  acinary  tissue, 
while  the  much  branching  duct  tissue  with  the  islets  as  masses  of  duct 
cells  at  the  extremities  of  the  outgrowths  of  the  ducts  remain.  See 
Figure  63. 

It  was  Bernard  who  first  succeeded  in  showing  the  difference  in 
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reaction  and  function  of  the  duct  and  the  acinary  cells.  He  found  in 
dogs  that  injection  of  the  ducts  with  a  fat  of  high  melting  point,  solid 
at  the  temperature  of  the  body,  produced  a  complete  atrophy  of  the 
acinary  cells,  whereas  the  duets  remained  intact,  ' '  like  a  tree  which  had 
lost  its  leaves."  If  such  dogs  developed  diabetes  Bernard  did  not 
observe  it.  If  they  did  not,  this  experiment  shows  very  clearly  thai;  duct 
tissue  alone  is  sufficient  to  preserve  the  life  of  the  animal  in  the  absence 
of  the  acinary  cells. 

Some  years  ago  Opie  reported  that  in  many  cases  of  diabetes  lesions 
were  apparent  only  in  the  islands  of  Langerhans.  He,  accordingly,  sug- 
gested that  the  internal  secretion  of  the  pancreas  was  due  to  the  islets 
and  not  to  the  acinary  cells.  Unfortunately  for  this  theory  many  cases 
of  diabetes  show  lesions  in  neither  tissue.  The  opinion  has,  however, 
become  widespread  that  the  internal  secretion  is  due  exclusively  to  the 
islets.  The  evidence  for  this  is  still  very  doubtful.  Both  in  Bensley's 
guinea  pigs  and  in  Bernard's  dogs  there  is  no  suggestion  of  diabetes. 
This  does  not  show  that  the  acinary  cells  form  no  internal  secretion,  but 
only  that  the  duct  tissue,  including  the  islets,  is  alone  sufficient  to  main- 
tain life.  Possibly  both  tissues  form  the  secretion.  The  contrary  ex- 
periment of  the  destruction  of  the  duct  and  the  survival  of  the  acinary 
tissue  has  not  been,  and  seemingly  cannot  be,  tried.  We  cannot  at 
present  say,  therefore,  whether  the  internal  secretion  of  the  pancreas  is 
due  to  the  duct  cells  and  the  islet  tissue  alone,  or  whether  the  acinary 
tissue  also  contributes  to  it.  The  categorical  statement  often  seen  in 
text-books  and  papers  that  the  internal  secretion  is  supplied  by  the 
cells  of  Langerhans  is  entirely  unjustified. 

Cause  of  diabetes.  Finally  what  is  the  cause  of  diabetes  in  human 
beings?  Nothing  is  known  of  this  whatsoever.  The  facts  just  stated 
lead  pathologists  generally  to  attribute  the  disease  often  to  a  lesion  in 
the  islets  of  Langerhans  in  the  pancreas.  Whether  all  diabetes  have  this 
origin  is  not  certain.  Nothing  is  known  of  the  cause  of  the  lesion  if  any 
such  exists.  Whether  it  is  due  to  the  absorption  of  a  poison  from  the 
intestine,  as  some  have  thought,  or  whether  it  is  due  to  a  bacterium  or 
other  parasite,  has  been  very  little  investigated  and  so  far  without  result. 
Attention  has  been  focused  entirely  on  the  symptoms  of  disturbed  metab- 
olism which  accompany  this  disease,  rather  than  on  a  search  for  the 
real  cause.  The  fact  that  diabetics  generally  show  such  a  lowered  resist- 
ance to  the  attacks  of  the  streptococci  of  blood  poisoning  arouses  the  sus- 
picion that  the  trouble  might  be  due  to  an  infection  of  the  islets  by 
this  organism  which  thus  produces  diabetes,  just  as  it  produces  inflam- 
mation of  the  valves  of  the  heart  when  it  strikes  them,  or  of  the  kid- 
neys when  it  is  located  in  those  organs.  Perhaps  a  strain  of  this  pro- 
tean organism  will  be  found  which  will  act  on,  or  show  a  specific  affinity 
for,  the  islets.    At  any  rate  the  search  for  the  cause  of  this  disease, 
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rather  tlian  a  search  for  a  method  of  alleviating  its  symptoms,  would 
appear  to  be  the  part  of  wisdom. 

Summary  of  the  role  of  the  liver  in  carbdhydirate  metabolism.  We 
may  now  summarize  the  role  of  the  liver  in  carbohydrate  metabolism  of 
the  body.  Carbohydrate  food  after  digestion  finds  its  way  into  the 
blood,  where  it  is  to  be  found  in  small  amounts :  0.1-0.3  per  cent,  in  the 
blood  of  the  portal  vein.  The  sugar  thus  circulating  in  the  blood  is  free. 
It  is  diffusible  and  may  be  removed  from  the  blood  by  the  process  of 
vividiffusion.  The  portal  blood  at  the  same  time  carries,  also,  any 
metabolic  products  or  internal  secretions  of  the  spleen,  pancreas,  and 
intestine.  Brought  thus  to  the  liver,  this  organ  during  digestion,  when 
it  is  supplied  with  much  oxygen,  picks  out  from  the  blood  some  of  the 
glucose,  levulose  and  galactose  passing  through  it  and  converts  these 
into  a  colloidal  polysaccharide,  glycogen,  which  is  laid  down  in  such 
quantities  in  the  liver  tissue  that  on  a  rich  carbohydrate  diet  the  liver 
may  contain  12-15  per  cent,  of  glycogen. 

The  liver  acts,  thus,  in  the  first  instance,  as  a  storehouse,  or  reserve 
depot  of  carbohydrates,  in  which  surplus  carbohydrate  is  stored  until 
it  is  needed  by  the  other  tissues.  It  functions,  then,  in  this  particular 
like  the  fat  tissue  which  stores  superfluous  fat  and  like  the  muscles 
which  store  glycogen. 

Between  meals,  on  the  other  hand,  when  no  glucose  is  arriving  from 
the  intestine,  this  stored  glycogen  is  called  upon  and  more  or  less  com- 
pletely consumed;  the  liver  of  a  fasting  animal  containing  much  less 
glycogen  than  that  of  a  well-fed  animal. 

This  conversion  of  glucose  into  glycogen  and  of  glycogen  into  glu- 
cose depends  on  various  factors.  If  the  glucose  in  the  blood  surpasses 
0.1  per  cent.,  if  the  liver  is  well  supplied  with  oxygenated  blood,  and 
with  the  internal  secretion  of  the  pancreas,  the  conversion  of  glucose 
to  glycogen  is  at  least  as  rapid  as  that  of  glycogen  to  glucose  and  no 
diminution  of  glycogen  occurs.  If,  however,  the  content  of  glucose  in 
the  blood  coming  to  the  liver  falls  below  0.1  per  cent.,  or  if  oxygen 
supply  is  reduced ;  or  if  impulses  come  into  the  liver  over  the  splanchnic 
nerves;  and  particularly  if  there  is  at  the  same  time  an  abundance  of 
adrenaline  in  the  blood  due  to  the  excitation  of  the  supra-renal  glands 
by  the  splanchnic  nerves  following  emotional  or  other  excitement,  then 
glycogen  is  converted  into  glucose  and  this  will  take  place  even  though 
the  amount  of  glucose  in  the  blood  is  already  above  the  normal  and 
as  much  as  0.2-0.3  per  cent.  It  is  uncertain  how  this  glycogen  is 
converted  into  glucose,  but  it  is  probably  due  to  an  endocellular 
glycogenase.  Whether  stimulation  of  the  nerve  causes  an  increase  of 
glycogenolysis,  or  a  decrease  of  conversion  of  glucose  to  glycogen,  it  is 
as  yet  impossible  to  say,  but  it  is  possible  that  normally  nerve  stimula- 
tipn  is  re-eni'orced  by  thts  concomitant  stimulation  of  the  supra-renals, 
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causing  them  to  throw  into  the  blood  an  increased  amount  of  adrenaline. 
There  is  no  evidence  of  the  setting  free  of  glycogenase  during  the  stimu- 
lation. The  experiments  of  Stewart  have  also  aroused  doubt  that 
adrenaline  is. playing  a  role  in  glycogenolysis. 

The  liver  is  not  the  only  storehouse  of  glycogen.  The  muscles  con- 
tain an  amount  little,  if  any,  less  than  that  of  the  liver,  and  even  in 
the  absence  of  the  glycogenic  function  of  the  liver,  as,  for  example, 
when  an  Eck  fistula  is  made,  the  eating  of  carbohydrate  food  seems  no 
more  liable  than  usual  to  produce  glucosuria,  nor  does  there  seem  to 
be  any  reduction  in  the  sugar  tolerance  of  the  organism.  This  fact 
has  not  yet  been  explained,  but  it  is  probably  to  be  ascribed  to  two  or 
three  circumstances.  One  is  the  storage  power  of  the  muscles;  another 
is  that  possibly  the  liver,  after  the  Eck  fistula  is  made  when  its  cells 
are  greatly  altered  in  their  appearance  and  size  and  probably  in  func- 
tion, is  no  longer  able  to  form  glucose  from  protein  so  that  the  pro- 
duction of  glucose  in  the  animal  itself  is  reduced ;  and  finally  the  nutri- 
tion of  animals  with  the  Eck  fistula  is  often  poor  and  possibly  there  is 
less  complete  absorption  of  carbohydrate  and  other  foods. 

But  the  liver  is  not  only  a  magazine  of  carbohydrate;  it  is  also  a 
factory  where  proteins,  amino-acids,  glycerol,  lactic  and  pyruvic  acids, 
dioxyacetone  and  other  substances  are  converted  into  dextrose.  Many, 
if  not  all,  of  these  syntheses  involve  oxidations  and  for  their  accom- 
plishment the  liver  must  have  a  supply  of  oxygenated  blood.  In  some 
of  these  syntheses  ammonia  is  split  off  and  replaced  by  oxygen.  This 
ammonia  serves  a  double  purpose:  in  part  by  its  alkalinity  it  reduces 
acidity  and  hence  checks  glycogenolysis ;  in  part  it  is  changed  to  urea,  a 
substance  of  importance  in  the  maintenance  of  the  activity  of  other 
organs ;  i.e.,  the  heart.  By  this  synthetic  power  of  the  liver  not  only  is 
the  body  able  to  form  dextrose  from  protein  and  other  foods,  being  able 
indeed  to  live  on  protein  alone,  but  many  of  the  partially  oxidized 
metabolic  products  of  other  tissues,  such  as  lactic  acid,  are  saved  and 
resynthesized  into  glucose  to  be  used  over  again.  The  liver  in  this  re- 
spect works  over  waste  products. 

Finally  the  liver  is  not  only  a  producer  and  storer  of  dextrose ;  it  is 
also  a  consumer.  Like  all  cells  and  tissues  of  the  body  it  has  the  power 
of  consuming  carbohydrate.  It  respires  and  burns  some  of  this  car- 
bohydrate, though  how  much  it  is  impossible  to  say.  Not  all  pyruvic 
aldehyde  or  acid  is  converted  into  dextrose,  but  a  part  at  least  is  oxi- 
dized, burned  to  carbon  dioxide  and  water ;  a  part  may,  by  reduction,  be 
reunited  with  ammonia  to  form  some  of  the  simpler  amino-acids,  so 
that  the  reverse  process  of  protein  synthesis  can  also  occur.  In  the 
bird's  liver  some  of  the  products  of  carbohydrate  destruction  are  used 
in  synthesizing  uric  acid ;  and  in  the  mammalian  liver  we  have  a  forma- 
tion of  glycuronic  acid  so  important  as  a  means  of  neutralizing  poison* 
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No  doubt,  also,  a  ready  transformation  to  fat  occurs.  But  we  have  as 
yet  a  most  imperfect  picture  of  the  chemical  transformations  occurring 
in  this  most  important  glandular  organ. 

But  while  we  picture  the  liver  as  acting  thus  as  a  storehouse  for 
glycogen  with  which  it  parts  when  glycogen  is  needed  by  the  other 
tissues,  there  are  reasons  which  make  it  probable  that  glycogen  is  stored 
in  the  liver  primarily  for  the  benefit  of  the  liver  itself.  Glucose  has  a 
very  particular  relationship  to  anaerobic  respiration.  It  is  already  par- 
tially oxidized  and  it  can  furnish  energy  for  various  decompositions  and 
activities  of  the  body,  being  itself  reduced  to  alcohols  and  fatty  acids 
at  the  same  time.  All  tissues  live  very  much  longer  without  oxygen,  if 
they  are  supplied  with  glucose.  The  liver  is  peculiar  in  that  it  must 
carry  on  its  activities  while  its  blood  supply  is  very  largely  venous  in 
character.  It  must  be  always  nearer  asphyxia  than  most  of  the  tissues 
of  the  body.  There  can  hardly  be  a  doubt  that  the  primary  object  of 
this  stored  supply  of  glycogen  in  the  liver  is  to  enable  the  liver  to  func- 
tion properly  in  the  presence  of  very  little  oxygen.  It  is  found,  indeed, 
that  the  liver  in  the  absence  of  glycogen  is  far  more  liable  to  necrosis 
than  when  it  is  present.  Particularly  in  chloroform  anesthesia  such 
necrosis  is  apt  to  occur  and  it  shows  itself  first  in  the  center  of  the 
lobules  where,  presumably,  the  oxygen  need  is  greatest  (Graham). 
This  necrosis  is  very  much  less  apt  to  occur  if  an  animal  has  been  well 
fed  on  carbohydrate  before  being  anesthetized.  It  is  possible  that  the 
giving  to  patients  about  to  undergo  operation  considerable  amounts  of 
carbohydrate  so  as  to  load  the  carbohydrate  reservoirs  of  the  body  would 
be  a  wise  precaution,  provided  other  unlooked-for  results  do  not  de- 
velop. If  glycogen  is  discharged  from  the  liver  by  adrenaline,  central 
necrosis  also  occurs.  (Figure  61,  page  673.)  The  liver  then  stores 
glycogen  not  only  that  that  glycogen  may  later  be  available  for  the 
other  tissues  of  the  body,  but  probably  because  glycogen  is  very  neces- 
sary to  its  own  safety  in  time  of  stress  and  oxygen  want. 

The  further  fate  of  glucose.  The  liver  supplies  glucose  to  the  blood. 
What  then  is  the  ultimate  fate  of  this  glucose  ?  The  tissues  which  con- 
sume most  of  the  carbohydrates  are  undoubtedly  the  muscles,-  because  of 
their  bulk;  if  for  no  other  reason,  this  would  be  the  case.  They  make 
about  50  per  cent,  of  the  weight  of  the  body.  They  are  always  in 
activity  and  they  produce  much  heat.  The  muscles  contain  a  consider- 
able quantity  of  glycogen.  Indeed  the  glycogen  may  persist  in  the 
muscles  after  it  has  disappeared  from  the  liver.  That  glycogen  disap- 
pears from  a  muscle,  or  is  consumed  during  muscle  contraction,  is  shown 
by  the  determination  of  the  glycogen  content  of  muscle  before  and 
after  prolonged  tetanus,  as  shown  by  the  figures  on  page  622. 

Moreover  that  some  Eon-nitroffenons  substance  furnishes  the  energy 
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for  muscular  work  is  shown  by  the  fact  that  physical  work  does  not 
increase  the  nitrogen  outgo  of  the  body,  but  only  that  of  carbon  dioxide 
and  water.  "We  may,  therefore,  conclude  that  the  sugar  thus  circulating 
in  the  blood  is  picked  out  by  the  muscles,  which  store  it  as  glycogen, 
depositing  it  in  their  tissue,  and  that  it  is  oxidized  to  carbon  dioxide  and 
water  or  to  lactic  acid  during  muscle  work.  The  muscles  are  the  great, 
carbohydrate-consuming  tissues  of  the  body. 

The  question  now  arises  concerning  the  consumption  of  dextrose  by 
the  muscle.  How  is  th^  sugar  consumed?  Is  it  oxidized  directly  as 
glucose?  Or  is  it  decomposed  first  into  simpler  substances  which  then 
undergo  oxidation!  Or  must  it  be  synthesized  into  a  more  complex 
carbohydrate?  Do  the  muscles  bum  glucose  by  themselves  or  do 
they  need  the  assistance  of  other  tissues  or  glandular  organs?  Does  this 
power  of  destruction  depend  on  the  vitality,  structural  integrity  of  the 
muscle,  or  does  it  occur  also  in  hashed  muscle  ?  Is  it  due  to  an  enzyme 
which  is  found  in  the  muscle,  or  is  it  a  vital  process,  that  is  one  involving 
the  structural  integrity  of  the  cell  ?  Is  the  glucose  burned  in  the  muscle 
sap  or  must  it  first  be  broken  and  then  built  into  the  living  tissue  itself  ? 
How  are  we  to  explain  the  explosive  decomposition  which  occurs  when 
a  nerve  impulse  sets  up  a  muscular  contraction  ?  These  and  many  other 
questions  press  at  once  for  solution,  but  to  only  a  few  of  them  can 
we  give  a  complete  answer. 

Conditions  of  sugar  burning  m  muscle.  The  same  factors  which  are 
active  in  the  sugar  metabolism  of  the  liver  play  a  role  here  in  the 
metabolism  of  muscle.  We  may  consider  first  the  question  whether 
the  muscle  is  able  by  itself  to  burn  sugar  brought  to  it  from  the  exterior, 
or  only  when  it  is  assisted  by  the  co-operation  of  other  organs.  To  this 
question  a  definite  answer  may  be  given.  The  muscle  cannot  utilize 
extrinsic  glucose  as  food  and  as  a  source  of  energy  except  in  the  pres- 
ence of  the  pancreas.  If  the  pancreas  be  completely  extirpated  in  any 
vertebrate  so  far  studied,  the  power  of  consuming  glucose  is  com- 
pletely lost  by  all  the  tissues  of  the  body.  If  a  portion  of  the  gland  be 
left  in  the  body,  the  power  of  sugar  consumption  persists  more  or 
less  completely.  If  glucose  or  glucose-producing  food  is  given  to  a  de- 
pancreatized  animal  it  appears  in  the  urine  practically  quantitatively. 

But  after  pancreatectomy  not  only  is  ingested  glucose  completely 
eliminated,  but  also  all  that  glucose  normally  produced  in  the  body  from 
protein  is  excreted  also.  It  thus  happens  that  even  on  a  carbohydrate- 
free  diet  the  excretion  of  glucose  continues.  It  is  as  if  the  body  were 
turning  to  sugar. 

There  are  two  aspects  of  this  failure  of  the  muscles  and  other  tissues 
of  the  body  to  burn  carbohydrate  in  the  absence  of  the  pancreas,  which 
are  truly  remarkable.  The  power  of  burning  carbohydrate  and  in 
particular  the  power  of  burning  or  fermenting  glucose  is  practically 
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universal.  All  kinds  of  plants,  probably  all  plants,  including  the  bac- 
teria, have  this  power.  Glucose  is  found  in  all  the  invertebrates  in  one 
form  or  another.  Now  it  certainly  is  an  almost  incredible  fact  that  this 
fundamental  property  of  living  matter  should,  in  the  vertebrate  organ- 
ism, be  so  completely  lost,  that  no  glucose  at  all  should  be  burned  in  the 
absence  of  the  pancreas.  That  the  organs  should  have  come  to  lean  on 
the  assistance  of  the  pancreas  would  not  be  surprising,  but  that  they 
should  have  totally  lost  one  of  the  most  fundamental  properties  of 
living  matter  so  that  they  can  only  exist  in  the  presence  of  the  pancreas 
is  so  astounding  as  to  arouse  the  greatest  siispicion  of  the  truth  of 
the  conclusion.  It  appears  from  the  facts,  however,  that  there  is  no 
escape  from  this  conclusion,  however  unlikely  it  may  appear. 

The  other  aspect  of  the  affair  which  is  of  great  interest  is  this. 
Sugar  is  constantly  being  made  in  the  diabetic  organism.  Indeed,  the 
power  of  sugar  formation  is  certainly  not  diminished  and  many  have 
thought  that  it  is  stimulated  in  the  diabetic  organism.  This  glucose  may 
be  made  out  of  all  the  substances  from  which  it  is  made  in  the  normal 
organism,  from  alanine  and  other  amino-acids,  from  glycolaldehyde  and 
other  very  simple  substances.  Now  if  the  failure  to  burn  dextrose  is 
due  to  the  fact  that  the  molecule  can  no  longer  be  fragmented,  as  is 
assumed  by  some  investigators,  then  we  should  expect  the  fragments 
to  burn  as  well  as  ever  if  these  fragments  were  fed.  No  one  has  been 
able  to  discover  any  such  fragments  of  the  dextrose  molecule,  which 
can  be  burned  by  the  diabetic  organism  when  the  power  of  burning 
glucose  is  lost.  Of  course  there  may  be  fragments  which  are  normally 
burned  and  which  will  be  found  in  the  future.  But  it  certainly  is  sin- 
gular that  all  the  search  for  such  combustible  fragments  is  still  unsuc- 
cessful in  spite  of  the  considerable  number  which  have  been  tried. 
Furthermore  it  is  clear  that  if  the  hypothesis  is  correct  that  the  failure 
of  the  tissues  to  burn  the  molecule  is  due  to  the  fact  that  the  pre- 
liminary fragmentation  is  wanting,  these  combustible  fragments  cannot 
be  any  of  those  from  which  the  carbohydrates  are  formed.  In  other 
words,  the  molecule  must  break  down  in  its  fragmentation  into  sub- 
stances of  another  kind  than  are  used  in  the  synthesis.  For  example, 
since  the  diabetic  organism  will  carry  lactic  acid  into  sugar  and  not 
burn  it,  it  is  clear  that  the  combustive  decomposition  of  the  carbohy- 
drates is  not  through  lactic  acid,  if  the  theory  as  to  the  reason  of 
non-combustion  is  correct.  It  might  perhaps  be  worth  while  to  re- 
examine with  great  care  the  evidence  upon  which  the  conclusion  is  based 
that  no  sugar  is  burned  in  the  diabetic  organism  to  see  whether  this 
view  is  correct.  It  might  be  that  the  sugar  formation  was  stimulated 
to  such  an  extent  that  all  that  could  be  burned  was  being  burned.  Any 
excess  accordingly  appears  in  the  urine.    In  other  words,  perhaps  the 
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sugar-burning  powers  of  the  body  of  the  diabetic  are  already  at  a 
maximum  without  the  introduction  of  glucogenetic  foods  from  the  ex- 
terior. The  power  of  glucose  storage  is  certainly  greatly  reduced,  and 
perhaps  this  stimulates  glucose  production. 

D:N  ratio.  If  the  carbohydrate  is  withdrawn  as  completely  as 
possible  from  a  depancreatized  animal  or  from  a  diabetic  individual, 
dextrose  continues  to  be  secreted  in  the  urine.  This  dextrose,  since 
it  has  not  come  from  carbohydrate  food,  must  have  been  made  in  the 
body  itself,  and  since  its  amount  rises  with  the  protein  and  not  with  a 
rise  in  the  fat  intake,  it  must  be  derived  from  protein  food.  How  ex- 
tensive this  manufacture  of  glucose  from  protein  may  be  is  illustrated  by 
experiments  by  Minkowski  and  Lusk.  If  the  protein  was  split  quanti- 
tatively into  glucose  and  urea  there  should  be  obtained,  since  100  grams 
of  protein  contains  50  grams  of  carbon  and  16  of  nitrogen,  about  175 
grams  of  glucose.  Not  all  of  the  protein,  however,  is  converted  into 
glucose.  Some  of  it  appears  as  acetone,  diaeetie  acid,  and  other  decom- 
position products.  Some  is  burned  to  carbon  dioxide  and  water  so  that 
actually  the  maximum  amount  which  can  be  made  into  glucose  in  a 
dog's  body  in  a  condition  of  complete  glucose  intolerance  is  60  grams. 
"We  have,  then,  since  100  grams  of  protein  yield  roughly  16  grams  of 
'  nitrogen  in  the  urine,  a  ratio  of  D :  N,  dextrose  to  nitrogen,  of  60 :  16=: 
3.7.  Higher  ratios  than  this  may  easily  be  obtained  on  feeding  food 
containing  carbohydrates,  but  on  a  strictly  protein  and  fat  diet  in  a 
condition  where  glucose  cannot  be  utilized  at  all,  this  ratio  has  been 
obtained  by  von  Mering  and  Minkowski  in  depancreatized  dogs,  in 
diabetic  human  beings,  and  in  dogs  made  completely  sugar-intolerant  by 
phlorhizin  by  Lusk.  In  an  experiment  by  Reilly,  Nolan  and  Lusk  a 
fasting  phlorhizinized  dog  was  given  500  grams  of  meat  without  altering 
the  D :  N  ratio.    The  figures  are  for  the  urine  of  12-hour  periods. 

Dextrose—  Nitrogen—  D :  N 

grams  gramB 

Fasting    23.87  7.0  3.41 

500  grams  meat 49.59  14.0  3.54 

Fasting    25.36  7.1  3.56 

This  D :  N  ratio  of  3.3-3.7  Lusk  calls  the  fatal  ratio,  since  its  appearance 
in  human  diabetics  when  on  a  strictly  carbohydrate-free  diet  means 
that  none  of  the  sugar  can  be  consumed. 

From  the  foregoing  experiments  it  appears  that  at  a  maximum  60 
grams  of  glucose  may  be  made  from  100  grams  of  protein.  Several 
questions  at  once  arise  concerning  this  point.  In  the  combustion  of 
proteins  in  the  body  does  it  always  happen  that  60  per  cent,  are  con- 
verted into  glucose  and  are  burned  in  that  form  ?  Or  are  we  to  assume 
that  in  the  condition  of  carbohydrate  starvation  prevailing  in  dia- 
betes, the  process  of  manufacture  of  glucose  from  proteins  is  greatly 
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stimulated  in  an  endeavor  to  adjust  the  disturbed  metabolism  of  the 
body  and  to  refill  the  depleted  carbohydrate  reservoirs?  There  is  not 
at  present  any  way  of  deciding  this  question,  but  many  facts  indicate, 
as  we  shall  see  in  studying  protein  metabolism,  that  certainly  a  very 
considerable  part  of  the  protein  is  normally  made  into  dextrose. 

Decomposition  of  'sugar  in  the  muscle.  Fermentation.  One  of  the 
most  important  questions  in  the  combustion  of  sugar  in  the  muscle  is 
whether  the  dextrose  is  burned  as  such  or  is  first  decomposed  into 
various  splitting  products  which  then  are  oxidized.  Some  light  may 
be  thrown  on  this  question  by  a  study  of  the  spontaneous  oxidation  of 
glucose.  In  discussing  the  chemistry  of  the  carbohydrates  it  was  shown 
that  oxidation  did  not  occur  directly  but  in  large  measure  indirectly, 
the  glucose  molecule  breaking  up  in  alkaline  solution  and  the  particles 
thus  produced  then  either  oxidizing  themselves  spontaneously,  or  if  suffi- 
cient oxygen  was  not  present,  the  particles  oxidized  and  reduced  each 
other,  or  else  condensed  to  form  various  other  products.  There  are 
many  indications  that  dextrose  is  not  burned  as  such  in  the  body,  but 
by  the  action  of  the  protoplasm  decomposes,  much  as  it  does  in  alkali,  to 
form  various  decomposition  products  which  either  oxidize  if  oxygen  is 
present,  or  are  reduced  or  condense  to  form  fats  or  other  metabolic 
products.  The  processes  may  very  possibly  be  similar  to  the  alcoholic 
fermentation  of  glucose.  This  decomposition  tskes  place  in  the  absence 
of  oxygen,  very  little  energy  being  set  free ;  by  the  subsequent  oxidation 
of  alcohol  energy  is  obtained.  The  exact  nature  of  this  alcoholic  de- 
composition is  not  clear,  but  it  may  pass  through  glyceric  aldehyde. 
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As  a  matter  of  fact  muscle  and  other  tissues  are  able  to  burn  alcohol 
readily  and  alcohol  is  found  in  small  amounts  in  normal  tissue;  it  is, 
however,  very  unlikely  that  in  the  combustion  of  glucose  in  animals 
alcohol  is  an  intermediate  product,  since  its  toxic  actions  are  too  intense. 
The  exact  course  of  the  destruction  of  the  glucose  in  muscle  is  still 
entirely  unknown. 

The  liver  and  the  muscles  are  not  the  only  tissues  which  need  and 
consume  dextrose,  although  they  are  by  far  the  largest.     The  heart, 
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the  intestine,  both  support  their  movements  by  burning  dextrose.  Thus 
the  addition  of  glucose  to  an  artificial  circulating  fluid  like  that  of  Locke 
or  Ringer  or  Tyrode  restores  or  quickens  their  contractions. 

Altogether  aside  from  muscle  tissue,  however,  there  can  be  no  doubt 
that  the  metabolism  of  other  organs  also  requires  dextrose  and  in  its 
absence  other  sources  of  raw  materials  for  energy  and  substance  must  be 
found.  Particularly  the  relation  of  the  kidneys  to  sugar  metabolism 
needs  careful  investigation.  There  can  be  little  doubt  that  the  kidneys 
must  have  some  sort  of  an  affinity  for  glucose  to  enable  them  to  secrete 
it  from  the  blood  to  the  urine,  where  at  times  it  is  in  a  much  higher 
concentration.  This  power  is  greatly  stimulated  by  phlorhizin ;  it  seems 
also  to  be  reduced  in  pancreatic  and  human  diabetes,  since  the  kidneys 
are  no  longer  able  to  prevent  an  accumulation  of  sugar  in  the  blood  and 
a  hyperglycemia.  It  is,  of  course,  possible  that  the  kidney  is  only 
able  under  the  best  of  circumstances  to  secrete  a  certain  amount  of  glu- 
cose, and  that  the  hyperglycemia  means  that  the  kidneys  are  overwhelmed 
and  unable  to  reduce  the  blood  sugar  to  its  normal  level. 

Phlorhizin  diabetes. — Hitherto  we  have  considered  two  experimental 
methods  for  producing  glycosuria  and  more  or  less  serious  disturbances 
of  carbohydrate  metabolism.  A  third  method  was  discovered  by  von 
Mering  and  has  been  particularly  developed  by  Lusk.  This  method 
consists  in  the  injection  of  the  drug  phlorhizin.  Phlorhizin,  a  glucoside 
derived  from  the  bark  of  the  roots  of  the  plum,  apple,  cherry  and  pear 
trees,  as  the  name  signifies  (Gr.  phloios,  bark;  rhiza,  root),  has  the  re- 
markable property  of  inducing  glycosuria  which  is  not  accompanied  by 
a  hyperglycemia,  but  rather  by  a  hypoglycemia.  The  method  of 
employing  the  drug  as  developed  by  Lusk  is  by  subcutaneous  injection 
of  2  grams  per  day,  one  gram  twice  a  day  dissolved  in  a  little  NajCOj. 
Another  method  of  injecting  1  gram  suspended  in  7  e.c.  olive  oil  is  also 
used.  The  drug  thus  given,  or  when  given  in  large  doses  by  the  mouth, 
causes  a  very  great  glycosuria,  and  if  the  injections  are  continued  the 
usual  symptoms  of  severe  mellituria  follow,  namely,  besides  the 
polyuria,  muscular  weakness,  acidosis,  acetonuria  and  death  in  coma. 
If,  however,  the  injections  are  stopped  the  animal  recovers.  The  glyco- 
suria is  accompanied  by  a  hypoglycemia.  The  dextrose  content  of  the 
blood  falls  from  0.12-0.08  per  cent.  Nevertheless  the  kidneys  continue 
to  excrete  glucose.  The  action  of  the  drug  appears  to  be,  therefore, 
primarily  on  the  kidney,  causing  it  to  secrete  glucose  more  rapidly  than 
usual  and  hence  to  keep  the  level  of  the  dextrose  in  the  body  below 
the  normal.  As  a  result  of  this  impoverishment  of  the  blood,  the  liver 
and  the  muscles  not  in  activity  give  up  glucose  to  the  blood  in  order 
to  supply  that  organ  (the  kidney)  whose  consumption  has  thus  re- 
duced the  whole  supply.    But  as  this  happens  to  be  the  kidney,  the 
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result  is  simply  like  pouring  water  into  a  sieve.  The  dextrose  is 
drained  out  of  the  body. 

That  phlorhizin  thus  acts  on  the  kidney  cells  primarily,  though  not 
exclusively,  is  shown  by  an  experiment  of  Levene.  An  anesthetized  dog 
had  cannulas  in  each  ureter.  Into  the  kidney  artery  of  one  side  was  then 
injected  a  small  dose  of  phlorhizin.  This  kidney  secreted  glucose  at 
once  and  the  first  appearance  of  glucose  in  the  other  kidney  did  not 
take  place  for  two  minutes  later. 

The  drug  causes  also  marked  degenerative  changes  in  the  kidney 
epithelium  leading  ultimately  to  its  complete  destruction.  It  is  some- 
times stated  that  phlorhizin  increases  the  permeability  of  the  kidney 
epithelium  to  sugar,  as  if  the  kidney  acted  as  a  filter  which  normally 
held  back  the  glucose  and  by  the  action  of  the  drug  was  made  more 
permeable  so  that  glucose  went  through.  While  this  may  be  the  means 
of  its  action  it  seems  more  probable  that  the  secretion  of  glucose  is  an 
active  process  and  that  this  process  is  in  some  way  stimulated  by  the 
phlorhizin.  It  is  indeed  probable  that  not  only  does  phlorhizin  in- 
crease the  secretion  of  glucose  by  the  kidney,  but  under  its  action  glu- 
cose appears  also  in  the  bile.  The  secretion  of  urea  is  also  increased 
directly  or  indirectly  by  the  phlorhizin.  The  nitrogen  output  of  fasting 
dogs  is  increased  3-5  times  by  a  dose  of  phlorhizin.  It  has  also  been  sug- 
gested that  the  glucose  is  in  combination  with  some  of  the  colloids  of 
the  blood  and  that  the  kidney  under  the  action  of  the  drug  is  able  to 
make  the  glucose  free,  which  now  escapes  and  is  excreted.  The  evi- 
dence for  this  is,  however,  extremely  meager.  It  has  been  shown  that 
the  sugar  in  the  blood  is  capable  of  diffusing  by  the  method  of  vividiflfu- 
sion  and  that  its  concentration  in  the  dialysate  is  about  that  calculated 
to  be  in  the  blood.  It  is  extremely  hard  to  see  why  even  if  glucose  is  set 
free  from  such  a  hypothetical  colloidal  union,  it  should  diffuse  from  a 
region  where  it  is  present  in  only  0.08  per  cent,  to  one  in  which  it  is 
present  to  the  extent  of  2  per  cent.  Any  such  a  concentration  as  this  by 
a  reabsorption  of  water  by  the  contorted  tubes  of  the  kidney  would  be 
impossible.  In  any  case  the  secretion  of  the  glucose  must  be  an  active 
process  quite  analogous  to  that  of  the  secretion  of  the  bile  salts  from 
the  blood  by  the  liver  cells.  Phlorhizin  produces  microscopic  changes  in 
the  pancreas.  The  fact  that  all  the  symptoms  of  the  most  severe 
form  of  diabetes  can  be  produced  by  simply  emptying  and  keeping 
empty  the  glycogen  storehouses  of  the  body,  by  drawing  the  sugar 
out  through  the  kidneys,  lends  some  support  to  the  old  view 
that  the  primary  cause  of  the  usual  diabetes  is  not  a  loss  of  power 
of  burning  sugar,  but  a  loss  of  the  power  of  filling  these  reservoirs  with 
glycogen. 
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CHAPTER  XIX. 
PROTEIN  METABOLISM   OF   THE   BODY. 

In  the -chapters  on  digestion  and  absorption,  the  course  of  the  protein 
taken  in  the  food  was  traced  through  the  processes  of  digestion  and  into 
the  blood.  The  simple  proteins,  it  will  be  recalled,  find  entrance  to  the 
blood,  in  large  measure  at  least,  in  the  form  of  amino-acids,  the  primitive 
building  stones  of  which  the  protein  material  of  the  body  is  to  be  con- 
structed. Whether  some  of  these  amino-acids  are  synthesized  to  protein 
in  passing  through  the  wall  of  the  intestine  cannot  be  positively  denied, 
but  certainly  the  evidence  that  any  such  synthesis  occurs,  except  for  the 
building  up  of  the  proteins  of  the  epithelial  cells,  is  extremely  unsatis- 
factory. Some  of  the  amino-acids  have  been  destroyed  by  the  action  of 
the  bacteria  of  the  tract  and  some  have  lost  amino  groups  and  been 
changed  into  ammonia  and  a  carbon  residue,  possibly  ketonic  acids  like 
pyruvic  acid,  during  absorption.  It  is  probable,  however,  that  most  of  the 
amino-acids  get  into  the  blood  as  such.  In  the  blood  itself  they  are  found 
in  very  minute  amounts,  but  most  of  the  important  amino-acids  have  been 
found  there  in  small  quantities.  So  rapid  is  the  circulation  of  the  blood 
and  so  admirable  are  the  mechanisms  for  maintaining  its  composition 
that  the  amino-acids  are  removed  from  the  blood  almost  as  rapidly  as 
they  find  entrance  to  it;  there  is  not,  under  normal  circumstances,  any 
accumulation  of  amino-acids  in  the  blood.  It  has  been  shown,  however, 
by  Polin  and  Denis  \hat  there  is  always  some  increase,  and  not  an  insig- 
nificant increase,  in  the  non-protein  nitrogen  of  the  blood  after  the 
ingestion  of  protein  foods.  The  non-protein  nitrogen  includes  amino- 
acids,  urea  and  ammonia,  among  other  constituents.  We  may  now  ask 
ourselves  the  question  concerning  the  farther  fate  of  these  amino-acids. 

We  have  already  at  various  times  touched  on  these  questions  and 
have  considered  at  length  certain  aspects  of  protein  metabolism  when 
dealing  with  the  origin  of  the  nitrogenous  substances  in  the  urine.  Thus 
we  have  already  discussed  tlie  purine  metabolism,  the  origin  of  urea, 
the  formation  of  ammonia,  the  transformation  of  amino-acids  to  sugars, 
the  significance  of  the  creatine  and  creatinine  excretion,  and  the  origin 
of  various  other  urinary  constituents  which  arise  from  the  proteins. 
Something  has  been  said,  too,  about  the  influence  of  the  thyroid  gland 
on  protein  catabolism.  In  this  chapter  we  shall  only  touch  briefly  on 
certain   general   questions  of  protein   metabolism:    What   quantity  of 
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amino-acids  are  destroyed  per  day?  What  is  the  course  of  the  trans- 
formations they  undergo  when  they  are  decomposed  and  destroyed  in 
the  body?  Whether  they  are  also  synthesized  in  animals  as  they  are 
in  plants.  Has  the  body  any  power  of  storing  protein  when  more  pro- 
tein is  ingested  than  the  organism  needs  at  the  time?  How  much  pro- 
tein per  day  must  a  person  take  and  what  are  the  consequences  of  taking 
more  or  less  than  enough  ? 

Amount  of  protein  needed  per  day  by  a  human  adult. — ^Pew  ques- 
tions of  recent  times  have  been  more  debated  than  this :  How  piuch  pro- 
tein food  must  we  eat  a  day  in  order  to  keep  in  the  highest  state  of 
efficiency.  This  is  a  question  of  the  highest  importance  in  human  nutri- 
tion. The  proteins  are  the  most  expensive  foods  that  we  consume.  It 
is  nitrogen  that  is  expensive.  We  may  say  at  the  outset  that  the  quan- 
tity of  protein  needed  will  not  be  independent  of  the  character  of  the 
protein,  since  the  amino-acids  are  the  substances  which  are  really  needed, 
rather  than  protein  as  such,  and  those  proteins  which  have  all  the  amino- 
acids  in  about  the  same  proportions  as  they  are  found  in  the  body  as 
a  whole  will  probably  be  more  efficient  than  those  which  have  an  excess 
of  one  kind  or  another.  We  shall  come  back  to  this  question  presently. 
The  minimum  amount  of  protein  required  by  the  average  human  adult 
was  stated  a  few  years  ago  by  Voit  to  be  about  120  grams  of  protein  per 
day.  This  amount  was  arrived  at  by  measuring  the  amount  which  peo- 
ple in  moderate  circumstances  consumed.  The  idea  was  that  the  human 
race  had  been  for  generations  experimenting  in  order  to  arrive  at  this 
minimum.  Proteins  are  expensive  and  difficult  to  get.  In  the  struggle 
for  existence  which  presses  so  hard  on  human  beings  as  upon  all  ani- 
mals, it  is  to  be  supposed  that  this  amount  of  food  which  was  so  hard 
to  get  would  be  the  minimum  upon  which  a  high  state  of  efficiency, 
sufficient  to  conquer  in  the  struggle  for  existence,  could  be  maintained. 
If  carbohydrates  and  fats,  which  are  much  easier  to  get  and  much 
cheaper,  could  give  a  more  efficient  individual,  the  persons  who  ate 
more  of  them  than  of  proteins  would,  in  the  course  of  generations,  have 
survived  and  supplanted  their  less  sensible  brothers.  As  a  matter  of 
fact,  it  was  found  that  the  races  which  used  less  protein,  and  above  all 
less  dairy  products,  which  were  chieflj^  vegetarian  races,  were  on  the 
whole  less  active,  vigorous  and  progressive.  They  were  the  Bengalis  of 
India  and  races  generally  regarded  as  somewhat  inferior  and  retro- 
gressive. It  seemed,  then,  that  the  point  of  view  of  Yoit  was  well  taken 
and  that  the  minimum  requirement  for  efficiency  was  about  120  grams 
of  protein  per  day  for  an  adult. 

This  idea  was  seriously  attacked  by  an  American,  Mr.  Horace 
Fletcher,  some  dozen  years  or  more  ago  and  his  work  gave  rise  to  a  dis- 
cussion of  the  whole  matter  which  has  done  much  to  clarify  our  views 
of  the  role  of  protein  in  the  animal  economy.    Mr.  Fletcher  being  past 
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middle  life,  and  being  refused  life  insurance  on  account  of  his  poor  con- 
dition, went  seriously  to  work  to  regulate  Ms  diet  so  as  to  improve  Ms 
condition.  In  tMs  he  was  imitating  the  similar  conduct  of  Louis 
Cornaro,  an  Italian  of  the  fifteenth  century,  who  in  similar  circum- 
stances acted  in  the  same  way.  After  some  experimentation  both  cut 
down  their  diets  until  they  were  eating  far  less  food  than  before,  and 
Mr.  Fletcher  particularly  cut  down  Ms  protein  consumption.  Cornaro 
took  about  12  ounces  of  food  per  day.  The  physical  condition  of  both 
Cornaro  and  Fletcher  greatly  improved.  A  bad  catarrh  and  liability 
to  catch  cold  which  had  troubled  Mr.  Fletcher  quite  disappeared.  His 
general  condition  was  so  greatly  improved  that  he  became  an  extremely 
active  man  and  was  able  to  do  exercises  of  a  physical  kind  which  only 
young  men  in  good  physical  training  can  do  without  great  fatigue  and 
lameness.  These  results  were  so  remarkable  that  he  has  devoted  himself 
since  then  to  teaching  the  great  value  of  a  restricted  diet,  particularly 
for  men  over  forty  years  of  age.  The  results  in  Cornaro 's  case  were 
no  less  remarkable.  He  lived  to  be  102  years  of  age  and  at  82  and  again 
at  94  he  wrote  treatises  on  the  art  of  living  long.  The  sum  and  sub- 
stance of  his  prescription  was  temperance  in  all  things.  Neither  Mr. 
Fletcher  nor  Cornaro  restricted  their  diet  to  one  kind  of  food.  Cornaro 
is  not  very  specific  as  to  his  exact  diet,  but  apparently  he  partook  of 
the  ordinary  foods,  except  fish  and  some  things  that  did  not  agree,  with 
him ;  he  drank  wine  temperately ;  and  certainly  Mr.  Fletcher  took  what- 
ever he  felt  a  desire  for.  In  each  case  there  was  a  great  diminution  in 
the  quantity  of  food  taken. 

The  results  were  of  such  a  nature  that  a  careful  investigation  was 
undertaken  in  this  country  by  Chittenden,  a  squad  of  soldiers  volun- 
teering to  serve  for  the  experiment  to  see  what  the  effect  would  be  of 
limiting  protein  consumption.  Mendel,  Folin  and  many  others  have 
contributed  to  this  study. 

The  general  result  of  this  work  has  been  to  show  that  it  is  possible 
to  live  for  a  considerable  period,  at  any  rate,  and  apparently  in  a  state 
of  good  health  and  without  loss  of  weight,  on  far  less  protein  than  the 
Voit  standard  demanded.  120  grams  of  protein  requires  a  nitrogen 
outgo  of  some  19  grams  of  nitrogen  per  day.  Most  of  this  of  course 
will  go  in  the  urine,  but  some  will  be  in  the  feces.  The  amount  of 
nitrogen  in  Fletcher's  urine  was  about  6  grams  per  day;  in  the  soldiers' 
in  Chittenden's  experiments  it  ranged  from  6-10  grams  per  day,  and 
in  himseilf  and  some  of  his  colleagues  and  students  it  fell  to  a  similar 
figure.  Van  Sommeren,  a  son-in-law  of  Fletcher,  lived  on  an  amount  of 
protein  food  so  small  that  his  urinary  nitrogen  was  only  4-6  grams  per 
day  and  presumably  it  remained  there  for  a  long  period,  although  he 
was  actually  under  observation  for  a  short  time.    Folin,  by  eating  a 
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diet  containing  chiefly  starch,  cream  and  sugar,  reduced  his  nitrogen  in 
the  urine  to  aboiit  6  grams  a  day  for  several  days;  and  Thomas,  in 
Rubner's  laboratory,  reduced  his  urinary  nitrogen  on  a  starch  and  cream 
diet,  when  a  large  amount  was  taken  so  as  completely  to  cover  the  energy 
requirement,  for  various  short  periods  during  two  years,  to  as  little  as 
2.2  grams  per  day.  This  amount  of  nitrogen  corresponds  to  a  protein 
intake  of  only  15-20  grams  per  day. 

It  is  clear  from  these  experiments  that  it  is  possible  to  maintain  the 
weight  of  the  body  and  carry  out  ordinary  exertions,  to  establish  nitro- 
gen equilibrium,  at  a  far  lower  level  than  the  Voit  standard  required. 
So  perfect  is  the  mechanism  of  the  body  that  the  utilization  of  the  pro- 
tein taken  in  the  food  is  at  a  maximum  under  these  conditions.  It  is 
almost  completely  absorbed  and  utilized,  putrefaction  in  the  intestine 
being  reduced  to  a  minimum.  Furthermore,  the  general  health  in  many 
of  these  individuals  was  better  than  it  would  have  been  under  their 
former  regime.  It  is,  therefore,  clear  that  the  total  nitrogen  waste  of 
the  body  may  be  reduced  to  a  very  low  figure,  and  it  must  be  concluded 
either  that  the  proteins  in  the  body  are  being  torn  to  pieces  very  little, 
if  at  all,  in  metabolism,  or  else  that  the  pieces  into  which  they  are  torn 
are  carefully  saved  and  used  over  again.  Which  of  these  points  of  view 
is  correct  it  is  very  hard  to  say,  but  perhaps  modern  work  has  emphasized 
the  latter  possibility  rather  than  the  former. 

In  order  to  reduce  the  amount  of  protein  intake  to  a  minimum 
while  nitrogeneous  equilibrium  is  maintained,  that  is  while  the  outgo 
and  income  of  nitrogen  balance  each  other,  it  is  necessary  to  cover  the 
energy  requirements  of  the  body  by  eating  carbohydrates  and  fats,  for 
if  sufficient  energy-yielding  food  is  not  eaten,  then  the  body  tears  its 
own  tissues  to  pieces  to  secure  the  fuel  necessary.  Furthermore,  the 
quantity  of  non-protein  food  eaten  must  be  more  than  sufficient  to 
cover  the  energy  requirement,  since  there  are  reasons  for  believing 
that  the  carbohydrates  in  particular  have  the  additional  virtue  of 
enabling  a  partial  synthesis  of  at  least  some,  and  perhaps  of  many,  of 
the  amino-acids  in  the  body  from  carbohydrate  decomposition  products 
and  ammonia  or  other  nitrogen  derivatives  of  protein  catabolism.  For 
this  reason  they  assist  in  keeping  the  nitrogen  in  the  body.  The  total 
effect  of  the  ingestion  of  carbohydrate  is,  therefore,  to  save  the  proteins 
of  the  body  and  they  and  fats  are  said  to  have  a  protein-sparing  function 
in  metabolism.  The  explanation  of  this  action  is  not  certainly  known, 
but  it  may  be  in  part  that  they  are  so  much  more  easily  oxidized  that 
they  protect  the  proteins  from  oxidation  in  this  way ;  or  they  may,  in 
the  manner  just  cited,  make  possible  the  resynthesis  of  amino-acids  from 
ammonia  and  other  decomposition  products  of  protein  metabolism;  or 
they  may  be  important  aids  in  the  anaerobic  respiration  of  cells  which 
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presumably  occurs  about  the  nucleus.  Thomas  found  that  in  order  to 
keep  his  nitrogen  outgo  down  to  2.2-4.63  grams  per  day  large  amounts 
of  carbohydrate  had  to  be  eaten.  If  fat  were  substituted  for  carbohy- 
drate, the  amount  of  nitrogen  in  the  urine  was  somewhat  increased. 
Perhaps  this  was  due  in  part  to  the  slight  acidosis  which  generally  occurs 
in  the  metabolism  of  large  amounts  of  fats.  The  fats  do  not  burn  so 
easily  and  completely  as  the  carbohydrates  to  carbon  dioxide  and  water, 
but  fragments  of  their  molecules,  such  as  acetoacetic  acid,  are  apt  to 
escape  unburned  in  the  urine.  This  acid  is  neutralized  in  part  with 
ammonia  and  when  it  appears  it  carries  out  some  ammonia  in  the  urine, 
thus  increasing  somewhat  the  nitrogen  outgo. 

Since  it  is  the  amino-acids  which  are  used  to  synthesize  the  proteins 
of  the  body  it  is  necessary,  if  a  real  physiological  minimum  is  desired, 
that  just  the  right  amount  of  each  particular  kind  of  amino-acid  shall 
be  eaten.  Since  the  different  proteins  contain  quite  different  propor- 
tions of  the  amina-acids,  it  makes  a  great  difference  to  the  body  which 
protein  is  eaten.  Dog  flesh  nourishes  dogs  with  less  waste  than  any 
other  kind  of  protein.  Some  of  the  proteins  lack  completely  certain 
amino-acids,  and  if  the  animal  organism  is  incapable  of  manufacturing 
these  acids  in  sufficient  amounts  to  cover  its  needs,  it  will  be  impossiblo 
to  maintain  nitrogen  equilibrium  when  that  particular  protein  is  used 
as  a  food.  For  example,  gelatin  lacks  both  tyrosine  and  tryptophane  and 
it  has  been  found  impossible  to  nourish  completely  any  mammal  when 
gelatin  is  the  sole  protein  food  in  the  diet.  However  much  gelatin  may 
be  taken,  and  however  much  carbohydrate  be  added  to  it,  there  is  a  slow 
loss  of  nitrogen  to  the  body  resulting  eventually,  if  the  diet  is  not 
changed,  in  death.  Evidently  it  is  impossible  for  the  animal  body  to 
manufacture  the  lacking  amino-acids  from  the  food  supplied  in  amounts 
sufficient  to  cover  its  requirements.  Thomas  found  a  considerable  differ- 
ence in  the  power  of  the  different  proteins  tb  supply  in  the  most  efficient 
manner  the  nitrogen  needs  of  the  body.  Meat  and  milk  protein  could 
replace  the  protein  consumed  with  the  greatest  efficiency.  It  was  neces- 
sary to  eat  least  of  these  in  order  to  supply  the  2.2  grams  of  nitrogen 
which  was  the  minimum  outgo.  Some  of  the  vegetable  proteins  were 
far  less  efficient.  If  the  protein  minimum  was  covered  by  them,  it  was 
necessary  to  take  far  more  of  the  protein.  Indeed,  of  the  total  nitrogen 
taken  in  the  form  of  vegetable  protein,  sometimes  60  per  cent,  was 
wasted :  that  is,  that  proportion  of  nitrogen  was  not  in  a  form  to  cover 
the  nitrogen  minimum  of  the  body.  Potato  protein  was  better  for  the 
physiological  minimum  than  either  peas  or  beans  or  wheat.  McCoUum 
states  that  bean  protein  is  about  one  half  as  good  as  that  of  wheat  and 
corn ;  and  the  latter  about  one-half  as  good  as  milk  and  egg  protein. 

Recent  work  on  the  necessity  of  other  constituents  than  protein  in 
the  foods  (see  page  837)  makes  the  interpretation  of  these  experiments, 
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somewhat  obscure,  since  it  is  possible  that  the  greater  efiSciency  of  milk 
and  meat  might  be  due  to  the  presence  in  them  of  some  non-protein 
constituent  necessary  to  the  body  but  not  found  in  the  vegetables  con- 
sumed. But  there  is  no  doubt  of  the  fact  that  the  body  can  get  along 
for  a  considerable  time  and  often  with  advantage  on  less  protein  than 
is  usually  consumed.  Rubner  in  1883  expressed  the  opinion  that  not 
more  than  5  per  cent,  of  the  energy  requirement  of  the  body  had  to  be 
in  the  form  of  protein.  The  2.2  grams  of  nitrogen  in  the  urine  of 
Thomas,  Rubner  suggests,  came  from  the  bacteria  of  the  intestinal  tract 
and  from  the  blood  decomposition.  When  doing  very  hard,  muscular 
work  while  on  this  diet  Thomas  raised  his  nitrogen  to  2.6  grams  per 
day.  This  shows  that  the  muscle  substance  does  not  wear  out  rapidly. 
The  machinery  does  not  wear  out.  Rubner  thinks  that  there  is  a  mini- 
mum decomposition  of  2.0-3.0  grams  of  protein  per  day.  Since  the 
whole  amount  of  protein  in  a  man's  body  is  about  2,000  grams,  only  0.1 
per  cent,  goes  to  pieces  daily.  If  the  loss  were  equally  distributed,  this 
would  mean  that  the  protein  was  renewed  once  in  5  years.  The  actual 
necessary  wear  and  tear,  he  thinks,  is  less  than  this. 

It  appears,  then,  that  the  amount  of  nitrogen  wear  and  tear  of  the 
body  is  not  necessarily  very  great.  This  may  mean  one  of  two  things. 
First,  that  the  protein  is  metabolizing  at  a  very  slow  rate  indeed ;  that 
the  protein  makes  actually  a  machinery  of  a  very  stable  kind  which 
moves  and  organizes  the  cell,  but  which  does  not  itself  burn,  or  metab- 
olize at  a  rapid  rate,  but  is  moved  by  the  energy  set  free  from  the 
combustion  of  the  carbohydrates  and  fats ;  or,  second,  it  may  mean  that 
the  body  is  able  to  save  and  use  over  again  the  waste  products  of  the 
protein  metabolism  so  that  it  saves  its  ammonia.  The  first  possibility  is 
of  considerable  interest,  since  it  may  be  that  the  stability  of  the  brain 
proteins  makes  possible  the  stability  of  the  memories  of  the  body.  This 
possibility  is  discussed  under  the  chapter  on  the  brain.  The  second  pos- 
sibility, however,  has  much  in  its  favor.  It  is  now  certain  that  the  body 
has  the  power  of  manufacturing  some  amino-acids  from  some  of  the 
products  of  carbohydrate  metabolism  and  ammonia,  and  it  is  possible, 
hence,  that  the  nitrogen  is  thus  saved  to  the  body  and  remade  into  amino- 
acids  which  are  used  to  make  good  the  protein  wear  and  tear. 

Is  minimum  protein  desirable?  It  is  possible  to  live  for  several  years 
on  less  protein  than  is  ordinarily  consumed.  Is  it  desirable  that  the  bulk 
of  the  population  should  reduce  their  protein  consumption  so  as  to 
approach  the  minimum?  Most  physiologists  are  of  the  opinion  that  it 
is  undesirable  and  that  it  is  safer  to  provide  for  a  certain  excess  above 
the  minimum  requirement.  In  the  first  place,  it  is  certain  that  growth 
is  very  dependent  upon  protein  food.  For  the  proper  development  of 
the  body  it  is  necessary  that  protein  should  be  eaten  in  considerable 
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quantities.  There  is  hardly  a  doubt  that  the  increase  in  the  average 
stature  of  the  population  of  this  country  is  due,  in  part  at  least,  to 
better  nourishment  of  the  children.  Growth  is  stunted  by  too  little 
food.  For  growth  protein  is  needed.  Nature  probably  had  to  solve 
this  problem  by  blind  experimentation  and  the  food  provided  for  the 
rapidly-growing  young  is  always  protein  food.  Milk  contains  as  much 
protein  as  it  does  carbohydrate  or  fat;  young  birds  are  fed  on  worms, 
larvae  and  insects,  even  though  the  adults  may  be  graminivorous.  But 
there  are  reasons  even  in  adults  for  the  excess  of  protein  consumption 
above  the  minimum.  While  there  is  no  protein  storage  in  a  narrow 
sense,  there  is  certainly  a  reserve  power  which  a  well-fed  person  has 
and  which  an  ill-fed  one  lacks.  The  muscles  and  cells  of  the  body 
full  of  living  matter  have  certainly  a  greater  vitality  and  a  greater 
resistance  to  disease  than  when  they  are  depleted.  Experiments  have 
shown  that  the  resistance  of  rats  and  other  animals  to  snake  venom 
is  greater  when  they  have  been  fed  protein  than  when  they  have  not 
been  fed  protein.  It  may  be  that  the  difference  is  due  not  to  the  pro- 
tein, but  to  other  constituents  of  the  diet,  but  in  our  ignorance  of  what 
those  constituents  are  it  would  appear  wiser  to  eat  the  food  which  contains 
them.  The  whole  matter  is,  hence,  in  an  unsettled  state.  "We  are  con- 
fronted, on  the  one  hand,  with  the  fact  that  long  life  is  usually  accom- 
panied by  a  temperate  disposition,  and  temperance  in  eating  and  drink- 
ing; and  that  many  people,  particularly  those  past  middle  life,  are  bene- 
fited by  reducing  their  protein;  on  the  other  hand,  peoples  of  great 
vigor  are  generally  heavy  protein  consumers,  and  for  the  young,  cer- 
tainly, a  plentiful  protein  diet  of  a  special  kind  seems  to  have  been  that 
elaborated  by  nature  after  many  experiments. 

Will  the  iody  store  protein?  The  human  body  has  the  power  of 
storing  both  carbohydrate  and  fat.  If  one  eats  more  carbohydrate  food 
than  is  necessary  to  cover  the  energy  requirements  of  the  body,  it  is 
not  at  once  completely  burned  and  got  rid  of,  but  up  to  a  certain  point 
it  is  stored  either  as  glycogen  in  the  liver,  muscles  and  some  other  tissues, 
or  it  is  converted  into  fat,  and  deposited  as  such  in  the  great  fat  reser-  : 
voirs  of  the  body,  which  lie  under  the  skin  or  about  the  internal  organs. 
With  proteins  the  matter  is  quite  different.  It  is  true  that  many  plants 
have  the  power  of  storing  proteins  in  their  seeds  and  in  other  tissues. 
Nuts  generally  contain  stored  protein.  The  proteins  in  these  cases  are 
dead,  reserve  proteins.  They  are  more  stable  than  the  usual  proteins 
and  they  are  often  laid  down  in  crystalline  deposits  in,  the  cells.  Some 
animals  also  store  a  small  amount  of  protein  in  eggs  to  serve  as  food 
for  the  developing  embryo.  But  it  is  always  found  that  the  cells  which 
thus  store  protein  have  a  metabolism  slower  than  usual.  Either  they 
store  nrotein  because  their  jnetabolism  is  small,  or  else  the  accumulation 
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of  this  mass  of  inactive  protein  checks  their  metabolism.  In  the  adult 
human  being  there  is  certainly  a  very  limited  storage  of  protein.  If  one 
doubles  the  amount  of  protein  necessary  to  replace  the  wear  and  tear 
of  the  protein  of  the  body,  in  a  well-fed  person  the  sole  result  is  to 
increase  the  output  of  nitrogen.  If  we  eat  200  grams  of  protein  per 
■lay,  the  body  does  not  retain  this,  but  it  is  at  once  oxidized  and  got 
I'id  of.  The  nitrogen  is  increased  in  the  urine  to  the  same  extent  as 
it  has  been  increased  in  the  food.  It  is  not  retained  in  the  body.  It  is 
only  after  a  long  fast,  or  particularly  after  a  prolonged  low  protein 
diet,  when  the  body  has  been  covering  its  needs  with  carbohydrates  and 
saving  its  proteins,  that  there  is  a  retention  of  nitrogen  in  the  body. 
And  this  power  of  retention  is  not  very  great.  It  is,  for  example,  after 
wasting  diseases  when  there  has  been  a  great  loss  of  muscle  substance, 
or  after  hemorrhage  when  there  must  be  a  rapid  reformation  of  blood, 
that  protein  storage  occurs. 

In  fact,  so  far  is  it  from  being  the  case  that  eating  protein  leads  to 
protein  storage,  that  the  reverse  is  true.  A  large  protein  diet  far  in 
excess  of  the  protein  requirements  leads  to  a  consumption  of  fat,  so 
that  the  body  is  thin  and  may  actually  lose  weight.  Proteins  have  a 
certain  specific  action.  They  stimulate  heat  production.  If  one  eats 
more  protein,  it  is  not  as  it  is  with  the  fats  that  the  excess  is  stored, 
but  it  is  burned  at  once,  so  that  a  large  protein  diet  means  an  increased 
output  of  heat.  The  heat  production  is  at  a  minimum  on  a  low  protein 
diet.  In  rest  it  may  then  sink  to  2.000  calories  per  day;  whereas  on  a 
high  protein  diet  even  at  rest  it  rises  to  3,000-3,500  calories  per  day. 
It  is  as  if  the  fats  burned  in  the  heat  of  the  proteins,  for  one  way  of 
getting  thin  is  to  eat  large  amounts  of  protein  (Banting  cure). 

The  explanation  of  this  peculiarity  of  the  proteins  when  contrasted 
with  the  fats  and  carbohydrates  has  not  yet  been  given  in  its  entirety, 
but  it  is  not  impossible  that  it  has  the  following  teleological  explanation. 
The  proteins  make  part  of  the  real  living  matter.  It  is  impossible  to 
increase  the  living  matter  of  the  cell,  or  the  living  matter  of  the  body 
as  a  whole,  beyond  the  powers  of  the  blood  to  supply  oxygen  to  keep 
it  alive.  If  more  living  matter  is  formed  than  can  be  supplied  with 
oxygen,  hydrolytic  or  autodigestive  processes  are  set  at  work  which 
digest  the  protein  and  thus  tear  down  that  which  has  been  formed.  The 
amount  of  the  living  matter  is  evidently  limited  by  the  ratio  of  bulk 
to  surface  and  to  the  possibility  of  supplying  oxygen.  This  may  be  the 
way  in  which  the,  amount  of  living  matter  is  limited  in  the  body.  Pro- 
tein cannot  be  laid  down  in  the  protoplasm  in  the  form  of  dead  or 
reserve  material  without  seriously  checking  the  metabolism  of  the  cell. 
Stable,  inert  proteins  are  found  only  in  those  cells  Adhere  the  metabolism 
is  not  very  intense.    If  it  be  asked  how  it  happens  that  protein  is  not 
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deposited  in  cells  in  spite  of  the  possibly  deleterious  result  of  such  a 
deposition,  we  have  to  confess  that  we  know  very  little  about  it.  The 
experiments  of  Ascoli  and  others  on  uricase  and  its  variation  in 
the  liver  of  fasting  and  well-fed  individuals  appear  to  be  full  of  sig- 
nificance. It  will  be  recalled  that  in  bird's  and  dog's  liver  the  enzyme 
to  destroy  uric  acid  disappears  when  the  diet  is  restricted  and  reappears 
when  the  diet  is  plentiful.  This  is  evidently  in  the  nature  of  an 
adaptive  metabolic  change.  When  the  diet  is  restricted,  or  during 
fasting,  it  is  possible  that  the  uric  acid  is  needed  to  replace  the  waste 
of  the  nuclein  material.  The  activity  of  the  uricase  disappears  under 
these  circumstances.  Feed  the  body  well  and  destruction  of  uric  acid 
results.  The  simplest  explanation  suggesting  itself  is  that  some  of  the 
food  decomposition  products  give  rise  to  the  enzyme  which  destroys  uric 
acid.  But  whether  this  explanation  is  correct  cannot  be  said.  Perhaps 
it  is  the  same  with  the  amino-acids.  After  fasting  we  know  that  the 
destruction  of  amino-acids  is  greatly  restricted  and  the  organism  builds 
them  over  into  protein  to  replace  that  which  has  been  used  up.  It  may 
be  that  the  enzymes  which  destroy  or  hydrolyze  the  proteins,  or  oxi- 
dize the  amino-acids,  are  reduced  in  quantity,  so  that  the  speed  of  the 
destruction  of  the  amino-acids  is  reduced.  On  the  other  hand,  when 
there  is  a  luxus  consumption  of  the  amino-acids,  perhaps  some  of  their 
decomposition  products  are  converted  into  catalytic  agents  which  hasten 
the  decomposition  of  the  amino-acids.  Consequently  the  oxidative 
decomposition  is  greatly  increased  and  the  heat  of  the  body  increased. 
Whatever  may  be  the  exact  mechanism  by  which  a  storage  of  protein 
is  prevented,  there  is  no  doubt  of  the  fact  that  very  little  storage  occurs, 
but  that  excess  protein  is  torn  to  pieces,  and  the  nitrogen  eliminated  as 
urea.  Heat  production  is  at  the  same  time  increased,  and  there  appears 
to  be  a  stimulated  decomposition  of  the  fats.  Of  the  non-nitrogenous 
part  of  the  protein  molecule  a  portion  at  least  is  converted  into  glycogen, 
as  has  already  been  discussed  on  page  774,  and  may  be  stored  as 
glycogen. 

Catabolism  of  proteins. — The  question  we  have  now  to  ask  is  a  very 
fundamental  One  and,  like  most  fundamental  questions,  we  cannot 
answer  it.  The  question  is  this:  What  is  the  course  of  the  metabolic 
decomposition  of  the  proteins  of  the  cells  of  the  body?  These  proteins 
are  complex,  conjugated,  colloidal  proteins.  Do  they  undergo  oxidation 
or  deaminization  while  they  are  in  this  form ;  or  is  the  first  step  in  their 
catabolism  a  digestive  process  which  results  in  setting  free  the  amino- 
acids  and  other  constituents?  And  are  these  fragments  then  oxidized, 
or  first  fragmented  by  fermentation  and  the  fragments  oxidized?  It 
will  be  recalled  at  the  outset  that  the  proteins  with  which  we  are  deal- 
ing, that  is  the  real,  organized,  protein  basis  of  living  matter,  is  not 
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a  simple  protein,  but  it  contains  in  its  inolecule  certainly  phospholipin, 
possibly  various  enzymes  and  carbohydrate  and  other  material,  some  of 
it  inorganic.  Its  composition  is  probably  illustrated  by  the  composition 
of  the  blood  platelets  or  the  stroma  of  the  red  blood  corpuscles,  or  we 
might  even  say  of  the  red  blood  cells  as  a  whole,  while  they  still  have 
in  them  hemoglobin.  Presumably  in  the  red  blood  cells  the  composi- 
tion of  the  protein  is  represented  by  a  compound  of  hemoglobin-phos- 
pholipin-protein-lipase-cholesterol-potassium.  This  compound,  if  indeed 
it  be  a  chemical  compound,  is  known  to  be  very  unstable  and  a  great 
variety  of  agents  cause  it  to  decompose.  On  the  whole,  the  evidence 
is  favorable  to  the  view  that  something  similar  happens  in  all  cells  and 
that  the  first  step  in  the  catabolism  of  the  proteins  is  a  decomposition 
of  this  complex,  and  the  digestion  of  its  constituents.  Thus  it  has  been 
found  that  in  all  cells  there  ensues  on  death  a  digestion  of  the  protein 
material  with  the  appearance  of  the  splitting  products  of  the  simple  and 
conjugated  proteins.  This  digestion  is  known  as  autolysis.  Thus  in  all 
tissues,  as  soon  as  they  die,  there  is  a  digestion  of  the  purine  bases, 
adenine  and  guanine,  ammonia  is  set  free  and  the  deaminized  bases, 
hypoxanthine  and  xanthine,  are  formed;  the  bases  may  also  be  split 
free  from  their  union  with  the  carbohydrate  or  phosphoric-acid  group. 
Lipases  also  become  active  and  a  digestion  more  or  less  extensive  of 
the  fats  and  phospholipins  occurs ;  the  simple  proteins  are  digested  with 
the  appearance  of  albumoses  and  amino-acids  and  other  peptides.  We 
have,  then,  in  cells  after  death  the  appearance  of  digestive  enzymes 
which  deaminize  and  decompose,  or  hydrolyze,  a  great  many  of  the  cell 
constituents  and  among  them  the  proteins.  Nearly  aU  cells  yield  pro- 
teolytic enzymes  of  the  erepsin  type  and  of  the  deaminizing  type. 
Nearly  all  of  these  digestive  actions  occur  best  in  a  very  faintly  acid 
medium  and  they  are  checked  or  prevented  by  the  addition  of  a  little 
bicarbonate  of  soda.  This  is  particularly  true  of  the  proteases.  It  has 
been  suggested,  and  seems  on  the  whole  very  probable,  that  these  enzymes 
do  not  begin  their  work  only  at  the  moment  of  death  when  the  reaction 
of  the  cell  has  become  acid,  but  that  they  are  more  or  less  active  all  the 
time,  but  that  normally  their  activity  is  reduced  either  by  the  presence 
of  antibodies,  or  else  by  the  reaction,  or  else  that  the  sjmthetic  power 
of  the  cell  is  so  great  that  in  spite  of  their  action  the  cell  is  not 
destroyed.  It  would  seem  probable  that  the  first  step  in  catabolism  was, 
then,  a  hydrolysis  of  the  proteins  and  that  the  oxidation  or  fermentation 
of  the  products  set  free  succeeded  this.  This  view,  however,  has  not 
been  universally  accepted.  It  is  a  very  singular  fact  that  it  is  impos- 
sible to  isolate  these  digestive  enzymes  before  autolysis  has  begun.  It 
is  the  same  difSculty  which  was  noted  in  the  case  of  the  decomposition 
of  the  glycogen  in  the  liver;  the  enzyme  appears  only  in  very  small 
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amounts  and  after  digestion  has  begun.  A  potato,  although  it  under- 
goes hydrolysis  of  its  starch  very  easily  after  lying  for  a  time,  seems 
to  have  no  diastase  in  it  when  the  potato  is  green.  In  other  words,  the 
diastase  appears  when  the  digestion  begins.  A  quite  similar  fact  is 
noted  in  the  clotting  of  the  blood:  no  thrombin  can  be  isolated  from 
the  plasma,  but  only  from  the  serum  after  clotting  has  occurred.  The 
question  in  the  clotting  of  blood  is  the  same  as  in  the  digestion  of  the 
proteins.  Is  the  enzyme  which  appears  a  result  or  a  cause  of  the  clot- 
ting or  digesting  process?  No  doubt  it  appears  most  probable  that 
the  enzyme  is  present  and  active  even  during  life,  but  its  activity  is 
cheeked  in  some  of  the  ways  stated.  Tissues  waste  away  in  starvation, 
even  though  they  live,  and  this  is  probably  due  to  a  partial  hydrolysis. 
There  are  not  wanting  those  who  maintain,  however,  that  the  enzyme 
is  not  the  primary  cause  of  the  catabolism  in  the  living  tissue.  The, 
reason  why  the  enzyme  is  not  to  be  found  in  living  active  cells  may  be 
illustrated  by  the  phenomena  of  the  clotting  of  the  blood.  The  blood 
platelets,  according  to  Wooldridge,  are  of  the  nature  of  crystalline 
products.  Now,  if  they  are  examined  fresh,  no  fibrin  ferment  can  be 
extracted  from  them,  but  if  they  are  allowed  to  clot  first  then  they 
yield  fibrin  and  thrombin.  They  also  yield  an  hydrolytic  enzyme  which 
has  the  power  of  digesting  the  fibrin  and  producing  fibrinolysis.  The 
probability  seems  to  be  that  the  enzymes  in  cells  are  in  union  with  the 
substances  upon  which  they  act,  they  are  in  union  with  their  substrates 
and  so  cannot  be  extracted ;  under  certain  conditions  this  union  is  stable 
and  the  substrate  is  not  affected  by  the  enzyme,  but  under  certain  other 
conditions,  and  a  very  slight  reduction  in  alkalinity  appears  to  be  one 
of  them,  the  reaction  is  consummated,  the  compound  is  hydrolyzed  and 
both  the  hydrolytic  product  and  the  enzyme  appear  free  at  the  same 
moment,  just  as  fibrin  and  thrombin  appear  simultaneously.  If  this 
view  is  correct,  the  protoplasmic  proteins  already  have  combined  with 
them  the  various  enzymes  which  under  different  circumstances  decom- 
pose them  by  autolysis.  Perhaps  under  certain  conditions  these  same 
enzymes  have  been  responsible  for  the  synthesis  of  the  proteins  which 
they,  digest  under  other  conditions. 

By  this  autolysis  of  the  proteins  amino-acids  are  produced.  These 
amino-acids  are  either  fermented,  carbon  dioxide  and  amines  being 
formed  from  them;  or  they  are  oxidized  with  the  formation  of  certain 
substances,  among  them  ketonic  acids,  ammonia  and  aldehydes.  Ulti- 
mately the  nitrogen  residues  escape  from  the  body  chiefiy  as  urea; 
while  the  carbon  residues  are  in  part  at  least  changed  to  glucose  and 
glycogen  m  the  manner  indicated  in  the  previous  chapter. 

Course  of  the  oxidation  of  various  amino-acids  in  the  "body.  The 
course  of  oxidation  of  various  amino-acids  in  the  body  has  been  studied 
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by  Neubauer,  Knoop,  Bmbden,  Dakin  and  others  by  perfusing  the  liver 
with  blood  containing  the  amino-acids,  by  obtaining  their  decomposition 
products  from  the  urine  and  by  oxidation  with  hydrogen  peroxide. 

The  general  course  of  the  oxidation  of  the  simple  amino-acids  is 
first  to  form  by  oxidation  the  ketonic  acid  and  ammonia.  A  subsequent 
oxidation  converts  them  into  the  acid  of  the  next  lower  series  by  the  loss 
of  carbonic  acid.  According  to  Dakin  the  aldehyde  is  formed  as  an  in- 
termediate product.  The  course  of  the  oxidation  of  the  simpler  acids 
is  shown  by  the  following  reactions.  In  not  all  cases  has  it  been  actually 
shown  that  the  decomposition  follows  this  rule,  but  it  has  in  many  of 
them  and  it  is  probable  for  the  others. 

NH  CH  — OOOH  +  0  ►  OHO— COOH  +  NH 

2         2       <  ■  <  8 

Glycoooll.  Glyoxylie  acid. 

The  reaction  probably  goes  in  two  stages  (Knoop  and  Neubauer),  the 
oxyamino-acid  forming  first: 


NH  =  CH— COOH  +  H  O 

'  2 

Imino-acid. 


NH  CH  —COOH  +  O ►  NH  CHOH— COOH  ■ 

2 2  '^  2 


GlycocoU.  Hydrated  imino,  ^--^  O  =  CH— COOH  -f  NH3 

intermediate  stage.  Glyoxylie   acid. 

The  hydroxy  amino  compounds  may  be  regarded  as  hydrated  imino 
acids.  It  will  be  remembered  that  oxygen  and  NH  are  very  similar  in 
many  of  their  properties  and  mutually  replace  each  other  in  com- 
pounds. 

Alanine  on  oxidation  forms  pyruvic  acid,  thus : 

CH  — CHNH„— COOH  +  0 CH  —CO— COOH  +  NH 

8  2  I  3  ^^  S 

Alanine.  Pyruvic  acid. 

On  further  decomposition  this  acid  yields  by  oxidation  acetic  acid 
and  carbon  dioxide: 

CH  —CO— COOH ►  CH  — COH  +  CO  ;    CH.— COH  +  0 CH  —COOH 

8  8  '  2  8  <  3 

Pyruvic  acid.  Acetic  aldehyde.  Acetic  acid. 

Relation  to  hydroxy  acids.  The  amino-acids  are  converted  often 
into  hydroxy  acids.  Thus  in  perfusing  the  liver  with  blood  containing 
alanine,  lactic  acid  was  obtained.  Similar  hydroxy  acids  have  been  ob- 
tained also  from  other  acids.  The  hydroxy  acid  is  not  formed  by  a 
direct  replacement  of  the  amino  group  by  hydroxyl,  but  by  the  reduction 
of  the  ketonic  acid  which  is  formed  by  the  oxidation  of  the  amino-acid 
and  the  subsequent  elimination  of  ammonia.  Prom  alanine  pyruvic  acid 
is  formed  in  the  way  described  and  this  is  by  reduction  converted  into 
lactic  acid. 
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CH  — CO— COOH  +  2H CH.— CHOH— COOH 

Pyruvic  acid.  Lactic  acid. 

Lactic  acid  may,  therefore,  arise  from  the  proteins  as  well  as  from  the 
carbohydrates. 

The  evidence  that  lactic  acid  is  not  first  formed  and  then  oxidized 
to"  pyruvic  acid  is  the  fact  that  a  substituted  lactic  acid,  such  for  ex- 
ample as  p-hydroxyphenyl-lactic  acid,  does  not  yield  homogentisic 
acid  when  administered  to  an  alcaptonuric,  whereas  p-hydroxyphenyl- 
pyruvic  acid  does  yield  it.  This  observation  shows  that  the  hydroxy  acid 
cannot  be  in  the  normal  course  of  oxidation  of  tyrosirie ;  and  that 
p-hydroxyphenyl  pyruvic  acid  is  probably  in  the  chain  of  normal  oxida- 
tion. The  relation  between  the  hydroxy  acids,  the  ketone  and  amino 
acids  may  be  represented  as  follows: 

CH  — CHOH— COOH 

0        ■"!  1". 

CHg— CHNH^— COOH    =r    CH^^— CO— COOH  +  NHj, 
^2  jo 

CH.— COOH  +  CO, 

8  ■     2 

It  is  not  impossible,  however,  that  the  exact  course  of  the  transforma- 
tion may  not  be  correctly  represented  by  the  foregoing  scheme.  It  may 
be  that  an  unsaturated  acid  is  formed  at  the  outset  of  the  reaction  by  a 
deaminization  and  that  this  unsaturated  aL'id  is  subsequently  oxidized, 
to  the  hydroxy  or  oxy  acid.  An  amino  group  behaves  in  general  like  a 
hydroxyl  group.  Hydroxy  acids,  like  lactic  acid,  easily  lose  water  and  art 
transformed  into  the  unsaturated  acids  like  acrylic  acid.  However  the 
/? -hydroxy  acids  undergo  this  transformation  more  readily  than  the 
a-acids.     The  reaction  would  be  as  follows: 

CH  — CH.NH  — COOH        CH  =  CH— COOH -J- NH, 

3-2  2  '8 

Amino  propionic  acid.  Acrylic  acid. 

By  subsequent  hydration  or  oxidation  acrylic  acid  might  be  converted 
into  the  hydroxy  or  the  ketonic  acid : 

I.     CH  =CH— COOH  +  HOH ►CH —CHOH— COOH 

Acrylic  acid.  Lactic  acid. 

.     CH  =  CH— COOH  -f-  O CH  —CO— COOH 

Acrylic  acid.  Pyruvic  acid. 

Such  an  unsaturated  amino-acid  has  been  obtained  recently  by  Hunter 
from  dog's  urine,  namely,  urocanic  acid.  It  has  also  been  obtained 
from  a  pancreatic  digest.    It  is  derived  from  histidine  by  deaminization : 
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CH— NH\ 


H 


-N^ 


CH  OH 

.8     8 


in 
He 

COOH 
Urocanie  acid. 
(Imldazolylacrylio  acid.) 


CH 

COOH 
Cinnamic  acid. 


The  corresponding  derivative  from  phenyl  alanine,  called  cinnamic  acid, 
i.s  found  in  oil  of  cinnamon,  balsam  of  Tolu  and  elsewhere.  An  isomeric 
cinnamic  acid,  the  alpha-phenyl  acrylic  acid,  atropic  acid,  is  obtained 
from  the  alkaloid,  atropine.  The  evidence  at  present,  however,  favors 
the  Knoop  view  of  a  preliminary  oxidation  before  the  desaturation. 

Tyrosine  and  phenyl  alanine.  By  oxidation  tyrosine  is  converted 
probably  in  the  first  place  to  para-hydroxyphenyl  pyruvic  acid,  and 
phenyl  alanine  to  phenyl  pyruvic  acid.  ..The  isolation  of  these  acids 
has  not  been  accomplished  from  the  urine  after  ingesting  tyrosine, 
but  indirect  evidence  shows  their  formation.  Their  further  fate  is  very 
interesting.  Under  certain  not  well  understood  conditions  a  peculiar 
acid,  homogentisic  acid,  appears  in  the  urine.  This  acid  is  a  dihydroxy- 
phenyl  acetic  acid  and  has  the  property  of  turning  the  urine  dark  on 
standing  by  the  formation  of  melanin  by  the  spontaneous  oxidation 
of  the  acid.  That  this  substance  is  derived  from  tyrosine  is  shown  by 
the  fact  that  the  administration  of  tyrosine  to  alcaptone  patients 
increases  the  amount  of  homogentisic  acid.  This  acid  differs  from 
tyrosine  in  that  the  hydroxy  group  and  the  acetic  acid  radicle  are  not 
in  the  para  positions  to  each  other,  so  that  to  understand  the  formation 
of  homogentisic  acid  from  tyrosine  it  must  be  surmised  that  a  rear- 
rangement of  the  hydroxy  groups  takes  place.  This  will  be  obvious  from 
the  following  formulae : 

C— CH  -V  CHim„— COOH    C— CH  —COOH    C— CH  — CHNH  —COOH 

-  2  2  2  2 

HC    CH  HC    COH     HC    CH 

HC    CH  HOC    CH      HC    CH 

CH  ^CH  Gn 

T.yrosiTie.  Hnmogentisic  acid.         Phenyl  alanine. 

3,  hydroxyphenyl-  2.5,  dihydroxyphenyl  acetic 

propionic  acid.  acid. 

A  similar  transformation  has,  however,  been  observed  by  Bamberger 
and  others,  showing  that  such  rearrangements  are  not  uncommon  and 
that  they  are  due,  probably,  to  the  intermediate  appearance  of  quino- 
noid  derivatives  formed  by  oxidation.    Neubauer's  explanation  of  the 
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formation  of  homogentisic  acid  includes  this  explanation  and  is  illus- 
trated as  follows: 

OH 
C— CH  — CHNH  — COOH  C— CH  — CO— COOH  | 

^  \  °  <^  \      "  C— OH  —CO— COOH 

HC  CH  HC  CH  /    \ 

I  11  "  i  II HC  CH 

HC  CH  HC  CH  II  II 

%/  %/  HC  CH 

COH  C  OH  \  / 

para-hydroxyphenyl  pyruvic  C  =  O 

Tyrosine.  acid.  Quinonoid  form. 

OH  OH 

I  I 

C  c 

^'  \  ^  \ 

HC  C— CH  —CO— COOH  HC  C— CH  —COOH  +  CO 

2  2  ^^  2 

HC  CH  ►  HC  CH 

^/  %/ 

C— OH  C— OH 

Homogentisic  acid. 
2.5  dihydroxyphenyl  pyruvic  2.5  dihydroxyphenyl  acetic 

acid.  acid. 

Homogentisic  acid  is  possibly  a  normal  product  of  tyrosine  oxidation, 
which  is  usually  further  oxidized.  On  the  other  hand,  it  is  possible  that 
it  is  usually  formed  only  in  small  amounts,  and  that  nori  lally  most  of 
the  oxidation  goes  either  directly  from  the  quinonoid  to  the  further  de- 
composition of  the  tyrosine  and  relatively  little  is  first  carried  over  to 
homogentisic  acid,  or  it  does  not  go  through  the  quinonoid  form  at  all. 
Dakin  found  that  when  para-methyl-phenyl  alanine  and  para-methoxy- 

-phenyl  alanine  were  administered  to  alcaptonurics  they  did  not  go  over 
into  homogentisic-acid  derivatives,  but  were  completely  oxidized.  These 
substances  cannot  form  the  quinonoid  intermediate  products.  From  this 
it  would  appear  more  probable  that  the  quinonoid  form  was  not  usually 
gone  through  in  the  oxidation  of  tyrosine,  but  that  most  of  the  oxidation 
went  directly  from  the  dihydroxy  acid. 

Formation    of    acetoacetic    acid.      Acetoacetic    acid,    CH3.CO.CH2. 
COOH,  is  formed  by  the  oxidation  of  butyric  acid  and  is  nearly  the  final 

;  stage  in  the  oxidation  of  the  fatty  acids.  It  is  a  substance  of  very  great 
interest  because  of  its  appearance  in  the  urine  in  diabetes  and  under 
various  other  circumstances.  It  is  also  a  very  reactive  substance  arid 
acetoacetic  esters  form  the  starting  point  of  some  of  the  most  funda- 
mental syntheses  of  organic  chemistry.  It  is  extremely  interesting  that 
acetoacetic  acid  is  produced,  also,  from  the  proteins  and  from  several 
amino-acids.  It  has  been  shown  by  Dakin  to  be  formed  by  the  oxida- 
tion of  tyrosine  and  phenyl  alanine.     In  this  case  two  of  the  carbons 
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of  the  acetoacetie  acid  are  derived  from  the  benzene  nucleus  of  the 
aromatic  acids.  The  researches  of  Jaff6  show  that  when  benzene  is 
given  to  dogs  small  amounts  of  muconie  acid  may  be  isolated  from  the 
urine,  thus  showing  that  the  benzene  ring  is  broken  in  the  course  of 
metabolism.    The  reaction  is  as  follows: 


CH 

^\ 

HO  CH 

I  II 

HC  OH 

%   / 

CH 

Benzene. 


HOOC 
Hi 


COOH 
^CH 


CH 
Muconie  acid. 


CH 


Dakin    gives  the  following  scheme  for  the  possible  formation  of 
acetoacetie  acid  from  phenyl  alanine: 


COOH 


COOH 


COOH 


CHNH 


OH. 
C 

/\ 

HC  CH 

II  I 

HC  CH 


CO 


CH 


C 

/•^ 

HC  CH 

II  I 

HC  CH 

\  ^ 

CH 


Phenylalanine.      Phenylpyruvic  acid. 


CO 

I 
OH. 

c  = 

I 

CH 

II    ■■ 
CH 

I 
CH 


COOH 

I 
CH. 

c  = 

I 

CH 

•II 

CH 

I 
CH 


COOH 
I 

CO 

I 

CH 


Acetoacetie  acid. 
CO. 


CH 

I 

HC  = 

Open  chain 

phenylpyruvic 

acid. 


CH 


HC  = 


H.o 


The  formation  of  acetoacetie  acid  from  histidine  has  already  been 
mentioned. 

Decomposition  of  arginine.  The  easiest  and  most  direct  decomposi- 
tion of  arginine  is  the  splitting  off  of  urea  from  it  by  the  action  of  the 
enzyme,  arginase,  found  in  the  liver  and  various  other  tissues  by  Kossel 
and  Dakin: 


NH  — C— NH— CH  — CH  —  CH  —CHNH  —COOH  -f-  H  0- 

9  2  2*^  2  I  a 


NH 


Arginine. 


CO(NH  )    +NH  CH— CH —CH— CHNH— COOH 


2'2 

Urea. 


Ornithine. 
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The  further  fate  of  the  ornithine  and  the  arginine  is  unknown.  The 
possibility  that  creatine  may  result  from  the  intermediate  formation 
of  guanidine  butyric  acid  has  already  been  discussed  on  page  716 
in  connection  with  the  origin  of  creatine.  There  is  no  satisfactory  evi- 
dence that  arginine  forms  creatine  in  this  way  in  the  body,  although 
it  is  not  improbable.  The  further  fate  of  this  most  interesting  sub- 
stance should  be  studied.  Its  close  relation  to  the  cell  nucleus  in 
protamine  makes  its  fate  of  particular  interest.  In  the  urine  of  some 
people  having  an  abnormal  secretion  of  cystine,  in  cystinuria,  Bau- 
mann  found  unusual  quantities  of  the  ptomaines,  cadaverme  and 
putrescine.  These  bodies  almost  certainly  come  from  the  amino-acids 
lysine,  arginine  and  ornithine  by  a  process  of  decarboxylization : 

NH  .CH  .CH  .CH  .CH  .CHNH  .COOH ►  NH  OH  .CH  .  CH  .CH  .CH  KH,  +  CO 

22222  2  2222222*2 

Lysine .  Pentamethylenediamine 

(Cadaverine). 
NH  CH  .CH  .  CH  .CH  NH  .COOH  — ►  NH  .CH  .CH  .  CH  .CH  NH       +    CO 

2222  2  222222*^2 

Ornithine.  Xetramethylenediamine 

(Putrescine). 

It  is  unlikely  that  more  than  a  small  part  of  the  arginine  or  lysine  decom- 
position normally  takes  this  direction. 

Sulphur  metabolism  of  the  body. — Decomposition  of  cystine.  While 
the  attention  of  physiologists  and  physiological  chemists  has  been  directed 
in  the  main  to  nitrogen  in  connection  with  protein  metabolism,  the 
possible  role  of  sulphur  which  makes  a  part,  albeit  but  a  small  part, 
of  the  protein  molecule  has  of  recent  years  come  more  into  the  fore- 
ground. Nearly  all  the  proteins  of  the  body,  both  the  living  proteins 
and  those  of  the  circulating  liquids,  contain  a  small  amount  of  sulphur 
and  this  sulphur  is  in  an  unoxidized  form.  It  is  in  the  form  of  sulphide 
sulphur.  Most  proteins  contain  from  1-2  per  cent,  of  this  sulphur.  It 
occurs  in  the  protein  molecule  either  in  cystine  or  cysteine  and  possibly 
in  some  other  similar  acids,  although  no  others  have  been  positively 
identified. 

The  sulphur  income  of  the  body  is  almost  altogether  in  the  form 
of  the  sulphur  of  the  proteins.  Some  of  the  foods,  indeed  the  majority 
of  them,  contain  small  amounts  of  sulphates,  but  these  sulphates  do 
not,  so  far  as  we  knoWj  enter  into  the  living  matter  of  the  body,  although 
in  small  amounts  they  are  to  be  found  there.  The  per  cent,  of  sulphate" 
in  the  blood  and  tissues  is  small.  It  is  not  certain  that  sulphur  taken 
in  the  form  of  sulphate  is  reduced  in  the  body.  It  is  more  probable  that 
it  remains  oxidized  and  while  it  may  contribute  something  to  the  forma- 
tion of  the  paired  sulphates  of  the  urine,  even  this  is  uncertain.  There 
is  taken  on  the  average  about  110  grams  of  protein  per  day.     In 
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til  is  protein,  sulphur  makes  about  1.2  per  cent.  This  would  mean 
1.32  grams  of  sulphur  income  per  day  in  the  form  of  unoxidized 
sulphur. 

Sulphur  leaves  the  body  for  the  most  part  in  the  form  of  oxidized 
sulphur.  The  amount  of  sulphuric  acid  excreted  per  day  is  about  2.5 
grams.  This  is  excreted  as  the  sodium  or  potassium  salt,  principally  the 
first.  About  two-thirds  of  the  sulphur  leaves  in  this  form.  The  other 
one-third  is  excreted  for  the  most  part  as  so-called  neutral  sulphur  in  the 
form  of  conjugated  sulphates,  being  united  with  indole,  scatole,  cresol, 
or  phenol,  as  the  case  may  be.  There  is  also  present  a  small  amount 
of  unoxidized  sulphur,  consisting  of  cystine,  or  polypeptides  containing 
cystine,  or  some  other  sulphur  compound. 

In  the  intermediary  metabolism  of  the  body,  that  is  the  metabolism 
of  the  tissue,  sulphur  probably  plays  a  very  important  role.  This  is 
shown  not  only  by  the  fact  that  it  is  absolutely  necessary  for  the  con- 
tinued existence  of  the  body,  as  necessary  as  nitrogen  or  any  of  the 
other  elements,  but  also  by  the  fact  that  it  is  one  of  the  most  labile  ele- 
ments of  the  protein  molecule.  No  other  element  is  split  off  from  the 
proteins  with  greater  ease  than  this.  It  is,  indeed,  the  labile  element 
par  excellence.  Moreover  cysteine,  which  is  one  of  the  amino-acids, 
readily  oxidizes  itself.  It  is  a  reducing  body.  It  oxidizes  spontane- 
ously and  there  are  many  points  in  its  oxidation  which  strongly 
resemble  the  processes  of  respiration.  Thus  the  most  favorable  concen- 
tration of  hydrogen  ions  for  the  oxidation  of  cysteine  is  the  same  as  that 
in  protoplasm ;  both  cysteine  and  protoplasm  are  poisoned  by  many  of 
the  same  substances,  such  as  the  nitriles,  the  cyanides,  acids,  and  the 
heavy  metals;  their  oxidations  are  catalyzed  or  hastened  in  the  same 
manner  by  iron,  arsenic  and  some  other  agents.  For  these  reasons  it  has 
been  suggested  by  Hefter  and  -the  author  that  there  is  more  than  a 
superficial  connection  between  the  oxidation  of  cysteine  and  the  respi- 
ration of  the  cell. 

If  we  try  to  follow  the  course  of  the  absorbed  protein  sulphur 
through  the  body,  we  find  that  the  fate  of  the  cystine  set  free  from 
the  proteins  by  the  digestive  action  of  trypsin  and  erepsin  is  not  known 
in  all  its  details.  Some  is  decomposed  by  the  bacteria  of  the  alimentary 
tract,  forming  hydrogen  sulphide,  a  toxic  and  ill-smelling  gas,  which, 
when  absorbed  in  quantities,  dissolves  red  blood  corpuscles  and  con- 
tributes, no  doubt,  to  anemia;  some  cystine  is  probably  absorbed  as 
such.  In  the  liver  there  is  a  quantity  of  taurine  in  taurocholic  acid. 
Taurine  is  produced  from  cystine,  or  rather  from  cysteine,  by  a  car- 
boxylic  decomposition.  Perhaps  thioethyl  amine  may  be  formed  first 
and  then  the  sulphur  oxidized  to  sulphuric  acid,  or  oxidation  may  oecui 
first  and  decarboxilation  second. 
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HS— CHjj— CHNH^— COOH    — ►    HS— CH^— CH^NH^     +     CO^^ 
Cysteine.  Thioethyl  amine. 

HS— CH^— CHNH^— COOH     +    30 HO^S— CH^— CHNH^— COOH 

Cysteine. 
HO  8— CH  — CHNH  — COOH ►  HO  S— CH„— CH„NH.     +    CO, 

S2  2  322S'2 

Taurine. 

A  portion  of  the  cysteine  probably  passes  the  liver  and  is  picked  out 
by  the  tissues  of  the  body.  It  must  circulate  in  the  blood  as  cystine, 
since  it  would  at  once  be  converted  to  cystine  by  the  oxygen  of  the  blood. 
When  it  enters  the  cells  of  the  tissues  it  is  probably,  in  part,  built  up 
into  the  proteins  of  the  tissue :  in  part  it  is  probably  carried  over  into 
taurine  since  taurine  is  found  in  a  great  variety  of  tissues.  Taurine  is 
an  abundant  constituent  of  the  extractives  of  moUuscan  muscle,  particu- 
larly of  the  muscles  of  cephalopods ;  it  is  found  also  in  the  mammalian 
brain  and  indeed  there  are  few  tissues  without  some.  Whether  all  the 
decomposition  of  cystine  takes  place  through  taurine  is  unknown. 
Possibly  a  deaminization  may  occur,  leading  to  a  ketonic  acid,  but  no 
such  compound  has  as  yet  been  found.  When  cyanides  or  nitriles  are 
given  to  mammals  they  appear  in  the  urine  in  the  form  of  sulpho- 
cyanates,  from  which  it  may  be  inferred  that  they  unite  in  the  cell 
with  the  unoxidized  sulphur,  which  in  some  way  they  cause  to  be  de- 
tached. This  union  with  sulphur  does  not  seem  to  occur  in  birds.  From 
the  fact  that  the  cyanides  have  such  a  remarkable  inhibiting  effect  on 
respiration  it  has  been  inferred  by  some  that  sulphur  must  be  very 
important  in  respiration. 

It  occasionally  happens  that  some  individuals  excrete  more  cystine 
than  normal.  They  have  a  eystinuria.  This  cystine  comes  from  the 
tissues  of  the  body,  since  cystine  given  in  the  food  does  not  increase  the 
amount  excreted  under  such  conditions.  The  cause  of  this  metabolic 
anomaly  is  still  completely  unknown,  but  it  may  be  due  to  a  great 
hydrolysis  of  some  of  the  proteins  of  the  body,  since  there  often  are 
found  in  such  cases  more  than  the  normal  amounts  of  the  other  amino- 
acids,  such  as  tyrosine  and  leucine,  and  since  the  bases,  cadaverine  and 
putrescine,  may  occur  in  the  urine  at  that  time. 

Cystine  was  first  discovered,  as  its  name  implies  {kystis,  bladder)  in 
bladder  stones,  which  often  contain  cystine  or  are  composed  of  it.  The 
meaning  of  the  excretion  of  this  substance  was  long  obscure  and  it  is 
worth  while  to  examine  how  information  was  obtained  that  cystine  was 
a  normal  product  of  the  body  metabolism,  since  the  method  employed 
for  the  solution  of  the  problem  was  a  general  one  and  often  used  for 
the  solution  of  similar  problems.  The  question  was  whether  the  cystine 
which  appeared  at  times  in  the  urine  was  a  normal  constituent  of  the 
body  metabolism,  usually  present  in  very  small  amounts,  but  now  in- 
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creased,  or  whether  it  represented  a  wholly  new  and  strange  metabolism. 
This  problem  was  settled  by  Baumann,  who  at  the  same  time  introduced 
a  very  valuable  method  for  the  study  of  the  intermediary  metabolism 
of  the  body. 

In  the  course  of  metabolism  many  substances  of  a  very  unstable 
nature  are  produced.  They  have  a  very  temporary  existence,  since, 
being  unstable,  they  are  normally  quickly  oxidized  and  we  can  only 
guess  at  their  existence,  or  infer  from  general  principles  that  they 
may  be  formed.  Now  it  is  exactly  these  intermediary  substances  which 
are  of  the  greatest  importance  in  metabolism.  Prom  one  such  substance 
it  is  often  possible  by  taking  slightly  different  courses  to  go  to  several 
different  end  products;  and  we  must  know  what  these  substances  are 
in  order  to  understand  the  nature  of  the  metabolism  of  any  single  sub- 
stance. One  way  of  finding  out  what  these  substances  are  is  by  com- 
bining them  with  something  so  as  to  make  them  stable  and  thus  cause 
them  to  escape,  or  to  pass  unscathed  through  the  fire  of  metabolism, 
coming  like  Shadrach,  Meshach  and  Abednego  to  testify  to  the  truth  or 
falsity  of  our  faith.  Baumann  discovered  that  cysteine  was  such  an 
intermediary  metabolic  product.  He  found  that  when  bromo-  or  ehloro- 
benzene  was  given  to  dogs  there  appeared  in  the  urine  a  very  remark- 
able complex,  namely,  bromo-phenyl-mercapturic-glyeuronie  acid.  In 
this  complex  was  cysteine.     The  composition  of  this  mercapturie  acid 

was  as  follows : 

BrH  C  — S— CH,— CH— COOH 

NH— CO— CHj 
Bromophenylmercapturic  acid 
(BromophenylacetylcyBteine) . 

The  bromphenyl  had  united  with  the  sulphur  of  a  sulphur  complex 
which  was  acetylated  and  appeared  then  conjugated  with  glycuronic 
acid.  Here  we  have,  in  this  complex,  three  substances  of  intermediary 
metabolism:  cysteine,  acetic  acid  and  glycuronic  acid.  The  acetylation 
has  already  been  discussed.  It  may  come  from  the  union  of  am- 
monia with  a  molecule  of  pyruvic  acid  and  possibly  a  molecule  of  the 
ketone  acid,  corresponding  to  cysteine,  namely: 

HS— OH,— CO— COOH 
Thiopyruvio  acid. 

The  reaction  might  take  this  course: 

HS— CH,— CO— COOH  HS— CH^— OH— COOH 

-f  I 

NH  =  NH  +    CO  +H0 

-r  I 

CH  CO— COOH  CO— CH 
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This  discovery  proved  that  cysteine,  which  did  not  appear  at  all  in  dog's 
urine,  or  was  not  recognized  at  that  time,  but  which  did  appear  as  cystine 
in  certain  cases,  was  a  normal  intermediary  product  of  metabolism. 

We  do  not  know  the  method  of  the  decomposition  of  cystine  in 
the  metabolism  of  the  various  tissues.  Is  the  sulphur  of  cysteine 
oxidized  while  the  latter  is  still  a  component  of  the  protein  molecule, 
giving  a  sulphuric-acid  group  attached  to  the  protein?  Can  it  be  for 
this  reason  that  so  small  a  proportion  of  the  total  sulphur  of  most  pro- 
teins is  to  be  recovered  in  the  form  of  cysteine?  (See  page  151.)  Is  the 
sulphur  split  off  as  sulphureted  hydrogen,  which  is  later  oxidized  to 
sulphuric  acid,  the  cysteine  persisting  as  serine  ?  Or  is  the  cysteine  split 
out  of  the  protein  molecule  by  the  action  of  autolytie  enzymes,  then 
losing  carbon  dioxide  and  with  the  sulphur  oxidized  to  sulphuric  acid, 
giving  taurine?  These  questions  are  not  yet  answered.  One  thing  at 
least  is  certain,  namely,  that  in  human  beings  most  of  the  sulphur  is 
oxidized  to  sulphuric  acid  before  its  excretion,  four-fifths  of  it  at  least 
leaving  the  body  in  the  oxidized  form.  It  is,  in  fact,  in  large  measure 
owing  to  the  sulphuric  acid  formed  in  the  course  of  protein  oxidation  that 
the  urine  of  carnivorous  animals  is  acid  in  reaction.  Moreover,  this  oxi- 
dation takes  place  anywhere  in  the  tissues. 

The  excretion  of  sulphuric  acid  is  largest  on  a  meat  diet  and 
the  proportion  of  oxidized  sulphur  is  also  largest.  The  excretion  of 
sulphur  on  a  cream  and  starch  diet  is  much  reduced  and  its  dis- 
tribution in  the  urine  is  changed,  a  larger  proportion  appearing  as 
unoxidized  sulphur.  This  would  indicate  that  cysteine  or  cystine  of 
the  diet  is  either  largely  decomposed  in  the  alimentary  canal, 
or  that  a  great  proportion  of  it  is  changed  in  the  liver  to  taurine  or 
sulphuric  acid;  whereas  that  set  free  in  the  tissues  is  relatively  less 
oxidized  and  hence  more  of  it  escapes  in  the  urine. 

The  sulphur  compounds  are  often  ill-smelling.  The  active  principle 
of  the  odoriferous  gland  of  the  skunk  is  n-butyl  mercaptane,  C^IIgSH. 
Ethyl  sulphide  is  found  in  dog's  urine.  Its  origin  is  unknown.  Neu- 
bauer  observed  that  on  feeding  ethyl  sulphide  to  dogs  it  was  methylated 
and  excreted  as  diethylmethyl-sulphonium  hydrate,  CHg — SOH=: 
(02115)2.  Allyl  sulphide  and  other  unoxidized  sulphur-containing  com- 
pounds are  found  in  mustard  oil  and  in  many  other  plants,  i.e.,  oil  of 
garlic.  Ethyl  mercaptane,  OjHjSH,  smells  very  bad,  but  the  diethyl 
sulphide,  when  pure,  has  an  ethereal  odor.  When  impure  its  odor  is 
disagreeable.  The  source  of  these  compounds  in  animal  metabolism  is 
still  uncertain.  Presumably  they  are  derivatives  of  cysteine.  When 
sulphur  is  thus  combined  with  alkyl  radicles  it  has  a  strongly  basic 
character,  so  that  diethylmethyl-sulphonium  hydrate,  just  mentioned,  is 
a  strong  base. 
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H   H    H    H 

O.H„\  I      I      I      I 

S  H— 0— C— C— C— SH 

oh/  I     I     I     I 

Ethyl  sulphide.  H   H    H    H 

N-butyl  mercaptane. 

In  dogs  a  great  part  of  the  sulphur  fed  as  cystine  appears  in  the 
urine  as  sulphuric  acid,  but  a  part  also,  as  thiosulphate,  which  indicates 
that    thiosulphuric    acid,    HS — S — OH,    is    an    intermediate    product. 

//W 

0    0 

This  is  confirmed  by  the  fact  that  in  rabbits  taurine,  taken  by  the 
mouth,  appears,  for  the  most  part,  as  thiosulphate  in  the  urine.  In 
human  beings  taurine  is  excreted  in  part  as  taurocarbamic  acid. 

OH 

NH„— CO— NH— OH  — CH  — S  =  O 

O 

Taurocarbamic  acid. 
This  is  another  example  of  the  carbamino  reaction  in  the  body.  The 
formation  of  thiosulphuric  acid  would  require  a  reduction.  It  is  not 
improbable  that  it  is  this  thio  acid  which  unites  with  the  cyanides  and 
nitriles  in  mammals  to  form  sulphocyanates.  Many  bacteria,  the  so- 
called  sulphur  bacteria,  have  the  power  of  reducing  sulphates  to  sul- 
phides. Nothing  appears  to  be  known  about  the  sulphur  metabolism 
of  birds. 

Ethereal  sulphates.  The  quantity  of  ethereal  sulphate  in  the  urine  of 
men  in  24  hours  is  widely  variable,  v.  d.  Welden  gives  the  limits  of 
0.094-0.620  gram.  Sulphuric  acid  is  used  by  the  organism  to  pair  with, 
and  thus  render  less  toxic,  various  aromatic  decomposition  products, 
most  of  them  intestinal  putrefactive  products  of  the  proteins.  These 
compounds  are  called  ethereal,  or  conjugated  sulphates.  They  are  in 
reality  esters  of  phenol,  cresol,  paracresol,  scatole  and  indole.  All  of 
these  are  the  products  of  the  putrefactive  decomposition  of  tyrosine, 
tryptophane  and  phenyl  alanine,  and  since  this  putrefaction  takes  place 
generally  in  the  intestine  the  amount  of  the  conjugated  sulphates,  or  the 
amount  of  ethereal  sulphuric  acid,  is  an  indication,  although  not  a  very 
good  one,  of  the  degree  of  intestinal  putrefaction.  The  putrefaction 
may,  however,  take  place  elsewhere  in  the  body,  and  putrefying  and 
decomposing  pus  in  old  abscesses  will  also  cause  an  increase  in  these 
bodies  in  the  urine. 

On  the  other  hand,  the  elimination  of  ethereal  sulphate  can  be 
greatly  reduced  by  giving  calomel  or  by  reducing  the  protein  diet,  or  by 
any  other  method  which  reduces  intestinal  putrefaction.  Some  proteins, 
for  example  casein,  contain  a  great  deal  more  tryptophane  than  others, 
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SO  that  the  amount  of  ethereal  sulphate  will  depend,  too,  on  the  char- 
acter of  the  protein  of  the  food,  as  well  as  upon  its  amount. 

Benzene  is  itself  a  nearly  inert  substance,  but  by  oxidation  in  the 
body  it  is  converted  into  the  reactive,  unstable,  toxic,  convulsant  phenol 
Of  carbolic  acid.  Fortunately  phenol  pairs  very  readily  with  sulphuric 
acid.  In  the  human  organism  it  appears  to  encounter  most  frequently 
sulphuric  and  glycuronic  acids,  with  which  it  unites  to  form  a  non- 
toxic stable  compound  eliminated  in  the  urine.  The  place  in  which  this 
pairing  occurs  is  probably  the  liver. 

Synthesis  of  amino-acids  in  the  animal  body. — ^AU  plants  have 
the  power  of  synthesizing  the  amino-acids  from  ammonia  and  the 
products  of  carbohydrate  fermentation.  Have  animal  cells  the  same 
power  or  must  they  be  fed  on  amino-acids  already  formed?  This  is 
obviously  a  very  important  question.  A  few  years  ago  it  was  be- 
lieved that  animal  cells  differed  from  plant  primarily  in  their  powers 
of  synthesis,  animal  cells  being  chiefly  catabolic  and  plant  cells  anabolic. 
Further  experience  has  served  to  correct  that  view.  We  now  know  that 
animal  cells  are  able  to  synthesize  carbohydrates  from  very  simple  sub- 
stances, possibly  even  from  formaldehyde,  and  almost  certainly  from 
glycolaldehyde ;  they  can  make  fats  from  carbohydrates;  nucleic  acid 
from  non-nuclein  material ;  and  in  fact  bring  about  a  great  many  other 
syntheses  so  that  animal  cells  certainly  lack  little  of  the  powers  of  syn- 
thesis possessed  by  plants.  Nevertheless  the  great  fact  remains  that 
plants  are  able  to  nourish  themselves  from  very  simple  sources  of  nitro- 
gen, such  as  ammonia  and  nitrates  or  asparagine,  whereas  animals 
require,  or  at  any  rate  eat,  ready-made  proteins.  It  may  be  observed, 
in  passing,  that  the  synthetic  power  of  plants  does  not  depend  directly 
upon  chlorophyll  or  light,  since  moulds  and  bacteria  are  able  to  construct 
their  own  particular  kinds  of  proteins,  which  possess  all  the  various 
sorts  of  amino-acids,  from  a  single  source  of  nitrogen,  such  as  asparagine, 
if  they  at  the  same  time  have  carbohydrate  food.  These  plants  contain 
no  chlorophyll.  The  problem  of  how  far  animals  have  the  power  of 
making  amino-acids  has  been  attacked  in  various  ways.  Experiment 
has  shown  that  at  least  glycocoll  can  be  synthesized  in  large  amounts 
in  the  animal  body.  If  benzoic  acid  is  fed  mammals  it  leaves  the  body 
chiefly  in  the  form  of  hippuric  acid,  having  united  with  glycocoll  some- 
where in  the  body.  It  has  been  found  by  giving  large  amounts  of  benzoic 
acid  that  herbivora  have  the  power  of  supplying  glycocoll  in  far  larger 
amount  than  is  present  in  the  proteins  of  the  body.  The  solution  of  the 
question  whether  the  other  amino-acids  can  be  formed  has  been  sought 
by  feeding  proteins  which  lack  some  specific  amino-acid.  These  experi- 
ments have  generally  been  tried  on  young  rats,  since  these  animals  grow 
very  rapidly  and  are  easy  to  keep.    It  was  found  by  Hopkins,  and  Men- 
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del  and  Osborne,  that  yonng  vats  would  grow  and  develop  normally  when 
fed  on  a  ration  of  butter  fat,  lard,  some  carbohydrate,  such  salts  as  are 
present  in  milk,  and  with  a  single  pure  protein  added,  provided  that  pro- 
tein had  in  it  the  various  amino-acids  found  in  the  body.  Thus  casein, 
edestin,  serum  albumin,  were  each  sufficient  to  supply  the  protein  needs. 
But  if  zein  was  the  only  protein  in  the  diet,  then  the  rats  would  not  con- 
tinue to  grow,  or  indeed  to  live  for  long.  Zein  contains  little  or  no  lysine 
and  lacks  tryptophajie.  If  these  were  added  to  the  zein,  then  the  diet 
became  sufficient.  "We  have  already  seen  that  gelatin  is  not  in  itself 
able  to  supply  the  whole  of  the  protein  requirement  of  the  human  body, 
and  gelatin  lacks  both  tyrosine  and  tryptophane.  It  was  found  also 
in  the  course  of  the  experimentation  that  the  amount  of  protein  which 
it  was  necessary  to  add  to  the  diet  for  the  purposes  of  maintenance  of 
the  body  weight  or  growth  differed  in  different  proteins.  The  minimum 
amount  necessary  appeared  to  be  determined  by  the  amount  of  some 
amino-acid  which  was  required  by  the  body  and  which  was  present  in 
small  amounts.  In  some  proteins  it  was  cystine  which  set  the  minimum ; 
it  was  necessary  to  supply  a  certain  amount  of  cystine  per  day  and 
enough  protein  had  to  be  fed  to  supply  this  amount,  of  cystine.  This 
emphasizes  the  point,  made  some  time  ago,  that  it  is  not  protein  as  such 
but  amino-acids  which  the  body  requires.  It  appears  from  these  experi- 
ments that  these  animals,  at  any  rate,  cannot  make  sufficient  tryptophane, 
tyrosine,  lysine  and  cystine  to  supply  their  needs,  but  that  these  amino- 
aeids  must  be  present  in  the  diet.  This  important  field  of  investigation 
has  just  been  opened  and  much  more  work  must  be  done  before  we 
shall  know  how  far  different  animals  can  synthesize  different  amino- 
acids.  It  is  possible  that  the  bacteria  in  the  intestine  may  be  playing  a 
very  important  part  in  this  process ;  they  can  synthesize  many  different 
amino-acids  from  a  single  one.  By  digestion  these  amino-acids  might  be 
set  free  and  made  available  to  the  body,  and  thus  the  bacteria  might  be 
of  considerable  use  to  us.  Perhaps  the  preliminary  transformation  of 
some  of  the  amino-acids  to  amines  by  the  intestinal  bacteria  may  also  be 
of  value  in  the  formation  of  certain  hormones. 

The  formation  of  amino-acids  from  ketonic  acids.  A  very  funda- 
mental fact  was  discovered  by  Knoop.  Not  only  have  animals  the 
power  of  converting  amino-acids  into  ketonic  acids,  and  some  of  these 
latter  into  carbohydrates  and  indirectly  into  fats,  but  the  reverse  process 
is  also  possible.  Out  of  carbohydrates  ketonic  acids  are  formed  and 
the  ammonia  salts  of  these  acids  may,  in  some  instances  at  any  rate,  be 
converted  into  amino-acids  by  reduction.  Thus  from  ammonia  and 
carbohydrate  the  body  may  have  the  power  of  making  its  proteins.  It 
is  not  by  any  means  possible,  however,  to  cover  all  its  protein  needs  by 
this  reaction  and  it  is  doubtful  how  extensive  this  process  may  be  in 
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the  animal  body.  There  is  no  doubt  that  the  liver,  and  possibly  other 
tissues  as  well,  may  carry  out  this  synthesis  which  occurs  probably  in 
nearly  all  plant  tissues. 

The  reaction  is  the  reverse  of  that  for  the  formation  of  ketonic  acids 
and  probably  goes  through  the  imino  stage : 
CH  — CO— COOH  4-  NH    —    CH  — C— COOH  +  H  O  CH  — CHNH  — COOH 

3  '  S  3  '2_3  2 

II  +H, 

NH 
Pyruvic  acid.  Iminopropionic. 

This  reaction  being  a  reduction  reaction  consumes  energy,  it  is  endo- 
thermic.  It  may  occur  by  the  utilization  of  some  of  the  energy  set  free 
by  the  oxidation  of  the  system  of  which  it  is  part.  Another  way  in  which 
the  reaction  might  go  is  by  means  of  acetylation.  It  will  be  recalled 
that  when  brombenzol  is  given  dogs  it  is  excreted  in  part  as  an  acety- 
lated  derivative  of  cysteine  and  glycuronic  acid.  Acetylation  of  amino- 
acids  is  not  unusual  in  the  animal  body.  Knoop  found  that  the  phenyl- 
a-ketobutyric  acid  was  excreted  as  the  acetylated-amino-butyric  acid.  It 
has  been  suggested  (Knoop)  that  the  acetylation  is  brought  about  by  a 
process  analogous  to  the  Canizzaro  reaction.  If  pyruvic  acid  and 
ammonium  carbonate  interact  there  is  a  rise  of  temperature,  the  whole 
reaction  is  exothermic  and  acetylalanine  and  CO2  are  produced. 

CH„— CO— COOH  CH,— CH— COOH 

3 3 

+NH3       I 

CHg_CO— COOH  NH  +    CO^+H^O 

Pyruvic  acid.  | 

CH.— CO 

3 
Acetyl  alanine. 

It  is  not  improbable  that  the  acetylations  in  the  body  are  thus  produced 
from  pyruvic  acid  and  ammonia.  In  this  case  it  will  be  noticed  that  one 
molecule  of  pyruvic  acid  is  oxidized  by  the  other.  The  total  energy  of 
the  system  is  reduced,  but  the  energy  of  one  molecule  of  alanine  is 
greater  than  of  one  molecule  of  pyruvic  acid.  It  is  clear  from  this 
that  the  amount  of  energy  set  free  by  the  splitting  off  by  oxidation  of 
one  carboxyl  from  the  chain  of  carbon  atoms  is  greater  than  the  amount 
set  free  by  the  formation  of  the  ketonic  acid  by  oxidation  from  the 
amino-acid. 

REFERENCES.    Books. 

Cathcart :  The  Physiology  of  Protein.  Metabolism.    Monographs  on  Biochemistry,  1912, 
Dakin:   Oxidations   and  Reductions   in   the   Animal   Body.     Monographs   on   Bio- 
chemistry.    London,   1912. 
Leathes:  Problems  in  Animal  Metabolism.     Philadelphia,  1906. 
Lusle:  Science  of  Nutrition,     2d  edition. 
Fletoher:  The  A,  B,  Z  of  Digestion. 


PROTEIN   METABOLISM    OF   THE    BODY  825 

Comoro:  The  Art  of  Living  Long.    Translation.    Milwaukee. 
Chittenden:  Physiological  Economy  in  Nutrition.     1905. 
Voit:  Hermann's  Handbuch  der  Physiologie,  VII,  Leipzig,  1881. 
Rubner:  Die  Gesetze  des  Energieverbrauehs  bei  der  Ernahrung.    Berlin,  1902. 
Mendel:  Theorien  des  Eiweissstoffwechsels  nebst  einigen  praktischen  Konsequenzen 
derselben.    Ergeb.  d.  Physiol.,  11,  pp.  418-525,  1911. 

1.  Abderlialden  and  Steinheok:  ^yeitere  Untersuchungen  fiber  die  Verwandbarkeit 

der  Seidenpeptone  zum  Nachweis  peptolytische  Ferments.  Zeit.  physiol. 
Chem.,  68,  p.  312,  1910. 

2.  Alderhalden,  Einteoh  and  Schmidt:  Studien  fiber  den  Abbau  des  Histidine  im 

Organismus  des  Hundes.     Zeit.  physiol.  Chem.,  68,  p.  395,  1910. 

3.  Abderhalden  and  Suwa:  Weiterer  Beitrag  zur  Frage  nach  der  Verwertung  von 

tief  abgebauten  Biweiss  im  tierischen  Organismus.  Zeit.  physiol.  Chem., 
68,  p.  416,  1910. 

4.  Aiderhalden   and  Pincussohn:    Serologische   Studien   mit  Hilfe   der   optischen 

Methode.    Zeit.  physiol.  Chem.,  64,  p.  100,  1910;  ibid.,  66,  p.  88,  1910. 

5.  Abderhalden  and  Frank:  Weiterer  Beitrag  zur  Frage  n.  d.  Verwertung  v.  tief 

abgebauten  Eiweiss  im  tierischen  Organismus.  Zeit.  physiol.  Chem.,  64, 
1910,   p.    158. 

6.  Abderhalden  and  Rona:  Ibid.,  Zeit.  physiol.  Chem.,  67,  p.  405,  1910. 

7.  Abderhalden   and   Massuri:  Ueber   das  Verhalten   von   mono-palmytyl-1-tyrosin, 

distearyl-1-tyrosin  und  p-amino  tyrosin  im  Organismus  des  Alkaptonnrikers. 
Zeit.  physiol.  Chem.,  66,  p.  138,  1910. 

8.  Abderhalden  et  al.:  Weitere  Studien  fiber  die  Verwertung  verschiedener  Amino- 

sauren  im  Organismus  des  Hundes  unter  verschiedener  Bedingungen.  Zeit. 
physiol.  Chem.,  74,  p.  481,  1911. 

9.  Abderhalden  and  Lamp4:  Weiterer  Beitrag  zur  Frage  nach  der  Vertretbarkeit 

von  Eiweiss  resp.  einem  vollwertigen  Aminosauregemisehe  durch  Gelatine  u. 
Ammonsalze.    Zeit.  physiol.  Chem.,  80,  p.  160,  1912. 

10.  Abderhalden:    Anaphylactic    reaction    with    a    synthetic    polypeptide.     Zeit. 

physiol.  Chem.,  81,  p.  322,  1912. 

11.  Abderhalden    and    Birsch:    Fortgesetzte    Versuohe    den    Eiweiss    bedarf    des 

Hundes  durch  Ammonsalze  u.  ferner  durch  einzelne  Aminosauren  ganz  oder 
teilweise  zu  decken.     Zeit.  physiol.  Chem.,  80,  1912,  p.  136. 

12.  Abderhalden:  Weiterer  Beitrag  zur  Frage  nach  der  Verwertung  von  tief  abge- 

bauten Eiweiss  im  tierischen  Organismus.  Zeit.  physiol.  Chem.,  57,  p.  348, 
1908;  same  title,  ibid.,  61,  p.  194,  1909;  44,  1905,  p.  198;  51,  p.  226,  1907;  52, 
p.  507,  1907;  with  London:  ibid.,  54,  p.  80,  1907;  with  Messner  and 
Windrath:  ibid.,  59,  p.  35,  1909;  with  Frank  and  Sehittenhelm :  ibid.,  63, 
p.  215,  1909. 

13.  Abderhalden:  Zur  Frage  des  Albumosengehaltes  des  Blutes  und  speziell  des 

Plasmas.  Biochem.  Ztschrft.,  8,  1908,  p.  360.  See  also  Zeit.  physiol.  Chem., 
42,  1904,  p.  155. 

14.  Abderhalden  and  Rona:  Die  Zusammensetzung  des  "Eweiss"  von  Aspergillus 

niger  bei  verschiedener  Stickstoffquelle.  Zeit.  physiol.  Chem.,  46,  p.  179, 
1905. 

15.  Abderhalden  and  Sehittenhelm:  Studien  fiber  den  Abbau  racemischer  Amino- 

sauren im  Organismus  des  Hundes  unter  verschiedener  Bedingungen.  Zeit 
physiol.  Chem.,  51,  p.  323,  1907. 

16.  Abderhalden  am,d,  Block:   Protein   metabolism   of   an   Alkaptonuriker:     Zeit. 

physiol.  Chem.,  53,  p.  464,  1907. 


820  PHYSIOLOGICAL   CHEMISTRY 

17.  Ahderhalden,   Bergell   and  Dorpinghaus :   Verhalten    des    KSrperemeisses   im 

Hunger.     Zelt.  physiol.  Chem.,  41,  p.  153,  1904. 

18.  Abderhalden,  Funk  and  London:  Weiterer  Beitrag  zur  Frage  nach  der  Assimilji- 

tion  des  Nahrungseiweisses  im  tierischen  Organismus.    Zeit.  physiol.  Chem.. 
51,  p.  629,  1907. 

19.  Abderhalden,  London  and  ReemUn:  Weitere  Studien   tiber  die  normale  Voi- 

dauung  der  BiweisskBrper  im  Magendarmkanal  des  Hundes.    Zeit.  physiol. 
Chem.,  58.  p.  4.S2.  1908. 
20.'    Ackermann  and  Kutscher:  Ueber  die  Aporrhegma.     Zeit.  physiol.  Chem.,  69. 
p.  265,  1910. 

21.  Ueber  ein  iieues  auf  bakteriellem  Wege  gewinnbares  Aporrhegma.    Zeit.  physiol. 

Chem.,  09,  p.  273,  1010. 

22.  Argutinsjqi :  Mtiskelarbeit  und  Stickstoffurasatz.     Arch.  f.  d.  ges.  Physiol.,  46, 

p.  fi.52.  1890. 

23.  AscoU   and    Vigano:   Zur   Kenntnis   der  Resorption   der   Eiweisskfirper.     Zeit. 

physiol.   Chpm.,   39,  p.   283,   1903. 

24.  Benedict:  The  influence  of  inanition  on  metabolism.     Carnegie  Institution  Re- 

port.  M'ashingtiin.   1907.     See  al.so  Bulletin   203,   1914. 

25.  Benedici :  The  nutritive  requirements  of  the  body.     Araer.  .Tour.  Physiol.,  16, 

p.  409.   1906. 

26.  Benedict  and  Diefendorff:  The  analysis  of  urine  in  a  starving  woman.     Amer. 

Jour.   Physiol.,   18,   p.  364,   1907. 

27.  Bergell  and  Brugsch :  Ueber  Verbindungen  von  Aminos'duren  und  Ammoniak. 

Zeit.  physiol.  Chem.,  67,  p.  97,  1910. 

28.  Bergmann  and  Langstein :  Ueber  die  Bedeutung  des  Reststickstoffs  des  Blutes 

fiir  den  EiweissatofFwechspl  unter  physiologischen  und  pathologischen  Beding- 
ungen.     Zeit.  chem.  physiol.  Pathol..  6.  p.  27.  1905. 

29.  Bickel   u.    Pawlow:    Untersuchungen    fiber   pharmakol.      Wirkung   des    p-oxy- 

phenylethylamins.     Biochcra.  Zeita.,  47,  p.  345.  1912. 

30.  Biedel  and  Winterberg:   BeitrUge  zur   Lchre  von   der  Ammoniak-entgiftenden 

Function  dor  Leber.    Arch.  f.  ges.  Physiol.,  88,  p.  140,  1902. 

31.  Billard:  Sur  la  valeur  nutritive  dea  albuminps  ftrangBres  et  sp€cifiques.    C.  R. 

Soc.  Biol.,  68.  p.  una.  1910. 

32.  Blum:  Ueber   das   Verhalten   des  p-aminophejiylalanins  beim  Alkaptonuriker. 

Zeit.  physiol.  Chem.,  67,  p.  192,  1910. 

33.  Borcha/rdt:   Ueber  das  Vorkommen  von  Nahrungsalbumosen  im  Blut  und  im 

Urin.    Zeit.  physiol.  Chem.,  57,  p.  305,  1908. 

34.  Boehw :  Ueber  den  feineren  Bau  der  Leberzellen  bei  verschiedenen  Ern3.hrungs- 

zustande.     Zeit.  Biol.,  51.  p.  409,  .1908. 

35.  Brown  and  Cathcart:  The  effect  of  work  on  the  creatine  content  of  muscle. 

Bioehem.  Jour..  4,  p.  420,  1909. 

36.  Brugsch:  Ueber  die  Rolle  des  Glykokolls  im  intermediaren  Erweissatoffwechael 

beim  Menschen.    Zent.  ges.  Physiol.  Pathol,  d.  Stoffw.,  8,  p.  529,  1907. 

37.  Brugsch    and    Hirsoh:    Gesammtstiokstoff    und    Aminos3.ureausscheidung    im 

Hunger.     Zeit.  f.  expt.  Path.  u.  Ther.,  3,  p.  638,  1906. 

38.  Burckhardt:   Beitriige  zur   Chemie   u.  Physiologic   des  Blutserums.     Arch.   f. 

expt.  Path.  u.  Phar..  16,  p.  322,  1883. 

39.  Busquet:   Contribution   a  l'#ttide   de  la  valeur  nutritive   compares   d'une  al- 

bumine  spSciflque  et  d'albumines  etrangferes  chez  la  grenouille.    C.  R.  Soa 
Biol.,  65,  p.  652,  1908. 


PEOTITTN   METABOLISM   OF   THE    BODY  827 

40.  Cnspari:  Pliysiologische  Studien  Uber  Vegetarismua.     Arch.  gea.  Physiol.,  ino. 

p.  47.%  1905. 

41.  Caihcort:   Tlie   Physiology  of  Protein  Metabolism.     Monographs   on   Biochem- 

istry.    LotidoTi.  1912.     Extensive  literature  cited  in  this. 

42.  Cathoart:    The    influence   of   carbohydrates   and   fats   on   protein    metabolism. 

Jour.  Physiol.,  .sn.  p.  .311.   1909. 
4.3.     Cathcart  and  Leathes:  On  the  absorption  of  proteins  from  the  intestine.    Jour. 
Physiol..  33,  p.  462,  1905. 

44.  Chittenden:  Physiological  Economy  in  Nutrition.     1905. 

45.  Chittenden:  The  Nutrition  of  Man,  1905. 

46.  Cohn:   Zur   Frage   der   Glykokollbildung  im   tierisohen  Organismus.     Arch.   f. 

expt.  Path.  u.  Pharm..  53,  p.  435.  1905. 

47.  Cohnheim :    Die    Umwandlung    des    Eiweisses    durch    die    Darmwand.      Zeit. 

physiol.  Chem.,  .33.  p.  451,  1901. 

48.  Cohnheim:    Weitere   Mittheihingen    fiber    Eiweisaresorptionsversuche   an    Octo- 

poden.     Zeit.  physiol.  Chem.,  35,  p.  396,  1902. 

49.  Cohnheim  and  Malitn :  Zur  Frage  der  Eiweissresorption.    Zeit.  physiol.  Chem., 

61,  p.  189,  1909. 

50.  Cramer:    On    the    assimilation    of    proteina    introduced    parenterally.      Jour. 

Physiol.,  37.  p.   146,  1908. 

51.  Cramer  and  Pringle:  The  assimilation  of  protein  introduced  enterally.     Jour. 

Physiol.,  37,  p.  158,  1908. 

52.  Cremer  and   Henderson:  Ein  experimenteller  Beitrag  zur   Lehre  vom   physio- 

logischen  Eiweissminimum.     Zeit.  Biol.,  42,  p.  612,  1901. 
53-54.     Daldn:  The  products  of  the  proteolytic  action  of  an  enzyme  contained  in  the 
cells  of  the  kidney.     Jour.  Physiol.,  30,  p.  84,   1904. 

55.  Dakin  and  Dudley:  Conversion  of   a-araino  acids  to    a-ketonic  aldehydes  and 

their  relation  to  hydroxy  acids.    Proceed.  Chem.  Soc,  29.  p.  192,  1913. 

56.  Dakin  and  Wakeman:  The  catabolism  of  histidine.     Jour.  Biol.  Chem.,  10,  p. 

499.  1912. 

57.  Dakin:   Tlacemization   of  proteins  and  their   derivatives.     .Tour.   Biol.   Chem., 

13.  p.  357.  1912. 

58.  Hhrlich:  Ueber  die  Entstehung  der  BernsteinsSure  bei  der  alcoholischen  Garung. 

Bioc.  Zeit.,  18,  p.  391.  1909. 

59.  ElUnger   and    Kotake:    Syntheae    der    p-oxymandelsa.ure    und    ihre   angebliche 

Vorkommen    im    Ham    bei    akuter    gelber    Leberatrophie.      Zeit.    physiol. 
Chem.,  65,  p.  402,   1910. 

60.  Engeland  and  Kutscher:  Ueber  ein  methyliertes  Aporrhegma  des  Tierkiirpera. 

Zeit.  physiol.  Chem,  69.  p.  282,  1910. 

61.  Embden  and  Almngia:  Ueber  das  Auftreten  einer  fliiehtigen  jodoformbildenden 

Subatanz  bei  der  Durchblutung  der  Leber.     Beit.  chem.  physiol.  Path.,  6, 
p.  -59.   1905. 

62.  Embden  and  Knoop:   Ueber  das  Verhalten  der  Albumosen   in  der  Darmwand 

und  liber  das  Vorkommen  von  Albumoaen  im  Blute.     Beit.  chem.  Physiol. 
Path.,  3,  p.  120.  1903. 

63.  Embden   nmd.   ftchmitz:   Ueber   synthetische   Bildung   von    AminosHurp    in    der 

Leber.     Biochem.  Zeits.,  29,  p.  423.  1910. 

64.  Folin:  A  theory  of  protein  metabolism.    Amer.  Jour.  Physiol.,  13,  p.  117.  1905. 

65.  Epstein   and   Bookman:   Formation   of  glycocoll   in   the   animal   body.     Joiii'. 

Biol.  Chem.,  13,  p.  117,  1912. 


828  PHYSIOLOGICAL    CHEMISTRY 

66.  Frank    and    ScMttenhelm :    Beitrag    zur    Kenntnis    des    Eiweissstoffwechsels, 

Zeit.  physiol.  Chem.,  70,  p.  98,  1910. 

67.  Frank  and  Trommsdorf :  Der  Ablauf  der  Eiweisszeraetzung  naeh  Futterung  von 

abundanten  Eiweissmengen.     Zeit.  Biol.,  43,  p.  117,  1902. 

68.  Fraser:   Rendering  animals  immune  against  the  venom  of  cobra  and  on   the 

antidotal  properties  of  the  blood  aerum.  Brit.  Med.  Jour.,  I,  p.  1309,  1895. 
II,  p.  416;  II,  1896,  p.  910. 

69.  Funk:  The  nitrogenous  constituents  of  lime  juice.     Biochem.  Jour.,  7,  p.   81, 

1913. 

70.  Frentzel:  Ein  Beitrag  zur  Frage  nach  der  Quelle  der  Muskellcraft.     Arch,  ges 

Physiol.,   68,  p.  212.   1897. 

71.  Freund  and  Popper:  Ueber  das  Schicksal  von  intravenoa  einverleibten  Eiweiss- 

abbauprodukten.     Biocliem.  Zeit.,  15,  p.  272,  1909. 

72.  Freund  and  Toepfer:   Ueber  den   Abbau  des  Nahrungseiweisses  in  der  Lebei. 

Zeit.  f.  expt.  Path.  Ther.,  3,  p.  633.  1906. 

73.  Friedlander:  Ueber  die  Resorption  geloster  Eiweissstoffe  im  Dttnndarm.     Zeit, 

Biol.,  33,  p.  64,  1896. 

74.  Glaessner:  Ueber  die  Urawandlung  der  Albumosen  durch  die  Magenachleimhaut. 

Beit.  chem.  physiol.  Pathol.,  1,  p.  228,  1901. 

75.  Orafe:   Beitrage  zur  Kenntnis  des  Stoffwechsels   im  protrahierten   Hungerzu- 

stande.     Zeit.  physiol.  Chem.,  65,  p.  21,  1910. 

76.  Halliburton:  The  absorption  of  proteins.     Lancet,  I,  1909. 

77.  Balpern:  Beitrag  zum  Hungerstoffwechsel.     Bioo.  Zeit.,  14,  p.  134,  1908. 

78.  Hopkins  and  Willcock:  The  importance  of  individual  amino-acids  in   metabo 

Hsm.  Observations  on  the  efifect  of  adding  tryptophane  to  a  dietary  in 
which  zein  is  the  sole  nitrogenous  constituent.  Jour.  Physiol.,  35,  p.  88, 
1907. 

79.  Haskins:   The  effect  of  transfusion  of  blood  on   the  nitrogenous   metabolism 

of  dogs.    Jour.  Biol.  Chem.,  3,  p.  321,  1907. 

80.  Hamill  and  Schryver:  Nitrogenous  metabolism  in  normal  individuals.     Jour. 

Physiol.,  34,  1906,  p.  x. 

81.  Hawk,  Howe  and  Mattill:  Fasting  Studies.  III.  Jour.  Amer.  Chem.  Soc,  33, 

p.  568,   1911. 

82.  Eedin:  Trypsin  and  antitrypsin.    Biochem.  Jour.,  1,  p.  474,  1906. 

83.  Hedin:   Investigations   on   the   proteolytic   enzymes  of   the   spleen   of  the   ox. 

Jour,  of  Physiol.,  30,  p.   155,   1904. 

84.  Heidenhain:  Neue  Verauche  fiber  die  Aufsaugung  im  Diinndarm.     Arch.  ges. 

Phyaiol.,  56,  p.  584,  1894. 

85.  Heilner:  Ueber  die  Wirkung  grosser  Menge  artfremden  Blutserums  im  Tier- 

korper  nach  zufuhr  per  os  und  subcutan.    Zeit.  Biol.,  50,  p.  26,  1908. 

86.  Henderson  and  Dean:  On  the  question  of  protein  synthesis  in  the  animal  body. 

Amer.  Jour.  Physiol.,  9,  p.  386,  1907. 

87.  Henriques:    Die    Eiweisaayntheae   im    tierischen    Organismus.     Zeit.    phyaiol. 

Chem.,  54,  p.  406,  1907. 

88.  Henriques:  Lasst  sich  durch   Fatterung  mit  Zein  oder  Gliadin   als  einziger 

stickstoflFhaltiger  Substanz  das  Stickatoffglelohgewicht  herstellen?  Zeit. 
physiol.  Chem.,  60,  p.  105,  1909. 

89.  Henriques    and   Hansen:    Weitere   Untersuohungen    Uber   Eiweisasynthese   im 

TierkSrper.     Zeit.  physiol.  Chem.,  49,  p.   113,  1906. 
00.    Hirsohfeld:   Ueber  den   Einfluss   erhfihter  MuskeMtigkeit   auf   dem   Eiweisrr- 


PROTEIN   METABOLISM   OF   THE   BODY  829 

stofifwechsel  des  Menaohen.     Arch.  f.  Path.  Ant.  u.  Physiol.,  114,  p.  301, 
1889. 

91.  Bofmeister:    Das    Verhalten    des   peptons    in    der    Magenschleimhaut.     Zeit. 

physiol.  Chem.,  6,  p.  69,  1882. 

92.  Hopkins:  The  utilization  of  proteids  in  the  animal.    Science  Progress,  I,  1906, 

p.   159. 

93.  Eoogenhuyze  arid  Verploegh:  Creatinine  excretion  in  man.    Zeit.  physiol.  Chem., 

46,  p.  415,  1905. 

94.  Hooven  and  Sollman:  A  study  of  metabolism  during  fasting  in  hypnotic  sleep. 

Jour.  Expt.  Med.,  2,  p.  405,  1897. 

95.  Howell:  Presence  of  amino  acids  in  blood  and  lymph.    Amer.  Jour.  Physiol., 

17,  p.  273,  1906. 

96.  Inaba:    Ueber    die    Zusammensetzung    des    TierkSrpers.      Arch.    f.    Physiol. 

1911,  p.  1. 

97.  Kawffman:  Ueber  den  Ersatz  von  Eiweias  durch  Leim  im  Stofifwechsel.    Arch. 

f.  ges.  Physiol.,  109,  p.  440,  1905. 

98.  Kayser;  Ueber  die  eiweisssparende  Kraft  des  Fettes  verglichen  mit  derjenigen 

des  Kohlenhydrats.     Archiv  f.  Physiol.,  p.  371,  1893. 

99.  Knoop:  Ueber  den  physiol.  Abbau  der  Sauren  und  die  Synthese  einer  Amino- 

sauren  im  Tierkorper.     Zeit.  phySioI.  Chem.,  67,   1910,  p.  489. 

100.  Knoop  and  Kertess:  Das  Verhalten  von  a-Aminosauren  und  a-Kentonsauren 

im  Tierkorper.    Zeit.  physiol.  Chem.,  71,  p.  252,  1911. 

101.  Kotake:  Ueber  1-oxyphenylmiIchsaure  und  ihr  Vorkommen  im  Harn  bei  Phos- 

phorvergiftung.     Zeit.  physiol.  Chem.,  65,  p.  397,  1910. 

102.  Kovalensky   and    Markewicn:    Ueber   das    Sohicksal   des   Ammoniaks   im    Or- 

ganismus   des  Hundes  bei   intravenoser   Injektion  von  kohlensauren  Am- 
moniak.     Bioehem.  Zeit.,  4,  p.  196,  1907. 

103.  Kiesel :  Ueber  den  fermentativen  Abbau  des  Arginins  in  Pflanzen.    Zeit.  physiol. 

Chem.,  75,  pp.  169-197,  1911. 

104.  Krogh:  Ueber  die  Bildung  freien  Stickstoffes  bei  der  Darmgahrung.    Zeit.  f. 

physiol.  Chem.,  50,  289,  1907. 

105.  Lang:  Ueber  Desamidierung  im  TierkSrper.     Beitr.  chem.  physiol.  Path.,  5, 

p.  321,  1904. 

106.  Leathes  and  Gathcart:  On  the  relation  between  the  output  of  uric  acid  and 

the  rate  of  heat  production  in  the  body.     Proe.  Koy.  Soc,  79,  p.  543,  1907. 

107.  Lehmann,  Muller,  Munk,  Senator  and  Zuntz:  Untersuchungen  an  zwei  hun- 

gernden  Menschen.    Arch.  f.  Path.,  Anat.  u.  Physiol.,  131,  Suppl.  1,  1893. 

108.  Levene  and  Meyer:  The  elimination  of  total  nitrogen,  urea  and  ammonia 

following  the  administration  of  some  amino  acids.    Amer.  Jour.  Physiol,  25, 
p.  214,  1909. 

109.  Loem:  Eiweisssynthese  im  Tierkiirper.    Arch.  f.  expt.  Path.  u.  Pharm.,  48,  p. 

303,   1902. 

110.  Lusk  and  Ringer:  Ueber   die   Entstehung  von   Dextrose   aus  Aminosauren. 

Zeit.  physiol.  Chem.,  66,  p.  106,  1910. 

111.  Luthje:  Zur  Frage  der  Eiweisssynthese  im  tierischen  KSrper.    Arch,  f    ges. 

Physiol.,  113,  p.  547,  1906. 

112.  Lusk:  The  fate  of  the  amino  acids  in  the  organism.    Jour.  Amer.  Chem.  Soc, 

32,  p.  671,  1910. 

113.  McCay:  Standards  of  the  constituents  of  the  urine  and  blood  and  the  bear- 

ing of  the  metabolism  of  Bengalis  on  the  problems  of  nutrition.    Scientific 
Memoirs,  Govt.  India,  34,  1908. 


830  PHYSIOLOGICAL    CHEMISTRY 

114.     Lush:  The  Science  of  Nutrition,  2d  edition. 

lis.     McCollum:  Nuclein  synthesis  in  the  animal  body.    Amer.  Jour.  Physiol.,  2.'i, 
p.   120,   1909. 

116.  Magnus-Levy :  Ueber  die  Neubildung  von  Glykokoll.    Bioc.  Zeit.,  6,  p.  523,  1907. 

117.  Mendell  and  Bockwood:  On  the  absorption  and  utilization  of  proteins  with 

out  the  intervention  of  the  alimentary  digestive  processes.     Amer.  Jour 
Physiol.,  12,  p.  336,  1905. 

118.  Micha/ud:  Beitrag  zur  Kenntnis  des  physiologischen  Eiweissminimum.     Zeit. 

physiol.  Chem.,  59,  p.  405,  1909. 

119.  Morawits:  Beobachtungen  (iber  den  Widerersatz  der  BluteiweisskSrper.     Beit. 

chem.  physiol.  Path.,  7,  p.  153,  1906. 

120.  Medwedew:    Ueber    Desamidierungsvorgange    ira    Blute    normaler    u.    Schild- 

driisenloser  Tiere.     Zeit.  f.  physiol  Chem.,  72,  p.  410,  1911. 

121.  Morner:  Zur  Chemie  des  Alkaptonharns  bczw.  der  Homogentisinsaure   (nebst 

einigen  ihrer  Verwandten).    Zeit.  physiol.  Chem.,  69,  1910,  p.  330. 

122.  MurUn:  The  Nutritive  Value  of  Gelatin.     Amer.  Jour.  Physiol.,  19,  p.  285, 

1907. 

123.  Neuiauer:  Ueber  den  Abbau  der  Aminosauren  im  gesunden  u.  kranken  Or- 

ganismus.     Deut.  Arch.  f.  klin.  Med.,  95,  p.  211,  1908. 

124.  Neubauer  and   Chross:   Zur   Kenntnis    der    Tyrosinsabbaus   in   der   kiinstlich 

durehbluteten  Leber.     Zeit.  physiol.  Chem.,  67,  p.  219,  1910. 
126.     Neubauer  and  Fischer:   Bcitrage  zur  Kenntnis  der  Leberfunktionen.     Zeit 
physiol.  Chem.,  67,  p.  230,  1910. 

126.  Neuberg  and  Langstein:  Ein  Fall  von  Desaminierung  im  TierkBrper.    Arch,  t 

Physiol.,    1903,   Supp.,  514. 

127.  Oppenheimer :  Ueber  die  Anteilnahme  des  elementaren  StickstofFea  am  Stoff- 

wechsel  der  Tiere.    Bioc.  Zeits.,  4,  p.  328,  1907. 

128.  Bomburgh:  Hypaphorine  and  the  relation  of  this  substance  to  tryptophane. 

Pro.  Amsterdam  Acad.,  13  (2),  p.  1177,  1911. 

129.  Paton:  On  Folin's  theory  of  protein  metabolism.    Jour.  Physiol.,  33,  p.  1,  1905. 

130.  Paton  and  Ooodall:  Digestion  leucocytosis.    33,  p.  20,  1905. 

131.  Paton    and   others:    On    th".    influence    of    muscular    exercise,    sweating   and 

massage  on  the  metabolism.     Jour.  Physiol.,  22,  p.  68,  1897. 

132.  Pekelharing  and  v.  Hoogenliuyze:  Die  Bildung  des  Kreatins  im  Muskel  beim 

Tonus  und  bei  der  Starre.    Zeit.  physiol.  Cliem.,  64,  p.  262,  1909. 

133.  Pfluger:  Die  Quelle  der  Muskelkraft.     Arch.  ges.  Physiol.,  50,  p.  98    1891. 

134.  Pfluger:  Glykogen.    Arch.  ges.  Physiol.,  96,  p.  381,  1903. 

135.  Robertson:   Synthesis  of   paranuelein  through  the  agency  of  pepsin.     Jour. 

Biol.,  Chem.,  5,  p.  493,  1908. 

136.  Rohmann:  Ueber  kUnstlicho  Ernahrung.    Klin.  ther.  Woch.,  1,  1902. 

137.  Rubner:  Theorie  der  ErnShrung  nach  VoUendung  des  Wachstums.     Arch.  f. 

Hyg.,   66,  p.    1,   1908. 

138.  Rubner:  Verluste  und  Wiederneuerung  im  Lebensprozess.    Archiv  t.  Physiol., 

p.  39,   1911. 

139.  Rubner:  Die  Beziehungen  zwischen  dem  Eiweissbestand  des  KSrpers  und  der 

Eiweissmenge  der  Nahrung.     Archiv  f.  Physiol.,  p.  61,  1911. 

140.  Rubner:  Ueber  den  Eiweissansatz.    Archiv  f.  Physiol.,  p.  67,  1911. 

141.  Salaskin:  Ueber  das  Ammoniak  :n  physiologischcr  und  pathologischer  Hinsicht 

und   die   Rolle   der   Leber   im    StoflFwechsel    stickstoiThaltiger    Substanzen. 
Zeit.  physiol.  Chem.,  25,  p.  449,  1898. 
142-     Salkowski:  Ueber  Autodigeation  der  Organe.    Zeit,  f,  klin.  Medi,  17,  p.  77,  1890 


METABOLISM    UNDER    VARIOUS    CONDITIONS  8?1 

143.  Schryver:  Chemical  dynamics  of  animal  nutrition.    Biochem.  Jour.  1,  p.  123, 

1906. 

144.  Sohulme    and    Winterstein :    Studien    tiber    die    Proteinbildung    im    reifenden 

Pflanzensamen.     Zeit.  physiol.  Chem.,  65,  p.  431,  1910. 

145.  Schwann:    Ueber    Verbindungen    der    Eiweisskorper    mit    Aldehyden.     Zeit. 

physiol.  Chem.,  31,  p.  460,  1901. 

146.  Seitu:  Die  Leber  als  Vorrathskammer  ffir  Eiweissstoffe.     Arch.  ges.  Physiol., 

Ill,  p.  309,  1906. 

147.  Shaffer:  Diminished  muscular  activity  and  protein  metabolism.    Amer.  Jour. 

Physiol.,  22,  p.  445,  1908. 

148.  Shaffer  and  Coleman:  Protein  metabolism  in  typhoid  fever.    Arch,  of  Int.  Med., 

4,  p.  538,  1909. 

149.  Siven:  Zur  Kenntnis  des  Stoffwechsels  beim  erwachsenen  Menschen  mit  be- 

sonderer  Beriicksichtigung  des  Eiweissbedarfs.    Skand.  Arch.  f.  Physiol.,  11, 
1901,  p.  308. 

150.  Starling:  Die  Resorption  vom  Verdauungskanal.     Handbuch  der  Bioehemie. 

(Oppenheimer)  III,  p.  240,  1909. 

151.  Stepp:  Versuche  tiber  Futterung  mit  lipoidfreier  Nahrung.     Biochem.  Zeit. 

22,  p.  452,  1909. 

152.  Stolte:  Ueber  das  Schicksal   der  Monaminosauren   im   Tierkorper  nach   Ein- 

filhrung  in  die  Blutbahn.    Beit.  chem.  physiol.  Pathol.,  5,  p.  15,  1904. 

153.  Straub:  Ueber  den  Einfluas  des  Kochsalzes  auf  die  Eiweisszersetzung.     Zeit. 

f.  Biol.,  37,  p.  527,  1899. 

154.  Tallqvist:   Zur   Frage  des   Einflusses   von   Fett   und   Kohlenhydrate   auf   den 

Eiweissumsatz  des  Menschen.    Arch.  f.  Hygiene.  41,  p.  177,  1302. 

155.  Taylor:  On  the  synthesis  of  protamine  through  ferment  action.     Jour.  Biol. 

Chem.,  5,  p.  381,  1908. 

156.  Taylor   and   Cathcart:   The  influence  of  carbohydrates   and   fats   on   protein 

metabolism.     The  effect  of  phlorizin  glycosuria.     Jour.  Physiol.,  41,   1910, 
p.  276. 

157.  Stein:  Ueber  die  Bildung  von  Milehaaure  bei  der  antiseptisch^n  Autolyae  der 

Leber.     Biochem.  Zeita.,  40,  p.  486,  1912. 

158.  Thomas:  Ueber  die  Zusammensetzung  von  Hund  u.  Katze  wahrend  der  ersten 

Verdoppelungsperioden  des  Geburtsgevrichts,     Arch.  f.  Physiol.,  1911,  p.  9. 

159.  Thomas:    Ueber    das    physiologisohe   Stickstoffminimum.      Arch.    f.    Physiol., 

1911,  Supp.  249. 

160.  Totani:  Ueber  das  Verhalten  der  Phenylessigaaure  im  Organismus  des  Huhns, 

Zeit.  f.  physiol.  Chem.,  68,  1910,  p.  75. 

161.  Thompson:  The  nutritive  effects  of  beef  extract.     Proceedings  British  Assn.. 

1,  1910. 

162.  Toepfer:  Ueber  den  Abbau  der  Eiweisskorper  in  der  Leber.    Zeit.  f.  expt.  Path. 

u.  Ther.,  3,  p.  45,  1906. 

163.  Tsuchiga:  Ueber  den  Umfang  der  Hippuraaure  synthese  beim  Menschen.    Zeit. 

f.  expt.  Path.  u.  Ther.,  5,  p.  737,  1909. 

164.  Veraguth:  The  effect  of  a,  meal  on  the  excretion  of  nitrogen  in  the  urine. 

Jour.  Physiol.,  21,  p.  112,  1897. 

165.  Vernon:  The  rate  of  tissue  disintegration   and   its  relation   to  the  chemical 

constitution  of  protoplasm.     Zeit.  f.  allg.  Phyaiol.,  6,  1907. 
1(56.     Voit:  Die  Grosse  des  Eiweisszerfalls  im  Hunger.    Zeit.  f.  Biol.,  41,  p.  167,  1901. 
167.     Voit  and  Eorkunoff:  Ueber  die  geringste  zur  Erhaltung  des  Stiekstoffgleich- 

gewichtes  nothlge  Menge  von  Eiweiss.    Zeit.  f.  Biol.,  32,  p.  58,  1895. 


832  PHYSIOLOGICAL    CHEMISTRY 

168.  Voit  and  Zisterer:  Bedingt  die  verschiedene  Zusammensetzung  der*  Eiweiss- 

korper  auch  einen  Unterschied  in   ihrem  Nahrwert.     Zeit.  f.  Biol.,  53,  p. 
457,   1910. 

169.  Weinland:    Ueber   die   Aussoheidung  von   Ammoniak   dureh   die   Larven   von 

Calliphora  und  iiber  eine  Beziehung  dieser  Tataaohe  zu  dem  Entwickelungs- 
atadium  dieser  Tiere.     Zeit.  f.  Biol.,  47,  p.  232,  1906. 

170.  Weiss:  Untersuchung  uber  die  Bildung  des  Lachaprotamin.     Zeit.  f.  physiol. 

Chem.,  52,  p.  107,  1907. 

171.  White,  Hale  and  Spriggs:  On  metaboliam  in  forced  feeding.    Jour.  Physiol., 

26,  p.  151,  1901. 

172.  Wolf  and  Osterierg:  Protein  metaboliam  in  phlorizin  diabetes.     Amer.  Jour. 

Physiol.,  28,  71,  1911. 

173.  Zisterer:  Bedingt  die  verschiedene  Zusammensetzung  der  Eiweiaakorper  auch 

einen  Unterschied  in  ihrem  Nahrwert?    Zeit.  Biol.,  53,  p,  157,  1910. 

174.  Zuntz:  Ueber  die  Bedeutung  der  versehiedenen  Nahrstoffe  ala  Erzeuger  der 

Muskelkraft.     Arch.  f.  Physiol.,  p.  541,  1894. 

175.  Winierstein  and  Kung:  Ueber  das  Auftreten  von  p-oxyphenylethylamine  im 

Emmenthaler  Kase.     Zeit.  f.  physiol.  Chem.,  59,  p.   138,  1909. 


CHAPTER  XX. 

METABOLISM  UNDER  VARIOUS  CONDITIONS.    RESPIRATION. 
VITAMINES.    CONCLUSION. 

Metabolism  during  starvation  and  under  various  conditions. — 
When  the  body  is  starving  or  supplied  with  insufficient  nourishment  to 
cover  its  wear  and  tear  and  energy  requirements,  the  tissues  are 
themselves  consumed,  although  to  a  very  different  degree  in  the  various 
organs.  A  condition  of  temporary  starvation  must  have  been  one 
of  the  commonest  vicissitudes  of  life  among  our  progenitors,  who 
probably  lived  very  much  as  the  Patagonian  savages  described  by 
Darwin.  These  savages  are  able  to  go  for  long  periods  without  food, 
and  then  when  they  find  a  stranded  whale  or  some  other  abundant 
source  of  food,  they  gorge  themselves  for  days  in  succession.  It  is  only 
after  agriculture  was  cultivated  that  man  began  to  be  superior  to  these 
accidents  and  to  have  a  regular  and  even  food  supply.  These  periods 
of  fasting  having  probably  been  common,  it  is  not  surprising  that  we 
find  that  the  body  has  a  mechanism  to  provide  for  them.  When  abun- 
dant food  is  eaten  it  is  stored  in  part,  and  during  fasting  these  stores 
are  drawn  upon.  Poods  are  stored  pre-eminently  as  fat,  and  princi- 
pally as  the  saturated  fats  in  the  great  fat  reservoirs  of  the  body. 
These  reservoirs  are  the  fat  tissues  under  the  skin,  the  panniculus 
adiposus,  the  fat  about  the  intestines  and  internal  organs  and  in  the 
connective  tissue  about  the  heart  and  muscles  and  even  in  the  muscle 
cells  themselves.  The  brain  alone  of  all  the  organs  appears  to  be  free 
from  fat.  A  second  reserve  of  food,  but  one  of  far  less  importance  and 
.weight,  is  the  glycogen  which  is  stored  in  the  liver  and  muscles.  For 
the  protein  there  is  also  a  certain  amount  of  reserve,  since  the  muscles 
contain  a  small  amount  of  amino-acid  nitrogen  and  the  proteins  may 
be  increased  in  the  body  up  to  a  certain  point,  but  nothing  comparable 
to  that  of  the  fats  or  carbohydrates. 

The  first  effect  of  starvation,  or  fasting,  is  to  set  free  these  reserve 
foods.  The  fats  are  first  called  upon  to  supply  the  needs  of  the  body 
for  energy  or  fuel.  In  fasting  animals  the  adipose  tissue  almost 
entirely  disappears,  93-97  per  cent,  of  it  being  consumed.  Glycogen 
i."!  also  greatly  reduced,  but  a  little  remains  in  the  liver  and  muscles 
even  in  a  very  advanced  state  of  starvation.  But  the  fats  and 
carbohydrates  cannot  supply  the  protein  decomposition  of  the  body,  and 
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since  there  is  very  little  protein  reserve  it  is  necessary  for  the  body  to 
conserve  this  in  every  way  possible.  The  mechanisms  by  which  the 
nitrogen  is  conserved  in  the  body  are  still  somewhat  obscure,  but  we 
know  now  that  the  body  has  some  power  at  least  of  resynthesizing  the 
ammonia,  which  may  have  been  set  free,  into  some  amino-acids  which 
can  be  used  for  the  resynthesis  of  the  proteins.  When  fats  or  carbohy- 
drates are  eaten  or  drawn  from  the  body's  stores,  not  so  much  protein 
is  decomposed  as  when  they  are  absent.  We  say  accordingly  that  these 
substances  have  a  protein-sparing  action.  Possibly  they  act  by  furnish- 
ing the  energy  for  the  resynthesis  and  so  aid  the  retention  of  the  amino- 
acids  ;  perhaps  when  they  are  oxidizing  the  activity  of  autolytie  enzymes, 
which  may  attack  the  protein,  is  reduced;  or  it  may  be  that  in  some 
other  way  they  check  the  excretion  of  nitrogen  and  the  destruction  of 
protein.  Certain  it  is  that  they  do  thus  act.  Whatever  the  explana- 
tion, it  is  found  that  in  starvation  the  nitrogen  output  is  reduced  to 
a  minimum.  The  lowest  figures  reported  are  those  of  Cetti,  a  profes- 
sional faster,  whose  N  output  on  the  25th  day  of  fasting  had  fallen  to 
a  little  more  than  2  grams,  and  Thomas  reduced  his  on  a  starch  and 
cream  diet  to  2.2  grams.  The  normal  excretion  is  approximately  12-16 
grams.  But  while  the  nitrogen  loss  is  thus  reduced  to  a  minimum, 
the  total  calories  given  off  by  the  body  per  kilo  body  weight  are  not 
reduced  in  anything  like  the  same  proportion.  The  normal  output  of 
heat  from  a  human  adult,  when  very  little  active  muscular  work  is  done, 
is  about  35  calories  per  kilo;  it  falls  on  fasting  to  about  30-32  calories 
per  kilo. 

The  fact  that  the  nitrogen  excretion  is  so  reduced  in  fasting  has 
led  several  to  the  conclusion  that  this  represents  the  necessary  wear 
and  tear  of  the  tissues  and  the  normal  output,  which  is  usually  so  far  in 
excess  of  this,  is  due  to  a  luxus  consumption  of  protein.  But  this  mini- 
mum may  rather  be  regarded  as  the  maximum  reduction  of  nitrogen 
waste  of  which  the  body  is  capable.  It  is  probable  that  this  is  the  best 
which  can  be  done  under  the  most  favorable  conditions.  It  is  quite  pos- 
sible that  the  amount  of  protein  catabolized  is  far  greater  than  this,  but 
that  the  nitrogen  is  saved  and  resynthesized  and  used  over  again,  the 
energy  for  the  resynthesis  coming  from  the  carbohydrates  or  fats.  It 
would  be  quite  erroneous  to  conclude,  as  is  sometimes  done,  that  of  the 
proteins  of  the  body  only  an  amount  equivalent  to  this  2.5  grams  are 
being  catabolized  per  day.  It  is  at  least  possible  that  this  figure  repre- 
sents only  the  amount  of  net  catabolism.  How  large  the  real  catabolism 
and  anabolism  may  actually  be  we  have  at  present  no  means  of 
knowing. 

During  fasting  or  starvation  the  various  organs  of  the  body  lose 
weight.    Human  beings  may  fast  so  that  their  body  weight  is  reduced 
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to  about  two-fifths  of  the  average  weight  and  fully  recover  from  the 

fast.    Children,  however,  have  a  higher  metabolism  than  adults,  owing 

in  part  to  their  greater  heat  loss,  as  the  surface  of  the  body  is  larger 

relative  to  the  body  weight  in  them  than  in  adults,  and  in  part  to  the 

fact  that  their  protoplasm  is  also  younger  and  catabolizes  faster.    They 

can  starve  for  much  shorter  periods  without  dying.    The  amount  of  loss 

of  weight  of  the  diffel-ent  organs  of  the  body  in  fasting  is  given  by  Voit 

for  a  male  cat  as  follows : 

Adipose  tissue  . . .  97%  Kidneys 26%         Bones    14% 

Spleen  67  SIcin    21  Heart    3 

Liver  54  Intestine 18  •  Nervous  system  . ,       3 

Testicles   40  Lungs    18 

Muscles 31  Pancreas 17 

The  heart  and  nervous  system  resist  starvation  better  than  any  other 
organs.  They  lose  but  a  small  per  cent,  of  their  weight.  The  liver, 
which  stores  glycogen  and  fat;  the  spleen,  which  has  to  do  with  the 
blood  destruction  and  formation;  the  testicles  and  the  muscles,  these 
besides  the  fat  are  most  reduced.  It  is  their  material  which  is  being 
used  for  the  metabolism  of  the  other  tissues.  It  is  not  to  be  supposed 
that  because  the  heart  and  the  nervous  system  lose  least  that  their 
metabolism  is  less  than  the  other  tissues.  The  direct  contrary  to  this 
is  probably  the  fact.  It  is  those  tissues  of  the  most  intense  metabolism 
which  preserve  themselves  best.  "We  know  that  the  heart  has  such  an 
intense  metabolism.  It  must  continue  at  work  whatever  happens;  and 
so  must  the  nervous  system.  It  is  probable  that  the  preservation  of 
these  tissues  is  brought  about  in  the  following  way.  By  the  autolysis 
of  the  other  tissues  a  certain  amount  of  amino-acids  and  other  substances 
are  set  free.  The  metabolism  in  the  heart  and  nervous  system  is  so 
intense  that  in  these  organs  the  amino-acids  and  other  products  are  in 
part  catabolized  and  in  part  built  up  into  the  tissue  substance.  To 
maintain  the  equilibrium  new  food  substances  pass  into  these  organs 
from  the  blood  to  make  good  the  loss  of  the  catabolized  products;  and 
from  the  other  tissues  amino-acids  and  other  products  pass  to  the  blood 
to  make  good  the  loss  from  that  tissue.  Thus  that  organ  with  the  high- 
est rate  of  metabolism  will  call  upon  the  other  tissues  of  the  body  which 
have  the  lowest  rate  of  metabolism ;  they  will  waste  away  at  its  expense. 
It  is  thus  probably  that  a  cancer  impoverishes  the  other  tissues. 

The  preservation  of  the  brain  and  heart  in  this  way  at  the  expense 
of  other  less  vital  tissues  of  the  body  is  evidently  a  measure  of  adapta- 
tion. These  are  the  vital  or  master  tissues  and  it  is  absolutely  necessary 
that  they  be  preserved.  From  its  earliest  origin  the  nervous  system 
appears  to  have  the  most  active  metabolism  and  to  dominate  that  of  the 
rest  of  the  body  in  the  way  so  conclusively  shown  by  Child. 

Effects  of  fasting.    The  general  effects  of  fasting  are  extremely  inter-* 
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esting.  There  is  no  doubt  that  in  many  cases  fasting  is  very  beneficial 
to  the  general  health.  Chronic  diseases,  such  as  catarrhs  and  pimples, 
boils,  etc.,  are  said  often  to  have  been  permanently  cured  by  this  simple 
expedient.  The  first  few  days  of  the  fast  may  be,  and  generally  are, 
trying;  there  is  not  infrequently  considerable  nausea  for  a  few  days; 
but  thereafter  the  deprivation  of  food  does  not  appear  to  cause  any 
very  painful  sensations  beyond  great  hunger.  Thte  total  effect  on  the 
body  is  to  sweep  out  of  the  protoplasm  all  the  deposited  waste  or  reserve 
material.  At  least  half  of  the  muscle  substance  has  to  be  regenerated 
and,  according  to  Child,  fasting  is,  in  its  essence,  of  the  nature  of  a 
regeneration  or  rejuvenation.  This  is  certainly  the  case  in  some  of 
the  lower  animals,  in  particular  in  the  flat  worms,  Planaria,  and  other 
animals  upon  which  he  worked.  In  these  forms  it  is  possible  to  show 
that  the  fasting  animals  are  in  reality  rejuvenated  and  emerge  from 
the  fast  with  all  the  characteristics  of  young  animals,  including  a  stimu- 
lated metabolism,  heightened  respiration  and  so  on.  Whether  the  human 
being  is  capable  of  a  certain  degree  of  rejuvenation  by  this  same  process 
is  not  yet  certain,  but  there  are  some  indications  that  some  reju- 
venescence is  possible.  It  seems  generally  true  that  the  deposition  of 
colloidal  matter  in  protoplasm  is  one  of  the  conditions  of  senescence.  It 
is  possible  that  such  depositions  increase  the  difficulty  of  passage  of 
certain  substances  into  and  out  of  cells,  or  they  interpose  barriers  in  the 
way  of  a  free  exchange  of  material  between  the  different  parts  of  cells 
and  so  ultimately  break  down  the  co-ordination  of  cell  metabolism.  If 
this  explanation  of  senescence,  which  has  been  proposed  by  Child,  is 
true,  then  fasting  would  appear  to  be  a  means  of  combating  the  process 
to  some  degree. 

There  are  other  changes  in  the  excretions  accompanying  fasting. 
Thus  the  proportion  of  urea  nitrogen  in  the  urine  instead  of  being  about 
85  per  cent,  falls  to  55  per  cent,  or  60  per  cent,  of  the  total  nitrogen  (see 
page  754).  The  quantity  of  ammonia  increases  slightly,  due  to  the  slight 
acidosis  produced  by  the  burning  of  fat  and  protein ;  acetone  and  diacetic 
acid  appear ;  and  there  is  a  relative  increase  in  the  neutral  sulphur  and  a 
corresponding  decrease  in  the  inorganic  sulphates  of  the  urine.  These 
are  the  same  changes  observed  by  Folin  and  others  in  low  protein  diets. 

The  blood  holds  its  composition  fairly  uniform  in  fasting,  although 
there  is  some  sinking  in  the  per  cent,  of  protein  present  in  the  plasma. 
This  falls  from  6  per  cent,  to  about  4-5  per  cent,  of  the  weight.  There 
is  a  considerable  reduction  in  the  amount  of  blood  in  the  body,  and  the 
per  cent,  of  fat  in  the  plasma  may  in  the  early  days  be  somewhat  higher 
than  the  average,  as  the  fat  reserves  are  mobilized. 

The  number  of  cells  of  the  body  does  not  decrease  so  much  as  the 
size  of  the  cells.    The  general  course  of  a  fasting  experiment  lasting 
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31  days  recently  carried  out  by  Benedict  is  shown  in  the  accompanying 
chart. 

Lack  of  water  and  mineral  substances.  The  body  can  go  without 
food  for  20-30  days,  but  not  without  water.  Water  is  constantly  eseap 
iug  from  the  body  in  the  urine,  in  the  sensible  and  insensible  perspira- 
tion and  in  the  lungs.  And  the  amount  of  water  which  is  formed  in 
the  body  by  the  combustion  of  the  hydrogen  is  by  no  means  sufficieni 
to  make  good  this  loss.  Tho  loss  of  water  makes  the  viscosity  of  the 
blood  greater,  the  resistance  *o  its  flow  increases;  water  passes  from 
the  tissues  to  the  blood  to  make  good  the  loss  from  the  latter  and  this 
reduces  the  amount  of  water  in  the  tissues,  giving  rise  to  excessive 
thirst  which  is  almost  intolerable.  As  the  physical  activities  of  the 
tissues  are  dependent  upon  the  viscosity  of  the  protoplasm,  and  the 
chemical  activities  on  the  water  present,  both  the  physical  and  chemical 
processes  in  the  cells  suffer.  There  is  at  first  a  reduction  in  the  metab- 
olism, which  may  be  followed  by  an  increased  catabolism.  An  adult 
cannot  live  more  than  three  or  four  days  without  water,  the  time  depend- 
ing naturally  on  the  external  temperature,  amount  of  water  lost  by 
e-vaporation  and  so  on.  Death  is  the  result  probably  of  the  increased 
viscosity  of  the  blood. 

Mineral  substances  are  also  necessary  to  life,  and  the  result  of  keep- 
ing them  out  of  the  food  is  disastrous.  In  the  perspiration  and  urine 
salts  of  various  kinds  are  constantly  being  lost.  100  c.c.  blood  plasma 
contain  7.6-11.8  mgs.  Ca;  100  c.c.  corpuscles  contain  about  3  mgs.  Ca. 
The  Ca  content  of  various  foods  is  given  in  the  following  table:  {Rose: 
Jour.  Biol.  Chem.,  41,  p.  319,  1920). 

%  % 

Bread   0.032  Apple   0.010-0.0024 

Beef,  lean 0.018-0.004        Tomato  juice   0.015 

Milk    0.116  Rice 0.012 

Honey    (strained)    0.004  Coflfee  infusion   0.003 

Butter    0.014-0.010        Carrots 0.044-0.052 

Peaches    0.006  Soda  cracker  0.025 

In  urine  there  leaves  about  0.07  gram  of  calcium  per  day  and  in  feces 
about  0.25  gram.  The  calcium  from  carrots  and  other  vegetables  is 
well  utilized.  T\)od  as  free  as  possible  from  mineral  substances  pro- 
duced disturbances  in  the  muscular  system  in  Taylor's  experiments  on 
himself;  disturbances  of  the  nervous  system  have  also  been  noted  by 
Forster.  A  sufficient  supply  of  phosphates  and  calcium  are  essential  to 
the  development  of  the  bones  and  teeth.  Herbivorous  animals  constantly 
have  a  diet  poor  in  sodium  and  relatively  rich  in  potassium.  Such 
animals  require  from  time  to  time  some  sodium  chloride  added  to  their 
ration.  Carnivorous  animals  require  no  salt,  since  the  salts  in  their  prey 
are  about  those  of  their  own  bodies. 
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Vitamines.  Accessory  food  substances  of  an  unknown  nature 
necessary  for  the  nourishment  of  the  body. — ^As  has  been  so  often 
remarked,  nearly  all  of  the  really  fundamental  facts  in  nutrition  remaia 
still  to  be  determined.  This  is  illustrated  in  no  more  striking  fashion 
than  by  the  discovery  in  the  past  few  years  of  the  specific  action  of 
foods  in  nourishing  the  body  quite  apart  from  their  protein,  carbo- 
hydrate and  fat  content.  A  great  field  has  thus  been  opened  which 
promises  to  yield  many  valuable  discoveries.  It  seemed  a  few  years 
ago  as  if  with  the  discovery  of  the  fuel  value  of  a  food,  of  how  many 
calories  of  energy  it  contained  which  were  available  to  the  body,  and 
with  the  estimation  of  the  grams  of  fat,  carbohydrate  and  protein  in 
it,  all  that  was  necessary  to  determine  its  food  value  was  known.  How 
far  that  was  from  being  the  truth  will  appear  from  what  follows.  We 
now  know  that  the  character  of  the  fat,  protein  and  carbohydrate  is  of 
as  great  importance  as  the  amount.  It  is  by  no  means  the  same  whether 
one  eats  cane  sugar  or  lactose,  although  they  resemble  each  other  so 
closely  in  calories  and  composition.  It  has  been  found,  for  example, 
that  there  is  in  the  brain  a  large  amount  of  the  sugar,  galactose.  This 
occurs  in  the  cerebrosides  in  the  medullary  sheaths  of  the  nerves.  We 
do  not  know  whether  the  body,  particularly  in  youth,  has  the  power 
of  making  galactose  from  other  carbohydrates.  We  see,  in  fact,  that 
Nature,  which  has  had  charge  of  the  rearing  of  young  for  millions  of 
years,  has  provided  in  the  mammary  glands  an  organ  for  the  manu- 
facture of  galactose,  so  that  the  child  during  the  period  of  the  medulla- 
tion  of  the  nerves  of  the  cerebrum,  when  cerebrosides  may  be  produced 
in  great  abundance,  that  is  in  the  third  to  sixth  month,  may  have  a 
nourishment  which  contains  quantities  of  galactose.  The  sugar  of  milk 
is  not  cane  sugar;  it  is  not  maltose;  it  is  not  dextrose  or  levulose,  or 
ribose ;  but  lactose,  a  sugar  containing  half  its  weight  of  galactose,  that 
important  sugar  of  the  brain.  It  may  almost  be  stated  as  a  truism  that 
had  it  been  more  advantageous  to  have  dextrose  in  milk  than  lactose, 
the  sugar  found  there  would  have  been  dextrose.  The  suggestion,  there- 
fore, advocated  by  some  physicians,  to  substitute  for  the  lactose  of  the 
milk  either  cane  sugar  or  dextrose,  in  artificial  feeding  of  children,  can 
only  be  regarded  with  misgivings.  It  is  wiser  to  accept  the  conclusions 
of  nature  which  has  tried,  no  doubt,  many  thousands  of  experiments  of 
which  we  are  ignorant,  and  which  has  provided  lactose  in  the  food  of 
infants  only  after  a  prolonged  research. 

Neither  is  the  fat  consumed  a  matter  of  indifference,  if  only  it  be 
fat.  It  is  not  enough  that  the  fat  shall  burn  and  liberate  a  certain 
amount  of  energy  in  the  body.  The  nature  of  the  fatty  acid  is  impor- 
tant. We  know  indeed  that  the  character  of  the  fat  laid  down  in  the 
cells  is  somewhat  dependent  upon  the  character  of  the  fat  eaten.  In 
the  fat  of  dogs,  an  abnormal  quantity  of  mutton  fat  appears  when  after 
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fasting  a  dog  is  fed  on  large  amounts  of  these  fats.  It  was  found,  too, 
by  Herter  that  the  character  of  the  fat  laid  down  in  the  tissue  of  growing 
pigs  was  altered  when  the  pigs  were  fed  large  amounts  of  acetic  acid. 
The  power  of  making  the  necessary  fats  peculiar  to  the  body  of  the 
animal  in  which  they  are  found,  and  indeed  peculiar  to  the  tissue,  is 
so  great  that  the  fats  may  easily  be  formed  from  the  carbohydrates. 
Nevertheless  the  melting  point,  and  probably  the  ease  of  oxidation  of 
the  fats  in  the  cells,  is  not  entirely  independent  of  the  character  of  the 
fat  fed. 

Above  all,  the  character  of  the  protein  is  not  a  matter  of  indiffer- 
ence. Hitherto  the  protein  of  the  food  has  been  calculated  by  deter- 
mining the  nitrogen  and  multiplying  by  the  factor  6.25  to  give  the 
amount  of  protein  in  the  food.  Sometimes  only  the  coagulated  extracted 
food  has  its  nitrogen  thus  measured,  sometimes  it  is  raw  food,  and  lipin 
nitrogen  and  nuelein  nitrogen  have  been  included.  This  method  it  is 
recognized  is  very  crude.  Not  all  nitrogen  is  protein  nitrogen.  There 
is  the  nitrogen  in  the  phospholipins,  in  the  amino  lipins  and  in  nucleic 
acid  and  other  nitrogen-containing  substances.  Furthermore,  it  makes 
a  difference  what  amino-aeids  are  present  in  the  proteins,  and  the  vari- 
ous amino-acids  we  now  know  have  specific  functions  which  cannot  be 
replaced  by  other  amino-aeids.    This  point  has  already  been  considered. 

But  beyond  all  these  qualities  of  the  food,  evidence  is  accumulating 
that  the  foods  must  contain  other  bodies  not  protein  or  carbohydrate 
or  fats  or  minerals,  but  of  an  organic  nature  and  without  which  the 
organism  will  surely  perish.  These  bodies  are  required  apparently  in 
very  small  quantities,  but  they  are  of  vital  importance.  They  have 
been  named,  therefore,  vitamines  by  Funk,  who  has  worked  a  good  deal 
upon  them,  to  indicate  his  opinion  that  they  are  necessary  and  that  they 
contain  basic  nitrogen.  While  the  whole  matter  is  still  under  investiga- 
tion and  it  is  too  soon  as  yet  to  draw  any  positive  conclusions,  the 
results  obtained  have  been  so  extraordinary  and  so  interesting  that  they 
should  surely  be  considered  here,  even  though  opinion  is  not  unanimous 
as  to  their  nature. 

So  far  there  appear  to  be  at  least  three  of  these  accessory  food  sub- 
stances or  vitamines.  These  three  vitamines  have  been  named  '  Fat 
soluble  A  ';  '  Water  solvi)le  B  ' ;  and  '  Water  soluble  C  The  first,  as 
its  name  implies,  accompanies  the  fat  portion  of  the  extracts  of  cells 
and  tissues;  it  is  the  substance  necessary  for  growth  and  it  appears  to 
be  also  the  substance  the  absence  of  which  from  the  food  produces  the 
diseases  of  rickets  and  xeropthalmia,  a  disease  of  the  eyes  (Gr.  zeros, 
dry;  +  ophtJudmos,  eye) ;  it  is  found  in  greatest  amounts  in  milk,  eggs, 
cod  liver  oil,  and  in  green  leaves.  The  second,  or  '  Water  soluble  B,' 
is  the  substance  which  protects  against  neuritis.  lii  its  absence  the 
disease  of  beri-beri  results.    It  is  found  in  large  amounts  in  yeast  and 
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in  grains  and  cereals.  The  third,  or '  Water  soluble  C,'  is  the  constituent 
of  the  foods  which  prevents  scurvy.  It  is  the  anti-scorbutic  vitamine 
and  it  is  found  in  largest  amounts  in  orange  juice,  lemon  and  lime 
juice;  in  onions,  cabbage  and  other  green  and  living  vegetables  which 
have  long  enjoyed  a  reputation  of  usefulness  as  antiscorbutics.  There 
may  in  addition  to  these  be  other  accessory  food  substances.  In  fact 
each  of  these  may  be  a  group  of  different  substances. 

The  first  of  these  to  be  considered  is  that  first  discovered  and  called 
now  '  Water  soluble  B.'    This  is  the  anti  beri-beri  vitamine. 

Beri-beri.  There  is  a  curious  metabolic  disease,  called  beri-beri, 
found  among  Eastern  peoples  such  as  the  Filipinos,  the  Japanese  and 
East  Indians,  peoples  who  have  a  very  restricted  diet,  of  which  rice  is 
the  main  staple.    This  disease  is  characterized  as  follows : 

It  begins  with  a  feeling  of  lassitude  accompanied  by  numbness,  stiff- 
ness or  cramps  in  the  legs.  There  is  oedema  of  the  ankles  and  face. 
In  its  further  progress  thje  patient  loses  the  power  of  walking,  there 
is  partial  paralysis  of  the  leg  muscles  and  other  muscles,  accompanied 
by  anesthesia  in  the  affected  areas,  and  often  by  pains  and  tingling  sen- 
sations in  the  feet;  the  oedema  becomes  more  general  and  breathlessness 
and  palpitation  may  come  on.  There  are  neither  fever  nor  brain  symp 
toms.  The  symptoms  are  those  of  a  peripheral  neuritis  which  may 
involve  the  pneumogastric  and  phrenic  nerves,  but  which  generally 
begins  in  the  regions  farthest  from  the  nerve  centers.  There  is  degen- 
eration of  the  muscles.  The  mortality  may  be  as  high  as  50  per  cent. 
This  disease  has  been  variously  explained  in  the  past,  some  consider- 
ing it  due  to  spoiled  rice,  others  to  an  infection  of  some  kind.  It  has 
become  possible  to  study  it  through  the  discovery  of  a  similar  disease 
in  fowls  which  may  be  produced  artificially,  this  is  the  polyneuritis  of 
birds. 

If  fowls  are  fed  exclusively  on  polished  rice,  that  is  the  white  rice, 
the  reddish  exterior  having  been  polished  away,  no  changes  are  apparent 
for  several  weeks,  but  suddenly  the  symptoms  appear  and  in  the  course 
of  a  couple  of  days  or  more  they  go  rapidly  to  a  fatal  ending.  The 
fowls  become  unable  to  walk  about,  then  they  become  weaker,  lie  over 
on  their  sides  and  will  surely  die  if  the  diet  is  not  changed.  Figures  64 
and  65.  If,  however,  the  fowls  are  fed  rice  to  which  a  little  of  the  bran 
has  been  added,  or  if  they  are  fed  unpolished  rice,  they  are  not  subject 
to  the  disease.  They  recover  even  when  very  ill  by  the  injection  of  the 
extract  of  bran.  It  seems,  therefore,  to  be  clear  that  there  is  some- 
thing in  the  bran  of  rice,  or  in  the  outer  layer  of  the  kernels,  which  is 
absolutely  necessary  for  the  nourishment  of  the  body  of  the  fowl  when 
it  is  on  a  rice  diet.  This  substance  is  present  in  very  small  amounts. 
An  amount  of  'solid  extract  weighing  a  few  mgs.  is  sufficient  to  cure 
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•FiGS.    64    AND    65. — Early    and    late    stages    of    oolyneurltls    in    fowls   after    eating 
eecVusively  polishea  rice  (Funfe). 

a  fowl  when  very  ill.  Concerning  the  nature  of  this  substance,  it  may- 
be said  that  it  is  not  protein,  it  is  soluble  in  alcohol,  it  probably  con- 
tains nitrogen,  it  is  organic  in  nature.  Funk  thought  that  it  was  allied 
to  th.e  pyrimidins,  but  the  evidence  is  very  unconvincing.     Whatever 
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its  nature,  it  would  seem  that  it  must  be  present  in  the  foods.  Fat, 
protein,  carbohydrate,  mineral  matters  and  energy  are  insufficient  to 
nourish  the  body  in  its  absence.  Its  lack  appears  to  affect  the  peripheral 
nerves  first,  leading  to  their  degeneration.    Figure  66. 


Fig.  66. — Degeneration  in  the  peripheral  nerves  of  fowls  with  polyneuritis  (Fonk). 

Inasmuch  as  human  beings  who  take  unpolished  rice  seem  to  be  free 
from  beri-beri,  the  conclusion  has  been  drawn  that  beri-beri  is  also  due 
to  the  lack  of  this  vitamine  which  is  found  in  the  bran  of  rice,  of 
wheat  and  in  many  other  foods.  It  must  be  remembered,  however, 
that  peripheral  neuritis  may  be  produced  in  many  different  ways.  It 
occurs  in  arsenical  and  lead  poisoning,  also  in  pellagra  and  in  alcoholics. 
It  is  perhaps  not  entirely  certain  that  beri-beri  is  caused  directly  by 
polished  rice,  although  that  seems  at  present  most  probable. 

Further  studies  into  the  nature  of  the  curative  substance  have  shown 
that  it  is  extractable  from  a  great  variety  of  tissues,  both  plants  and 
animals,  by  alcohol.  It  follows  the  lipin  fraction,  but  is  probably  not 
itself  a  lipin.  Lecithin,  cephalin,  cerebrin,  protagon,  cholesterol,  choline, 
nicotinic  acid,  guanidine  and  other  substances  isolated  from  the  lipoid 
fraction  are  without  any  curative  action.  The  substance  contains  no 
phosphorus.  It  probably  contains  nitrogen,  since  it  is  precipitated_  by 
phospbotungstic  acid.  It  is  precipitated  from  its  alcoholic  solution  by 
ether.  It  is  insoluble  in  acetone,  benzene,  chloroform  and  ether.  It  is 
precipitated  from  its  aqueous  solution  by  Lloyd's  alkaloidal  reagent, 
a  hydrosilicate  of  alumina  (fuller's  earth)  which  precipitates  such 
alkaloids  as  strychnine,  atropine,  emetine,  etc.,  from  solutions  of  their 
salts.  When  so  precipitated  adenine  may  be  recovered  from  the  pre- 
cipitate, but  adenine  itself  has  no  curative  action.    It  has  been  suggested 
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that  it  is  a  tautomer  of  adenine,  but  of  this  there  is  no  proof.  It  may- 
be separated  by  Lloyd's  reagent  from  the  anti-scorbutic,  Water  soluble 
C,  which  is  not  precipitated.  It  is  soluble  in  water  and  is  destroyed 
by  boiling  for  some  time,  and  by  alkalies,  even  weak  alkalies  like  am- 
monia. It  is  more  stable  in  acids.  It  loses  its  activity  on  standing  in 
a  desiccator.  Solutions  which  have  a  curative  action  generally,  if  not 
always,  give  a  blue  color  with  phosphotungstic  acid,  both  the  uric  acid 
reagent  and  the  polyphenol  reagent  of  Polin  and  Denis.  It  is  hence 
apparently  a  reducing  substance.  The  substance  is  found  not  only  in 
bran,  but  in  milk,  in  muscle  of  all  kinds,  in  the  alcoholic  extract  of  the 
brain,  in  autolyzing  yeast  and  in  other  locations.  It  is  apparently  very 
unstable,  particularly  in  light  and  in  the  presence  of  oxygen.  It  is 
probable  that  the  results  obtained  by  Stepp,  who  found  that  food  sub- 
stances thoroughly  extracted  with  alcohol  would  no  longer  permit  of 
growth  and  properly  nourish  animals,  were  due  to  the  absence  of  these 
vitamines  and  not  to  the  absence  of  the  lipoid,  as  he  supposed.  The 
relation  of  vitamines  to  growth  will  be  discussed  in  a  moment. 

Further  careful  investigation  has  shown  that  "Water  soluble  B  is 
found  in  rich  amounts  in  seeds,  tubers,  such  as  carrots,  turnips,  leaves, 
yeast,  milk,  eggs,  and  in  fact  it  is  widespread  in  nature.  It  is  found  in 
cotton  seed,  millet  seed,  flaxseed,  kafir  com,  hempseed,  cabbage,  alfalfa, 
clover,  timothy,  spinach,  potato,  carrots,  onion,  turnips,  leaves,  stem  and 
root  of  beet,  and  tomatoes.  There  is  very  little  in  patent  flour.  It  sticks 
to  edestin,  in  the  purification  of  the  latter,  as  if  it  were  an  acid. 

The  presence  of  B  may  be  proved  by  yeast.  '  Williams  has  shown 
that  yeast  will  not  grow  in  its  absence. 

It  appears,  then,  from  these  experiments  that  birds,  and  human 
beings  as  well,  require  in  their  food  certain  unknown  substances  of  an 
organic  nature  which  are  absolutely  necessary  to  life.  The  evidence 
points,  on  the  whole,  to  Funk's  conclusion  that  they  are  pyrimidin 
derivatives.  Possibly  they  are  allied  to  alloxain  or  alloxantin,  both  of 
which  are  unstable.  The  discovery  of  the  nature  of  these  substances,  or 
of  this  substance,  is  a  very  important  matter.  Nicotinic  acid  is  found  in 
the  partially  purified  product,  but  nicotinic  acid  is  itself  inactive.  Funk 
has  suggested  that  possibly  a  mother  substance  of  nicotinic  acid  is  the 
active  principle.  All  of  the  purified  substances  extracted  from  bran 
have  been  found  to  be  inactive. 

As  to  its  nature  Williams  states  that  a  hydroxy  pyridine  has  a 
curative  action  on  polyneuritis  and  that  it  is  the  pseudobetain  tautomer 
which  is  active.  He  concludes  that  the  curative  form  of  nicotinic  acid 
is  similar.  But  this  result  has  been  questioned  by  Harden.  Butcher 
reported  that  pilocarpine,  thyroxin  and  tethelin  had  some  curative  action 
on  beri-beri,  but  assuredly  the  action  of  these  substances  is  far  weaker 
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than  the  vitamine  itself.    All  that  one  gets  is  a  slight  prolongment  of  life. 

Pellagra.  Another  disease  with  some  points  of  resemblance  to  beri- 
beri is  pellagra.  The  name  means  rough  skin,  the  skin,  particularly  on 
the  backs  of  the  hands  and  about  the  neck,  being  thickened  and  rough 
Neuritis  occurs  here  also  and  the  symptoms  of  disturbance  of  the  central 
nervous  system  are  more  pronounced.  This  disease  was  long  ascribed 
by  the  Italian  investigators  to  spoiled  maize.  It  is  common  in  the 
Southern  States  and  in  Italy.  Other  investigators  have  recently  ascribed 
it  to  an  infection  carried  by  a  fly  or  insect-carrier.  Whatever  may  be 
the  explanation  of  the  cause  of  this  disease,  there  can  be  no  doubt  about 
the  fact  of  the  impairment  of  the  nutrition  of  the  nervous  system;  but 
whether  this  is  due  to  a  poison  elaborated  by  a  parasite  of  some  kind 
either  in  the  body  or  in  maize,  or  whether  it  is  due  to  the  lack  of  some 
substance  in  the  diet,  cannot  be  positively  stated.  It  occurs  generally 
among  those  having  a  very  restricted  diet  with  several  possible  de- 
ficiencies, but  other  conditions  of  an  unsanitary  nature  have  usually 
been  present,  making  the  determination  of  the  etiology  difficult. 

Fat  soluble  A.  The  growth  vitamine.  In  addition  to  the  anti  beri- 
beri, water  soluble  B  vitamine,  there  is  necessary  for  growth  of  young 
animals,  and  probably  for  the  nourishment  of  adults  as  well,  another 
different  vitamine  or  food  accessory  substance  which  is  usually  found 
in  the  lipin  fraction  of  the  extract  of  the  food  and  is  accordingly  called 
fat  soluble  A.  It  was  first  clearly  recognized  and  distinguished  from 
the  other  by  McCoUum  and  Davis,  although  the  necessity  of  some  acces- 
sory substance  for  growth  of  the  young  was  first  shown  by  Hopkins  in 
England  and  by  Mendel  and  Osborne  in  this  country.  At  first,  how- 
ever, the  two  vitamines  were  confused. 

One  would  naturally  look  for  such  substances  in  milk  and  possibly 
in  eggs,  since  these  two  foods  have  been  provided  especially  to  serve 
the  needs  of  the  rapidly-growing  organism.  If  any  substances  stimu- 
latory of  growth  are  to  be  found  anywhere,  one  would  naturally  look 
first  in  those  foods  which  we  know  to  be  particularly  good  for  growing 
animals  and  particularly  good  for  the  rapidly-growing  nervous  system. 
They  ought  to  be  found  in  human  milk,  since  this  food  has  to  meet  the 
requirements  of  a  very  rapidly-growing  nervous  system.  Such  sub- 
stances have  been  found  in  milk.  Hopkins,  McCoUum  and  Davis,  Hop- 
kins and  Nevill,  and  Osborne  and  Mendel  found,  in  testing  the  efficacy 
of  various  pure  proteins  and  inorganic  salts  in  promoting  the  growth  of 
young  white  rats,  that  artificial  diets  containing  some  protein,  such  as 
edestin,  albumin  or  casein,  some  inorganic  salts  like  those  of  milk,  some 
starch,  and  lard  nourished  the  animals  for  a  time,  but  that  sooner  or  later 
they  ceased  to  grow,  so  that  they  rarely  attained  more  than  two-thirds  of 
the  weight  normal  for  rats  of  their  age.    If  at  this  time  some  butter 
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fat  was  substituted  for  a  portion  of  the  lard,  the  remainder  of  the  diet 
being  the  same  and  the  total  energy  not- changing,  the  rats  began  to 
grow  again  and  very  rapidly  reached  their  normal  weight.  Further- 
more, milij  itself  has  in  it  all  the  substances  necessary  for  the  growth 
and  maintenance  of  rats.     These  experiments  are  illustrated  in  the 


FiQ.  67. — ("ill  Vfs  of  body  weights  of  rats  which  have  ceased  to  grow  and  have  declined 
on  foods  containing  the  natural  "  protein-free  milk  "  and  have  recovered  when  18  per  cent, 
unsalted  butter  replaced  the  same  quantity  of  lard  in  the  diet,  as  indicated  by  the  inter- 
rupted lines  (—0—0—0—).  Rats  1204,  1281,  1292  had  casein:  rats  126S,  1276  had 
ovalbumin  as  the  sole  protein.  Ordlnates  represent  grams  body  weight;  abscissas  20-day 
intervals.  The  diet  was  :  Purified  protein,  18  per  cent. ;  starch,  26  per  cent. ;  protein- 
free  milk,  28  per  cent. ;  lard,  10  per  cent. ;  butter,  18  per  cent. 

curves  in  Figure  67.     Sterilization  of  the  milk  did  not  in  any  way 
interfere  with  the  value  of  the  fat  as  a  growth  stimulant. 

The  experiments  of  Hopkins  and  Nevill  were  as  follows:  Twenty- 
four  rats  from  various  sources  weighing  from  50-60  grams  each  were 
placed  on  a  diet  containing  protein  and  starch,  which  had  been  care- 
fully extracted  with  alcohol ;  lactose,  which  had  been  repeatedly  crys- 
tallized and  extracted  with  alcohol;  and  a  salt  mixture  similar  to  that 
used  by  Mendel  and  Osborne.  Every  rat,  although  eating  well  and 
taking  sufficient  food  to  cover  its  energy  needs,  quickly  ceased  to  grow, 
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sonic  on  the  sixth  day,  some  on  the  ninth  and  all  before  the  fifteenth  day. 
A  short  period  followed  when  they  kept  their  weight,  and  to  this  suc- 
ceeded a  period  of  gradual  decline  in  weight.  The  diet  was  kept  the 
same  for  18  of  them  up  to  death.  Fourteen  of  them  died  about  the 
fortieth  day.  In  the  ease  of  six  of  the  same  set  of  rats  after  the  decline 
had  begun,  2  c.c.  of  milk  per  diem  were  added  to  the  ration.    An  imme- 


Days 


FiQ.  67A. — iSuiiif  as  Illustrated  la  Figure  GT  except  that  the  rats  were  all  males  and 
18  per  cent,  of  butter  tat,  In  place  o£  butter,  as  in  Figure  67,  was  addeJ  to  the  diet,  after 
decline  had  set  in,  in  place  of  an  equal  amount  of  lard  which  was  discontinued.  Rata 
1224,  1235  had  casein ;  1391,  edestln ;  1616,  zeln  and  casein. 

diate  betterment  of  the  general  condition  was  observed,  growth  was  re- 
established and  health  was  maintained.  Another  lot  of  six  rats  were 
given  a  little  milk  in  addition  to  the  ration  of  alcohol-extracted  foods 
and  these  grew  normally. 

The  active  substances  in  the  butter  fat  are  still  undetermined.  Cod- 
liver  oil  will  act  like  the  butter  in  promoting  growth.  Olive  oil  does 
not.  Cholesterol  is  ineffective.  The  butter  fat  used  by  Osborne  and 
Mendel  contained  neither  ash,  phosphoric  acid  nor  nitrogen.  The  active 
substance  for  growth,  they  conclude,  is  probably  not  a  glyceride  of 
the  ordinary  fatty  acids,  nor  a  phospholipin,  nor  a  vitamine  in  the  sense 
of  Funk.    Wliat  it  is  must  be  determined  by  experiment. 

Some  experiments  by  Carrel  may  also  be  mentioned  in  this 
connection.    Carrel  has  been  growing  tissues  taken  from  the  living 
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organism  in  artificial  culture  media  by  Harrison's  method  of  tissue 
culture.  He  found  that  if  he  placed  these  growing  tissues  in  blood 
serum  taken  from  adults,  they  continued  to  live  for  a  long  time,  but 
they  did  not  grow.  The  cells  did  not  reproduce.  If,  however,  the 
culture  was  made  in  the  blood  serum  of  young  and  growing  animals, 
then  the  growth  took  place  vigorously.  It  seems  that  there  is  some 
substance  in  the  blood  of  young  and  growing  animals  which  is  not  pres- 
ent in  that  of  adults.  What  the  nature  of  this  substance  is,  is  still 
unknown.  If  this  experiment  shall  prove  to  be  generally  successful  with 
many  tissues  and  with  the  young  and  old  sera,  it  would  seem  that  we 
might  at  last  be  on  the  track  of  the  substances  of  youth. 

Fat  soluble  A  has  been  found  in  butter  fat,  egg  yolk  and  fat,  cod- 
liver  oil,  beef  oil,  oleomargarine,  cod  testicles,  pig  kidneys,  pig  liver  and 
liver  oil,  whale  oil,  fat  fish,  seal  oil,  fish  oils,  dried  and  unsweetened 
condensed  milk;  in  corn,  wheat  germ,  rye  and  oats,  in  leaves  of  plants, 
cotton  seed  flour  and  oil,  olive  oil  in  small  amounts,  flaxseed,  millet 
and  hemp  seed,  soy  beans,  peas  and  bananas.  It  is  absent  or  present  in 
very  small  amounts  in  lard,  pig  heart,  almond  oil,  sunflower  oil,  linseed 
oil,  com  oil,  wheat,  soy  beans,  cottonseed  oil,  nut  margarine,  hydro- 
genated  vegetable  and  animal  oils  (destroyed  by  the  temperature),  vege- 
table margarine,  white  beans,  barley,  potato,  pancreas,  thymus  and 
suprarenal. 

In  experiments  on  rats  a  diet  free  from  fat  soluble  A  is  generally 
chosen  for  a  basal  diet  somewhat  of  the  following  kind : 

Basal  mixture    12  grams. 

Starch  75  per  cent. 

Casein  20  per  cent.  * 

Salts  5  per  cent.' 

Antiscorbutic   (equiv.  to  lemon  juice)    %     5  c.c. 

Autolysed  yeast  (to  give  B ) 5  c.c. 

Olive  oil   0.75  c.c. 

Pat  soluble  A  has  also  another  function.  It  appears  to  be  the  substance 
which  protects  against  rickets.  Rickets  is  a  disease  of  the  following 
characteristics:  Softening  of  the  bones,  defective  teeth  or  retardation 
of  development,  soreness  and  tenderness  of  body,  enlargement  of  liver 
and  spleen  and  malnutrition.  This  disease,  or  a  disease  which  appears 
^  The.McCollum  salt  mixture  is  as  follows: 

NaCl     1.73  grams. 


MgSO^    2.66 

NaH^PO^H^O   3.47 

K  HPO  *  ?. 9.54 

CaH(p6^)j 5.40 

Ca  lactate  13.0 

Ferric  citrate  1.18 


(anhydrous) 
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in  its  main  features  to  be  identical  with  the  human  disease  may  be 
induced  very  easily  in  pups  by  the  following  diet  (Mellanby) : 

Separated  milk   175-350  c.c. 

70  per  cent,  wheaten  bread Ad  lib. 

Linseed  oil  5-10  c.c. 

Yeast 5-10  grama. 

Orange  or  lemon  juice 3  c.c. 

NaCl    2  gms 

This  diet  is  deficient  in  calcium  possibly,  and  in  fat  soluble  A.  This 
will  produce  a  rapid  development  of  rickets  easily  recognizable  by 
X-ray  photographs  within  six  weeks  of  the  beginning  of  the  diet.  It 
comes  on  more  rapidly  the  more  rapidly  the  pup  is  growing.  10  grams 
of  added  butter  or  cod-liver  oil  completely  prevents  the  disease.  Cotton- 
seed oil,  olive  oil  or  babassu  oil  does  not  prevent  it  when  substituted  for 
the  butter.  Hydrogenated  fats  act  like  linseed  oil  and  do  not  prevent 
rickets.  It  appears  that  fat  soluble  A  or  something  associated  with  it  is 
particularly  concerned  in  the  calcification  processes  of  bones  and  teeth. 
McCollum  thinks  that  several  factors  co-operate  in  the  production  of 
rickets,  namely  deficiency  of  calcium  and  of  fat  soluble  A  and  incom- 
plete proteins.  Still  another  function  of  fat  soluble  A  is  to  protect 
against  a  disease  of  the  eyes  called  xeropthalmia.  Rats  which  are  on 
a  diet  deficient  in  A  develop  this  disease  and  if  the  diet  is  not  changed 
they  become  blind.  The  disease  is  marked  by  ulceration  of  the  cornea 
and  dryness  of  the  eyes.  A  similar  disease  occurs  among  children.  The 
cause  of  the  disease,  whether  bacterial  or  not,  is  not  known.  It  may  be 
that  the  deficiency  simply  lowers  the  vital  resistance.  At  any  rate  this 
disease  seems  a  fairly  sure  indication  that  the  animals  are  not  receiving 
their  requirement  of  A.  The  addition  of  a  little  butter,  of  fat  from  fresh 
leaves,  cod-liver  oil,  or  other  substance  to  the  diet  which  contains  A  leads 
to  a  prompt  recovery  if  the  disease  has  not  gone  too  far. 

The  anti-scorbutic  vitamine.  Water  soluble  C.  Scurvy  is  a  disease 
which  was  very  common  in  armies  and  in  crews  of  sailing  vessels  in  the 
past  when  fresh  and  canned  vegetables  were  seldom  eaten  and  the  diet 
consisted  largely  Of  flour  and  salt  or  preserved  meat.  It  was  early 
recognized  that  certain  articles  of  diet  such  as  lemons,  oranges  or  fresh 
vegetables  were  preventives  of  the  disease  and  that  thSy  had  also  a 
remarkable  curative  effect  on  scurvy  victims.  Scurvy  is  not  at  all  con- 
fined to  sailors  and  camps.  It  is  very  common  among  children  and  its 
milder  forms,  or  incipient  stages,  were  until  recently  generally  over- 
looked. Many  cases  of  teething  troubles,  so  called,  in  children  are  in 
reality  incipient  scurvy. 

The  symptoms  of  scurvy  are  as  follows:  Soreness,  sponginess  and 
bleeding  of  the  gums,  loosening  of  the  teeth;  hemorrhages  under  the 
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periosteum  of  the  bones  and  in  almost  every  part  of  the  body ;  weakness 
and  almost  complete  powerlessness  of  the  legs  or  hind  limbs,  pseudo- 
paralyses,  the  result  apparently  of  hemorrhages  in  the  hip  and  knee 
joints.  The  bones  become  fragile  and  there  is  enlargement  and  dis- 
ruption of  the  rib  junctions.  In  the  advanced  stage  of  the  disease  the 
whole  body  and  limbs  are  tender.  In  infants  in  the  incipient  stages  the 
children  are  generally  anemic  and  growth  is  retarded.  They  become 
fretful  and  their  gums  sore.  These  are  the  first  signs  to  be  observed. 
Infants  later  cease  to  gain  and  begin  to  lose  weight.  An  interesting 
case  of  this  sort  occurred  in  the  Hebrew  Infant  Asylum  in  New  York 
(Hess  and  Fish) .  In  this  institution  it  had  been  the  custom  to  pasteurize 
the  milk  at  63°  C.  (145°  F.)  for  30  minutes  and  it  was  also  the  custom 
to  give  a  certain  amount  of  orange  juice  to  the  children.  Under  this 
diet  there  was  no  scurvy.  But  owing  to  the  report  of  the  American 
Medical  Milk  Commission  that  pasteurized  milk  was  in  every  way  the 
equivalent  of  raw  milk  the  use  of  the  orange  juice  was  discontinued. 
The  result  was  that  the  cessation  of  the  orange  juice  was  followed  by  the 
outbreak  of  an  epidemic  of  mild  scurvy  about  2  to  4  months  later.  The 
children  were  fretful,  showed  marked  pallor,  loss  of  appetite,  and  some 
degree  of  anemia;  they  ceased  to  gain  in  weight  and  length.  In  a  few 
cases  there  were  distinct  hemorrhages  in  the  mouth  and  elsewhere  and 
in  others  the  blue  line  of  induration  about  the  margins  of  the  teeth. 
All  were  more  than  6  months  old.  The  scorbutic  nature  of  the  epidemic 
was  proved  by  substitution  of  raw  milk  for  the  heated  and  by  the  addi- 
tion of  an  extra  antiscorbutic  to  the  diet  when  the  symptoms  disap- 
peared. 

The  foregoing  case  shows  that  heated  milk  is  not  so  good  an  anti- 
scorbutic as  raw  mUk.  Further  investigation  has  shown  that  milk  is 
at  the  best  but  a  poor  antiscorbutic.  Large  quantities  of  milk  must  be 
taken  to  prevent  scurvy.  Flor  example,  in  guinea  pigs  Barnes  and 
Hume  report  that  while  1.5  to  10  grams  daily  of  many  raw  vegetables 
and  fruits  will  protect  from  scurvy,  100  to  150  c.c.  of  cows'  milk  was 
necessary  to  accomplish  the  same  end.  Heated  milk  is  not  nearly  so 
good  as  unheated,  and  dried  milk  powder,  although  in  the  process  em- 
ployed it  is  exposed  to  high  temperature  for  a  few  seconds  only,  yet 
its  antiscorbutic  powers  are  largely  destroyed.  Kaw  vegetables,  raw 
fruits  are  necessary.  Even  drying  vegetables  at  a  low  temperature 
destroys  much  or  all  of  their  antiscorbutic  powers.  The  armies  in  the 
late  war  tried  dried  vegetables  as  an  antiscorbutic,  although  they  had 
been  tried  many  times  before  with  the  same  negative  result.  Whatever 
the  nature  of  the  vitamine  may  be  it  is  clearly  of  a  very  unstable  nature 
under  the  conditions  in  which  it  naturally  occurs. 

Among  the  means  found  of  rendering  some  foods  poor  in  water 
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soluble  C  sufficiently  rich  to  be  valuable  is  by  germination.  Seeds  such 
as  barley  and  wheat,  or  peas,  beans  or  lentils,  have  no  antiscorbutic 
properties.  But  if  they  are  sprouted,  then  they  acquired  antiscorbutic 
properties.  This  fact  again  was  discovered  by  uninstructed  people 
ignorant  of  the  science  of  nutrition,  and  it  has  been  confirmed  by  scien- 
tific investigation. 

Concerning  the  nature  of  the  anti-scorbutic  vitamine  C  little  can 
be  said.  It  is  soluble  in  water;  it  is  very  unstable;  it  is  not  adsorbed 
by  fuller's  earth. 

The  great  value  of  green  vegetables,  salads,  etc.,  consists  in  the  fact 
that  they  act  as  anti-scorbutics.  The  food  value  of  cabbage,  from  the 
point  of  view  of  calories,  or  energy,  is  very  little,  but  as  an  anti-scorbutic 
it  is  very  great.  Lettuce,  fresh  tomatoes,  fresh  berries  of  all  kinds, 
fruits — these  are  the  food  articles  which  by  common  experience  have*  the 
reputation  of  being  in  some  way  healthful.  Science  has  only  confirmed 
the  discovery  of  our  ancestors.  It  may  in  the  future  show  what  the 
accessory  foods  are.  The  general  result  of  many  years*  investigation 
may  be  summed  up  as  being  the  discovery  that  milk  and  eggs  are  very 
good  foods  for  children,  and  that  no  artificial  food  mixture  has  been 
found  so  good  for  children  as  their  mother's  milk. 

Tissue  respiration. — Combustion  is  the  source  of  all  the  energy  of 
the  human  body  in  whatever  form  that  energy  may  show  itself.  This 
combustion  occurs  in  the  living  matter;  it  is  the  process  of  respiration. 
We  cannot  do  better  than  to  close  this  account  of  the  principles  of 
chemical  biology  by  a  brief  examination  of  this  most  fundamental 
process.  It  is  the  breathing  brain  which  is  conscious.  When  oxygen 
unites  with  carbon  and  hydrogen  in  the  brain  under  certain  conditions, 
it  produces  or  is  accompanied  by  the  psychic  processes.  The  nature  of 
respiration  appears  then  to  be  the  problem  of  all  others  of  a  chemical 
nature  which  it  is  desirable  should  be  solved.  Unfortunately  we  are 
still  far  from  understanding  the  nature  of  this  process,  and  there  are 
in  fact  two  main  views  as  to  its  nature,  and  these  two  views  are  on 
the  whole  very  antagonistic.  They  have  been  expressed  by  various 
observers  under  various  guises,  for  the  problem  remains  the  same, 
although  its  outward  form  may  change.  The  problem  is  this:  Do  the 
substances  which  enter  the  living  protoplasm  become  part  of  the  living 
protoplast  before  they  bum,  or  not?  What  conception  shall  we  have 
of  the  living  matter  with  which  the  chapters  of  this  book  have  dealt? 
There  are  two  possibilities:  one  is  that  the  cell  is  a  kind  of  factory, 
the  walls  separating  the  rooms  of  which  are  made  of  colloidal  matter 
which  is  relatively  inert.  The  chemical  changes  which  occur  in  the 
cell  are  due  to  the  changes  which  are  occurring  in  these  separate  rooms. 
This  may  be  called  the  compartment  theory.    These  compartments  may 
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be  very  small.  Each  may  be  imagined  to  have  one  or  several  enzymes 
or  catalytic  agents  in  it.  These  produce  chemical  decompositions,  by 
purely  chemical  processes,  in  the  amino-aeids,  sugars,  or  other  substances 
which  penetrate  the  compartments.  They  may  undergo  a  process  of 
fermentation  by  which  COj  is  produced.  They  may  be  oxidized,  or 
hydrolyzed  or  otherwise  changed.  Or  they  may  be  combined  with  the 
walls  of  the  compartment,  either  physically  by  adsorption,  or  by  chemical 
union,  and  thus  contribute  to  the  chemical  constitution  of  the  colloids. 
Aceording  to  this  view,  the  oxidations  in  the  cell  are  in  all  respects 
like  those  outside  the  cell.  They  are  produced  by  active  agents,  oxidases 
of  various  kinds,  which  can  be  isolated  from  the  cell  and  found  outside 
to  carry  on  the  activities  of  protoplasm.  By  the  oxidations  of  these 
substances  acids  or  other  compounds  are  produced,  or  heat  is  set  free, 
and  these  compounds,  or  this  heat,  cause  the  change  in  the  amount  of 
water  in  the  cell  and  so  the  physical  changes  of  the  lifeless  colloidal 
material  of  the  cell.  These  find  their  expression  in  the  various  forms 
of  vital  actions.  This  view  was  advocated  by  Hofmeister,  among 
others,  and  it  has  been  defended  by  Hopkins.  According  to  this  view, 
there  is  no  vital  matter  in  the  cell;  and  the  chemical  transformations 
do  not  involve  any  large  biogene  molecule,  but  only  such  transforma- 
tions as  those  with  which  we  are  all  familiar,  of  relatively  simple  com- 
pounds in  solution..  The  evidence  in  favor  of  this  view  is  the  fact  that  we 
are  constantly  succeeding  in  isolating  from  cells  catalytic  agents  which 
cause  in  aqueous  solution,  in  the  beaker,  oxidations,  fermentations  and 
hydrolyses  identical  in  their  main  features  with  those  in  living  matter. 
There  is  no  denying  the  fact  that  there  are  many  powerful  evidences  for 
the  truth  of  this  view.  But  it  cannot  be  denied  that  there  are  also  grave 
difficulties  in  its  way.  According  to  this  view,  the  cell  is  not  a  unit; 
it  is  a  large  collection  of  separate  enzymes,  confined  to  separate  parts, 
or  compartments,  of  the  cell.  It  gives  no  explanation  of  the  apparent 
unity  of  the  cell  and  the  organism.  The  shapes  of  organisms  are  as 
characteristic  as  those  of  crystals.  In  crystals  the  matter  is  organized. 
In  living  matter,  also,  the  matter  is  certainly  organized.  What  is  the 
organizing  force  in  living  matter  ?  How  shall  we  explain  irritability  and 
the  phenomena  of  narcosis  or  anesthesia  on  the  basis  of  the  view  just 
stated?  The  hypothesis  that  these  drugs  are  acting  by  altering  the 
permeability  of  the  walls  of  the  compartments  has  not  yet  been  sub- 
stantiated by  any  evidence  which  is  really  conclusive.  It  is  certain  that 
they  influence  the  chemical  processes  profoundly  since  growth  and 
respiration  are  annihilated  by  them ;  but  anesthetics  do  not  materially 
alter  most  of  the  oxidations  outside  the  cell. 

For  these  reasons  another  view  has  been  proposed  which  has  certain 
merits  of  its  own.    This  view  has  been  expressed  by  Pfliiger,  Verworn 


852  PHYSIOLOGICAL   CHEMISTRY 

and  other  physiol(^sts,  often  in  slightly  different  forms,  but  in  its  essen- 

cials  the  same.  The  essential  basis  of  this  view  is  that  the  organizing 
property  of  the  cell  is  made  the  point  of  departure.  Living  matter 
organizes  the  food  that  it  receives  and  keeps  what  it  needs;  it  makes 
always  the  right  kind  of  living  matter.  Now  there  are  two  ways  in 
which  we  may  picture  this  organization  force.  The  cell  may  be  pictured 
as  a  kind  of  a  kitchen  in  which  there  is  a  maid  of  all  work,  as  Du  Bois 
Raymond  puts  it.  She  receives  the  provisions,  cooks  the  meals,  throw; 
out  the  wastes  and  keeps  all  in  order.  This  maid  of  all  work  ha« 
received  various  names.  Sometimes  she  is  called  entelechy,  or  vital 
force,  but  whatever  her  name  her  functions  and  activities  are  pictured 
by  aU  who  would  employ  her  in  their  scheme  of  cell  physiology,  as 
being  essentially  the  same.  As  long  as  the  cell  lives  she  is  there ;  when 
she  departs,  things  go  at  sixes  and  sevens  and  the  machinery  no  longer 
works  and  the  cell  dies.  The  only  escape  from  this  conception,  which 
recently  has  been  again  strongly  advocated  by  Sir  Oliver  Lodge  in  his 
Presidential  address  before  the  British  Association  for  the  Advancement 
of  Science,  is  to  ascribe  the  organizing  forces  of  the  cell  to  the  molecules 
of  which  it  is  composed.  There  are  only  two  possibilities:  either  the 
molecules  organize  themselves  as  they  do  in  a  crystal  or  else  something 
else  organizes  them,  for  that  they  are  organized  into  a  definite  and 
characteristic  form  there  is  no  doubt.  Accordingly  it  is  assumed  that  it 
is  the  molecular  forces  in  the  biogenes  or  large  molecules  of  the  cell. 
These  large  molecules  are  themselves  the  living,  respiring  units.  It  is  the 
living  matter,  the  organized  matter  itself,  which  is  primarily  burning 
in  the  protoplasm.  But  this  is  only  part  of  the  combustion.  When 
combustion  occurs  in  an  auto-oxidizable  matter,  such  as  a  biogene,  there 
is  formed,  according  to  nearly  all  observers,  a  portion  of  hydrogen 
peroxide.  That  hydrogen  peroxide  is  also  formed  in  the  course  of  living 
oxidations  is  indicated  by  the  fact  that  there  is  present  in  all  forms  of 
living  matter  a  special  enzyme,  catalase,  which  has  the  property  of  decom- 
posing it  and  setting  free  oxygen.  It  is  hardly  probable  that  this 
catalase  would  be  present  in  all  forms  of  living  matter  without  excep- 
tion, unless  it  had  some  function  there.  We  may  assume  that  this 
hydrogen  peroxide  burns  some  of  the  molecules  in  solution  in  the  cell. 
This  is  the  other  part  of  the  combustion.  Respiration  consists  on 
this  view  of  two  processes,  the  physiological  or  auto-oxidation  of  the 
real  living  protoplast  or  biogenes,  and  the  oxidation,  by  means  of  the 
hydrogen  peroxide,  which  is  a  secondary  product  of  the  primary  respi- 
ration, of  amino-acids  and  other  fragments  present  in  the  solution.  It 
is  this  oxidation  which  Hopkins  has  described.  But  this  oxidation  on 
this  view  is  not  the  essential  and  primary  oxidation.  It  is  certainly  a 
suggestive  fact  that  the  oxidations  of  this  nature,  of  the  amino-acids  in 
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cells  and  various  fatty  acids  and  other  substances,  are  identical  in  char- 
acter with  those  which  are  produced  by  hydrogen  peroxide,  as  Dakin 
has  shown. 

We  may,  therefore,  make  the  following  picture  of  the  fate  of  sub- 
stances, such  as  amino-acids  for  example,  on  entering  protoplasm.  The 
amino-acid  may  enter  the  cell  in  solution,  or  it  may  ultimately  find  itself 
in  solution  in  the  water  in  the  cell.  Before  it  is  combined  with  the 
protoplast  or  otherwise  made  over  into  the  colloidal  material  of  the 
cell,  it  has  to  run  the  gauntlet  of  the  hydrogen  peroxide  and  the  oxidases. 
A  portion  of  the  amino-acid  is  decomposed  by  this  means  and  con- 
verted into  ketonic  acid  and  ammonia.  The  ketonie  acid  may  be  subse- 
quently burned  or  it  may  be  synthesized  into  the  colloidal  substratum  of 
the  cell.  A  portion  of  the  amino-acid  is  caught  up  as  such  and  syn- 
thesized into  the  protoplast.  Oxygen  when  it  enters  the  cell  combines 
m  the  first  instance  with  water  and  the  living  protoplast  to  make  the 
irritable  substratum  of  the  cell.  It  is  this  substratum,  a  molecular  union 
of  oxygen,  water  and  protoplast,  which  conducts,  respires,  contracts 
and  is  anesthetized  by  ether.  The  ptotoplast  in  its  turn  consists  of 
unions  of  protein,  phospholipin  and  various  enzymes. 

Whether  this  picture  of  the  process  is  correct  or  not,  there  is  no 
doubt  that  the  respiration  of  the  cell  involves  in  its  totality  some  oxidases, 
hydrogen  peroxide,  catalase,  iron  or  manganese,  and  substances,  pre- 
sumably the  living  protoplast,  which  have  the  power  of  uniting  with  or 
decomposing  the  food  matters  and  thus  increasing  their  power  of 
combustion. 

This  brief  summary  will  serve  to  show  how  meager,  as  yet,  is  our 
knowledge,  how  impotent  our  attempts,  to  give  any  explanation  of  the 
great  and  fundamental  problems  of  physiology  and  physiological  chem- 
istry: the  nature  of  consciousness,  of  animal  and  plant  forms  and  of 
the  fundamental  properties  of  respiration,  irritability  and  growth. 
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PART  III. 

PRACTICAL  WORK  AND  METHODS 

CHAPTER  XXI. 

Equipment  of  the  laboratory. 

a.  Desk  reagents. 
strength                                                                           Strength 

1.  Hydrochloric  acid.     Cone.   ..  37%  11.  Ammonium  oxalate 2% 

2.  Hydrochloric  acid.    Dilute  . .  10  12.  Copper  sulphate  2 

3.  Sulphuric  acid.     Cone 95  13.  Ferric  chloride  2 

4.  Sulphuric  acid.    Dilute 10  14.  Potassium   ferrocyanide   ....  1 

5.  Nitric  acid.    Cone 70  15.  Millon's  reagent. 

(i.  Acetic  acid.     Dilute 10  16.     Magnesium  sulphate Solid 

7.  Lead  acetate 2  17.     Ammonium  sulphate Solid 

S.  Sodium  hydrate  10  18.  Litmus  paper.    Red. 

9.  Sodium  carbonate     10  19.  .  Litmus  paper.    Blue. 

10.  Ammonium  hydrate 10 

A  Word  to  the  Student. — ^Laboratory  work  is  of  value  only  when  it  is  done 
with  a  thorough  understanding  of  what  one  is  trying  to  do;  otherwise  it  is  of  no 
more  value  to  a  student  than  any  other  form  of  mechanical  exercise.  An  experi- 
ment should  never  be  begun  until  the  whole  experiment  has  been  carefully  read 
through  and  a,  clear  conception  had  of  the  object  of  the  experiment.  If  you  do  not 
understand  the  object  of  the  experiment  and  cannot  discover  it  from  reading  the 
directions,  ask  the  instructor.  If  he  cannot  tell  you  the  object  do  not  try  the 
experiment,  or  if  you  do,  try  to  find  out  from  it  what  the  object  was.  The  experi- 
ments in  this  book  all  have  a  particular  object  in  being  there.  Most  of  them  are 
to  enable  you  to  see  for  yourselves  what  is  described  in  the  text;  but  some  are  also 
put  in  to  show  you  methods  of  solving  problems  in  chemical  physiology  or  in 
clinical  diagnosis.  One  generally  remembers  better  what  one  sees  than  what  one 
simply  hears  about.  The  experiments  should  be  done  while  the  text  bearing  on  the 
matter  is  clearly  in  mind.  Read  over  the  work  to  be  done  and  the  text  bearing  on  the 
general  problems  before  coming  to  the  laboratory.  This  will  make  the  laboratory 
work  far  more  valuable,  and  also  remove  from  it  much  of  the  drvidgery.  In  the 
quantitative  work,  if  you  cannot  get  a  result  you  expect,  or  which  you  think  is 
right,  tell  the  instructor  frankly  about  it  and  ask  his  advice.  Perhaps  your 
expectation  may  be  wrong  and  your  results  are  really  right;  or  it  may  be  that  you 
have  made  some  error  in  technique  for  which  he  can  suggest  a  remedy.  It  is  no 
disgrace  to  fail  in  getting  an  necurntp  result  the  first  time  a  new  quantitative 
method  is  tried.  Even  skilled  chemists  often  fail  in  this  same  way.  But  by 
repeating  the  work  one  will  become  skillful.  It  is  better  to  do  one  thing  well  than 
a  dozen  things  badly.  Remember  that  you  are  working  for  your  own  benefit,  and 
that  honesty  is  the  first  requisite  for  success  in  all  walks  of  life,  but  above  all  it 
is  the  foundation  stone  of  science. 
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2.     Side-shelf  reagents. 


7. 

8. 

9. 
10, 
11. 
12, 

13. 

14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31, 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 


Strength 

Acetic  Acid   Glacial  47. 

Acetic  Acid    N  48. 

Alcoholic  Alpha  Uaphthol.  5%  49. 

Alizarin  Red   5%  50. 

Ammonium  Hydrate  (0.90)         61. 

Ammonium    Molybdate     in  52. 

HNO    (5%inmixt.  equal  53. 

pts.  H^O  and  HNOJ  . . .         54. 

Ammonium  Sulphate Sat.  55. 

Ammonium  Sulphide 56. 

Aniline  Acetate 50%  57. 

Barfoed's  Reagent 58. 

Barium  Chloride 5%  59. 

Benedict's    Qualitative    So- 
lution            60. 

Benedict's  Quantitative  So-  61. 

lution   62. 

Bismuth  Subnitrate Solid  63. 

Boas'  Reagent   64. 

Borax  Solution  2%  65. 

Boric  Acid  Sat.  66. 

Bromine  Water  Sat.  67. 

Calcium  Chloride 1 .  5%  68. 

Calcium  Hypochloride  ....          69. 

Casein   Solid  70. 

Charcoal  (animal)    71. 

Chloroform  72. 

Congo  Red   73. 

Cotton   (absorbent)    74. 

Dextrin    Solid  75. 

Dimethylamidoazobenzol    . .  0.5%  76. 

Egg  White   Dried  77. 

Esbaeh's  Reagent   78. 

Fehling's  Solution  No.  1. .  .          79. 

Fehling's  Solution  No.  2.  . .          80. 

Ferric  Ammonium  Sulphate  M/2  81. 

Folin-Shaffer  Reagent   82. 

Formaldehyde    1:5000  83. 

Gelatin    Solid  84. 

Cflucose   Solid  85. 

Glycerol    95-100%  86. 

Glyoxylic  Acid    

Guaiacum  Tincture   1%  87. 

Gum  Arabic  Solid  88. 

Giinzberg's  Reagent   89. 

Haines'  fcjolution  90. 

Hubl's  Iodine  Solution   . . .         91. 

Hydrochloric  Acid   N  92. 

Iodine  in  KI   N/10  93. 

Lactic  Acid N  94. 


Strengta 

Lactose    Solid 

Lead  Acetate,  basic   

Levulose    Solid 

Magnesia  Mixture 

Magnesium  Chloride 1% 

Maltose Solid 

Mercuric  Chloride  1% 

Methyl   Orange   ; .  

Nitric  Acid N 

Olive  Oil  

Orcin    50%  Sat. 

Oxalic  Acid   N 

Para  -dimethyl  -  amido  -  ben-         

zaldehyde  

Paraffin   Solid 

Peptone   Solid 

Phenol   2% 

Phenolphthalein    0.5% 

Phenylhydrazine  HCl  .....  Solid 

Phlorogluqin  in  alcohol  . .  .  2% 

Phosphomolybdie  Acid  ....  2% 

Phosphotungstic  Acid    ....  2% 

Picric  Acid  in  Water Sat. 

Potassium  Bichromate  ....  Com'l 

Potassium  Bichromate  ....  N/2 

Potassium  Bisulphate   ....  Solid 

Potassium  Chromate Sat. 

Potassium  Iodide   1% 

Potassium  Mercuric  Iodide.  Sat. 

Potassium  Oxalate   Solid 

Potassium  Sulphocyanate .  .  2% 

Resorcin  in  Alcohol   0.5% 

Saccharose    Solid 

Silver  Nitrate   1% 

Soap  Solution   i  % 

Sodium  Acetate Solid 

Sodium  Alcoholate 10% 

Sodium  Carbonate N 

Sodium  Chloride   Solid 

Sodium  Chloride  N 

Sodium  Hydrate  40  gms.  in 

100  c.c.  ..  ........  .- 

Sodium  Nitrite   5% 

Sodium  Nitroprusside   ....  Solid 

Sodium  Thiosulphate 1% 

Starch Solid 

Sulphanilic  Acid   5% 

Talcum  Powder  Solid 

Tannic  Acid  in  Alcohol  . . .  20% 

Thymol  in  Alcohol 10% 
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strength  Strength 

95.  Toluene    100%      38.  Vaseline    

96.  Tropaeolin    0.5%      99.  Zine  Sulphate   Solid 

97.  Turpentine  100.  Zinc  Sulphate    Sat 


3.  Special  apparatus  for  general  use. 

a.  Blast  of  air  and  special  apparatus  carrying  aeration  tubes  for  ammonia  deter- 

minations by  aeration.  Each  apparatus  has  places  for  12  simultaneous 
aerations.    See  Figure  72. 

b.  Kjeldahl  digestion  apparatus. 

e.     Block  tin  condenser  still  with  12-20  places  for  ammonia  distillations. 

d.  2  oil  baths  with  tubes  for  use  in  Benedict's  urea  determination.     Figure  71. 

e.  Long  copper  lined  trough  with  running  water  for  dialysis  experiments,  8"  x  8" 

X  15  ft. 

f.  Burettes  connected  with  large  bottles  containing  N/2  and  N/10  H  SO    and  NaOH 

for  quantitative  titrations;  also  with  saturated  Ba(OH)     solution. 

g.  40%   solution   of  soda   lye   containing  Na  S   for  Kjeldahl   determinations.     To 

10  lbs.  NaOH  (Commercial  powder;  soda  lye)  add  while  stirring  11,  320  c.c. 
water  and  then  250  grams  powdered  K  S  or  180  grams  Na  S.  Stir  until  all 
is  dissolved.  Allow  to  settle  out  for  2-3  days  and  siphon  oflF  the  clear 
supernatant  liquid.  For  use  in  Kjeldahl-Gunning  nitrogen  determination. 
Take  100  o.e  of  this  solution  to  neutralize  the  20  c.c.  concentrated  H  SO 

2         4 

used  in  the  digestion.  This  soda  lye  solution  is  best  kept  in  a  large  bottle 
sitting  on  a  large,  enameled-ware  plate  to  protect  from  the  drip,  and  pro- 
vided with  a  bicycle  pump  or  compressed-air  connection  by  which  air  pres- 
sure can  be  made  on  the  solution  so  as  to  drive  some  over  from  the  delivery 
tube.  The  cork  has  two  holes,  one  connecting  with  the  compressed  air  and 
provided  with  a  side  tube  to  remove  the  air  pressure  when  the  required 
amount  of  liquid  is  discharged;  the  other  carrying  the  delivery  tube  which 
opens  near  the  bottom  of  the  soda  lye  bottle. 

h.  The  laboratory  must  of  course  have  other  common  pieces  of  apparatus  such 
as  thermostats,  polariscope,  spectroscope,  colorimeters,  balances,  etc. 

i.     Woolen  blanket,  pail  of  sand,  pail  of  water,  five  extinguishers. 

4.  Desk  outfit  for  each  student. 

One  of  the  blanks  and  the  outfit'  is  in  the  desk  when  the  student  enters  the 
course.  He  checks  off  the  apparatus,  signs  the  blank  and  returns  blank  to  the  store- 
room.   The  blank  is  as  follows: 
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This  list  must  be  checked,  signed,  and  returned  to  the  storeroom  before  the 
student  can  receive  materials  from  the  storeroom. 

Not  returnable  goods  in  the  drawer: — 

Filter  paper,  3  sheets.  1  Test-tube  brush. 

Matches  (safety),  1  box.  1  Towel. 

Soap,  1  cake.  1  Wire  gauze  (4x4  in.). 
1  Sponge. 
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Returnable  goods  in  the  drawer: — 

1  Burette  with  pinch  clamp.  1  Mortar  and  Pestle,  porcelain. 

1  Cylinder,  graduated,  5  c.c.  1  Pipette,  10  c.c. 

1  Cylinder,  graduated,  100  c.c.  1  Pipette,  25  c.c. 

1  File,  triangular.  1  Pipette,  graduated,  5  c.c. 

2  Flasks,  Erlenmeyer,  150  c.c.  1  Test-tube  holder. 

2  Flasks,  Erlenmeyer,  300  c.c.  1  Thermometer,  150°  C. 

1  Flask,  Erlenmeyer,  500  c.c.  3  Tubes,  fermentation.  . 

2  Flasks,  Florence,  250  c.c.  and  500  c.c.        1  Spatula,  horn. 

1  Funnel,  Buchner,  with  rubber  stopper       2  Watch  glasses,  2-inch. 

No.  8.  1  Watch  glass,  3-inch. 

2  Glass  rods,  8-inch. 

Returnable  goods  in  the  cupboard: — 

3  Beakers,  low,  with  lip,     75  c.c.  1  Flask,  filter,  800  c.c. 

2  Beakers,  low,  with  lip,  250  c.c.  2  Funnels,  5  cm.  and  10  cm. 
1  Beaker,  low,  with  lip,  1000  c.c.  3  Rings,  iron. 

3  Bottles,  narrow  mouth,  300  c.c.  1  Ring  stand,  iron. 
1  Burner,  Bunsen,  with  tubing.  12  Test  tubes,  6-inch. 
1  Clamp,  iron  and  attachment.  1  Test  tube  rack. 

1  Disiccator.  1  Tripod,  iron. 

4  Evaporating  dishes,  7  cm.,  10  cm.,  15        1  Wash  bottle,  800  c.c. 

cm.  and  21  cm.  1  Wire  basket. 

Received  these  articles  in  good  condition  and  1  key  for  desk. 

Signed     

University  Address 

Home  Address 

Checked  by 

(The  reverse  side  of  the  blank  carries  the  breakage  account.) 

B.  General  directions  for  work. — The  general  aim  should  be  to 
make  as  much  of  the  work  accurate  and  quantitative  as  possible.  A 
quantitative  experiment  teaches  all  that  a  qualitative  experiment  teaches, 
and  much  besides ;  in  addition  it  requires  careful  and  accurate  manipu- 
lation and  cleanliness,  qualities  so  necessary  to  a  physician  or  chemist. 
In  the  experiments  which  are  described  it  is  essential  when  quantities 
of  certain  materials  are  mentioned  that  they  be  accurately  measured 
and  all  the  conditions  of  the  experiments  carefully  noted  and  fulfilled. 
The  results  of  many  of  the  experiments  are  instructive  only  when  they 
have  been  accurately  performed,  under  given  conditions  and  with  suit- 
able controls. 

The  first  requisites  to  proper  laboratory  manipulation  of  any  kind, 
whether  chemical,  physical  or  surgical,  are  neatness  and  order.  Neat 
workers  only  can  be  accurate  manipulators.  Orderly  workers  usually 
make  fewer  mistakes  in  laboratory  manipulation  than  do  those  who  go 
over  the  work  hurriedly  and  without  system  or  plan. 

Apparatus  found  in  the  desks  should  first  be  cleaned,  rinsed  with 
distilled  water  and  allowed  to  drain.    The  apparatus  should  be  cleaned 
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each  time  immediately  after  using  and  kept  ready  for  use.  Most  of  the 
apparatus  soiled  in  this  work  is  best  cleaned  by  rinsing  well  with  warm 
water,  then  washing  with  soap  and  water  and  brush  or  cloth,  then  again 
rinsing  well  with  warm  water  and  finally  rinsing  with  distilled  water. 
In  every  case  friction  must  be  used  by  rubbing  with  a  brush.  Never 
dry  the  inside  of  a  beaker  or  other  chemical  vessel  with  a  towel.  If  it 
must  be  dried  quickly,  rinse  with  alcohol  and  ether  and  dry  with  a  cur- 
rent of  air ;  or  dry  by  gently  warming  after  rinsing  in  distilled  water. 

Test-tubes  should  never  be  rinsed  only,  but  should  be  washed  by 
means  of  a  brush  and  then  should  be  well  rinsed.  In  most  cases  clean- 
ing mixture  is  not  necessary,  especially  as  usually  employed  by  the  inex- 
perienced. Use  judgment  in  cleaning  your  apparatus ;  for  instance,  do 
not  try  to  remove  fats  by  rinsing  with  cleaning  mixture  and  do  not 
try  to  remove  barium  salts  by  means  of  cleaning  mixture.  Always  use 
the  appropriate  solvent  first,  then  remove  the  excess  of  the  solvent  and 
continue  with  the  washing  as  above.  Pipettes,  after  the  preliminary 
cleaning  with  the  appropriate  solvents  and  rinsing  as  above  indicated, 
often  require  further  treatment  with  hot  cleaning  mixture.  Finally, 
rinse  well  with  warm  water  and  distilled  water. 

In  measuring  reagents,  do  not  insert  a  pipette  into  the  reagent 
bottle,  but  pour  off  about  the  amount  desired  into  a  dry  vessel  and  then 
measure  therefrom  by  the  pipette.  Never  return  solid  or  liquid  reagents 
to  the  stock  bottles.  Never  suck  up  strong  acid  or  alkali  into  a  pipette 
but  measure  these  from  a  measuring  glass  or  burette. 

In  taking  samples  or  reagents  with  a  pipette  be  sure  to  have  your 
pipette  clean  and  dry,  or  rinsed  with  a  part  of  the  solution  at  least 
twice  before  measuring  it  off.  After  rinsing  with  a  part  of  the  solution, 
hold  the  pipette  between  the  thumb  and  second  finger,  draw  up  the 
liquid,  place  the  index  finger  on  the  mouthpiece  and  by  turning  the 
pipette  between  the  thumb  and  second  finger  allow  the  lower  part  of 
the  meniscus  to  come  on  a  level  with  the  mark.  Then  observe  that  no 
drops  adhere  to  the  outside  of  the  pipette  and  transfer  the  liquid  to  the 
proper  vessel.  Allow  to  drain  by  touching  the  side  of  the  vessel  with 
the  tip  of  the  pipette,  hut  never  Uow  into  the  pipette  except  with  the 
Ostwald  pipettes. 

Above  are  given  two  lists  of  reagents  arranged  in  the  order  they  are 
found  on  the  shelves.  Do  not  insert  pipettes,  glass  rods  or  other  utensils 
["nto  these  reagents.  Do  not  lay  the  stoppers  on  the  desk  or  other  sur- 
faces; learn  to  hold  the  stopper  in  your  hand  while  pouring  from  the 
bottle.    Do  not  moisten  litmus  paper  by  means  of  the  stoppers,    please 

RETURN  EACH  BOTTLE  TO  THE  PROPER  PLACE  IMMEDIATELY  APTER  USE. 

Your  note-book  must  contain  for  each  experiment  the  following  data: 
1.  The  object  of  the  experiment;  the  question  to  be  answered  by  the 
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experiment.  Do  not  begin  the  experiment  until  you  know  this.  2.  A 
brief  but  accurate  statement  of  the  methods  employed  for  its  solution. 
3.  All  results  of  weighings,  readings  of  burette,  measurements,  etc.,  at 
the  time  they  are  made.  All  calculations  should  be  given.  4.  A  concise 
critical  statement  of  the  conclusion. 

Filtering.  Nearly  all  slimy  or  flocculent  precipitates  are  best  filtered 
by  folded  or  creased  filters  without  the  use  of  suction.  Crystalline  or 
granular  precipitates  may  be  filtered  to  advantage  with  suction.  If  it 
is  desired  to  save  a  precipitate,  select  the  size  of  the  filter  with  regard 
to  the  size  of  the  precipitate,  not  to  the  size  of  the  filtrate.  Albuminous 
precipitates  which  stick  to  the  filter  are  best  taken  from  the  filter  paper 
while  they  are  still  somewhat  moist.  Use  filter  plate  and  small  filter 
paper  where  possible. 

General  principles.  Avoid  using  excess  of  reagents ;  keep  the  num- 
ber of  different  kinds  of  substances  in  a  solution  as  small  as  possible. 

CAUTION. — Acetone,  alcohol,  ether,  benzene,  glacial  acetic  acid  are 
inflammable.  Never  heat  any  of  them  over  the  free  flame.  Heat  them 
on  the  steam  or  water  or  electric  bath.  Have  no  lights  near  when 
pouring  ether,  acetone  or  benzene  from  one  vessel  to  another.  In  case 
of  fire,  if  in  a  dish  or  flask,  cover  it  with  a  wet  towel,  thus  suffocating  it. 
Water  may  be  added  to  an  alcohol  or  acetone  fire.  Blankets  are  kept  in 
the  laboratory  for  use  if  clothing  catches  flre.  If  strong  ammonia  or 
alkaline  liquids  spurt  into  the  eye,  wash  out  at  once  with  water  and 
follow  as  quickly  as  possible  with  concentrated  boric  acid  solution 
(No.  17).  If  acids  enter  the  eye  wash  with  water  at  once  and  then  with 
borax  solution  (2%)  (No.  16). 


CHAPTER  XXII. 

QUANTITATIVE  SOLUTIONS  AND  ANALYSIS. 
Exercise  I.     Acidimetey  and  Alkalimetry. 

In  this  exercise  there  are  to  be  prepared  for  subsequent  use  standard 
solutions  of  acid  and  alkalies. 

Experiment  i.  The  preparation  of  a  standard  N/ioth  acid,  from 
benzoic  acid. — Prepare  first  a  small  beaker  so  that  it  is  perfectly  clean. 
This  is  to  be  used  to  weigh  into.  To  clean  chemical  glassware,  wash 
first  in  hot  water  and  soap,  rinse  in  hot  water,  then  in  distilled  water, 
then  with  acetone.  The  outside  of  the  beaker  can  be  dried  with  a  towel 
or  linen  or  silk  clean  handkerchief,  but  the  inside  must  always  be  rinsed 
in  pure  water  or  alcohol  or  acetone  or  ether  and  allowed  to  dry.  There 
must  be  no  lint  on  the  beaker  when  it  is  weighed.  Place  the  clean 
beaker  in  your  dessicator  after  it  is  dried.  Do  not  handle  it  with  your 
fingers.  In  lifting  it  from  the  dessicator  use  a  forceps  or  a  clean  dry 
linen  or  silk  handkerchief. 

To  weigh  out  the  acid.  First  test  the  balance  to  see  that  when  set 
in  motion  by  momentarily  placing  the  rider  on  the  right-hand  arm,  it 
swings  equally  to  each  side  of  the  center.  With  the  arms  of  the  balance 
supported  by  the  beam  support  place  the  dry  beaker  on  the  left-hand 
scale  pan.  With  the  beam  support  supporting  the  pans  now  place  a 
weight  on  the  right-hand  side.  Never  handle  the  weights  with  fingers 
or  with  anything  else  than  the  forceps,  preferably  ivory  tipped,  fur- 
nished with  the  weights.  Never  handle  anything  else  than  the  weights 
with  these  forceps.  If  the  first  weight  put  on  is  too  heavy,  turn  up  the 
beam  support  which  lifts  the  knife  edges  off  from  the  agate  plate, 
remove  this  weight  and  put  on  the  next  lighter.  Lower  the  beam 
always  very  gently  so  as  not  to  injure  the  knife  edges.  Proceed  in  this 
manner  until  a  weight  is  on  the  right-hand  scale  pan  which  is  lighter 
than  the  beaker,  but  not  enough  lighter  to  permit  the  left-hand  pan  to 
be  depressed  when  it  is  supported  by  the  pan  arrest.  The  weight  will 
then  usually  be  within  one  gram  of  the  required  amount.  Now  put  on 
the  0.5  gr.  weight,  release  the  pan  arrest  for  a  moment  to  see  if  this  is 
too  heavy  or  too  light.  If  it  is  too  light  add  the  next  heavier  weight, 
and  proceed  in  this  manner  until  the  beaker  is  balanced  almost  exactly. 
The  final  balancing  is  done  by  means  of  the  rider.    Having  accurately 
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balanced  the  beaker,  record  the  weight  accurately  in  your  book.  Then 
add  to  the  right-hand  scale  pan  weights  of  exactly  1.22  grams. 

Benzoic  acid,  CsHgCOOH,  mol.  wt.  122,  comes  in  the  trade  in  a  very 
pure  state,  it  may  be  resublimed  to  practical  purity  if  desired  but  that 
will  not  be  necessary  for  your  work.  It  has  no  water  of  crystallization 
nor  does  it  condense  water  on  its  surface.  For  all  these  reasons  it  is 
chosen  for  a  standard.  Phthalic  anhydride,  or  the  monopotassium 
phthalate  is  an  equally  good  standard  substance. 

Now  carefully  add  little  by  little,  without  dropping  any,  air-dried 
benzoic  acid  to  the  beaker  on  the  left-hand  scale  pan.  By  removing  a 
little  on  the  end  of  a  knife  blade  the  weight  may  be  made  exact.  Having 
added  so  much  benzoic  acid  that  an  exact  balance  is  had,  raise  the  beam 
support.  Then  carefully  add  up  the  weights  on  the  scale  pan  without 
disturbing  them  and  put  down  the  figures  in  your  note  book  above  the 
figures  of  the  weight  of  the  beaker.  Having  done  this  check  this  reading 
by  taking  off  the  weights,  beginning  with  the  heaviest  and  proceeding 
steadily  to  the  lightest,  and  as  each  weight  is  taken  off  check  the  cor- 
responding figure  in  your  note  book.  Having  taken  off  the  gram  weights 
take  off  the  decigrams  and  cheek  that  figure,  then  the  centigrams,  and 
finally  the  milligrams.  It  is  necessary  to  do  this,  as  mistakes  at  reading 
the  weights  are  easily  made. 

To  bring  the  benzoic  acid  into  solution  add  to  the  beaker  a  few  c.c. 
of  95  per  cent,  alcohol,  enough  to  dissolve  the  acid.  Now  take  a  100  c.c. 
volumetric  flask  which  is  clean,  but  need  not  be  dry.  Place  in  the  neck 
a  small  funnel.  Then  without  losing  any  pour  the  benzoic  acid  solution 
into  the  funnel  and  while  holding  the  beaker  still  suspended  over  the 
funnel  with  the  left  hand  pick  up  your  wash  bottle  with  the  right  and 
carefully  wash  out  every  portion  of  the  inside  of  the  beaker  with  a 
stream  of  water,  catching  every  bit  of  the  water  in  the  funnel.  Wash 
out  the  beaker  again  and  again  so  that  no  particle  of  the  benzoic  acid  shall 
escape  going  into  the  flask.  Now  put  the  beaker  down,  but  before  doing 
so  turn  it  around  and  wash  off  the  outside  of  the  lip  into  the  funnel.  Put 
the  beaker  down  and  wash  out  carefully  the  inside  of  the  funnel  with 
distilled  water.  Then  lift  the  funnel  from  the  flask.  If  any  of  the 
benzoic  acid  comes  out  of  solution  add  a  little  more  alcohol.  Enough  to 
dissolve  it.  Now  add  water  carefully  from  the  wash  bottle,  giving  the 
flask  a  whirl  from  time  to  time  until  the  bottom  of  the  meniscus  is 
exactly  at  the  mark  in  the  stem.  Stopper  tightly  with  a  glass  or  rubber 
stopper  and  shake  thoroughly  so  that  the  contents  are  thoroughly  mixed. 
Turn  upside  down  several  times. 

The  standard  is  now  made.  It  consists  of  100  c.c.  of  solution  con- 
taining 1.22  grams  of  benzoic  acid.  1.22  grams  is  exactly  one  one- 
hundredth  of  the  molecular  weight.    A  liter  of  the  solution  of  the  same 
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,  strength  would  contain  12.2  grams  or  1/lOth  of  the  molecular  weight. 
This  solution  is  hence  a  1/lOth  molecular  solution.  That  is,  a  liter  would 
contain  1/lOth  of  a  molecular  weight  expressed  in  grams.  It  is  usually- 
written  M/10. 

Since  benzoic  acid  has  but  one  hydrogen  atom  in  a  molecule  which 
can  be  replaced  by  a  metal,  there  is  1/lOth  of  a  gram  of  replaceable 
hydrogen  in  a  liter  of  the  solution,  the  atomic  weight  of  H  being  unity, 
so  that  the  solution  is  1/lOth  normal,  or  N/10,  a  normal  solution  of  an 
acid  being  a  solution  which  contains  in  one  liter  one  gram  equivalent 
of  hydrogen.  A  normal  solution  always  contains  a  gram  equivalent  of 
the  substance,  toward  which  its  normality  is  reckoned,  in  a  liter  of 
solution. 

Experiment  2.  The  preparation  of  a  liter  of  N/ioth  NaOH  free 
from  carbonate. — ^Having  obtained  the  standard  benzoic  acid  solution, 
proceed  to  make  a  liter  of  standard  N/lOth  NaOH.  To  do  this  procure 
a  1  liter  volumetric  flask  and  clean  it.  It  need  not  be  dry.  The  standard 
NaOH  is  to  be  made  from  a  saturated  NaOH  solution,  a  large  amount  of 
which  is  prepared  several  days  beforehand  and  which  has  settled  until  it 
is  clear.  It  is  kept  in  a  large  bottle  provided  with  air  pressure  for 
delivery,  as  explained  on  page  860.  Such  a  solution  crystallizes  out  the 
carbonate  and  leaves  the  hydrate  in  solution.  When  saturated  it  is 
approximately  50  per  cent,  by  weight  and  its  specific  gravity  is  1.530. 
A  1/lOth  N  NaOH  solution  will  contain  in  a  liter  one-tenth  of  the 
molectdar  weight.  The  molecular  weight  of  NaOH  is  40.  A  1/lOth  N 
solution  will  contain  4.0  grams  NaOH  in  a  liter. 

To  make  it  calculate  how  much  you  will  need  of  the  saturated  solu- 
tion. 100  c.c.  of  this  solution  at  15°  will  weigh  153  grams.  It  contains 
50  per  cent,  of  NaOH  or  76.5  grams.  You  wish  only  4.0  grams  of  NaOH. 
You  will  need  8  grams  of  solution,  or  8/1.53  c.c.  or  5.23  c.c.  Measure 
out  this  amount  from  the  burette  attached  to  the  bottle,  into  a  1  liter 
flask.  Now  add  450  c.c.  of  distilled  water  and  thoroughly  mix  the  solu- 
tions by  whirling  the  flask. 

The  next  step  is  to  find  out  how  much  water  must  be  added  to  make 
this  solution  exactly  N/10.  To  do  this  it  is  necessary  to  compare  the 
strength  of  the  alkali  against  the  standard  benzoic  acid. 

Clean  two  50  c.c.  burettes  which  have  been  provided  with  rubber  or 
glass  tips  and  a  pinch  cock.  To  clean  them  wash  out  first  with  soap 
and  water  if  they  are  greasy.  If  not  rinse  out  with  cleaning  fluid 
(sulphuric  acid  and  bichromate)  then  with  tap  water  and  finally  with 
distilled  water  and  wipe  off  the  outside  with  a  towel.  Allow  to  drain  so 
that  they  are  nearly  free  from  water.  Into  one  pour  a  little  of  the 
benzoic  acid  solution,  a  few  c.c.  (2  or  3)  and  with  thumb  over  end 
invert  several  times  and  then  drain  through  the  pinch  cock.    Do  this 
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again.  This  washes  out  the  burette.  It  is  not  necessary  if  the  burette 
is  clean  and  dry  to  begin  with.  Now  fasten  in  the  lamp  stand  and  fill 
to  a  little  above  the  zero  mark.  Allow  the  liquid  to  run  out  by-  the  tip 
so  that  the  bottom  of  the  meniscus  is  at  the  zero  point.  To  read  it  put 
the  eye  on  a  level  with  the  mark  and  hold  a  little  black  paper  around  the 
tube  just  below  the  meniscus.    This  makes  the  meniscus  black  and  sharp. 

Binse  the  other  burette  with  the  sodium  hydrate  solution  from  the 
liter  flask  twice  and  then  fill  it  in  a  similar  manner. 

If  we  were  doing  really  very  accurate  work  it  would  be  necessary  to 
calibrate  the  burettes. 

Now  into  a  clean  100  or  200  c.c.  Erlenmeyer  flask  draw  about  25  e.c. 
of  the  benzoic  acid  solution,  add  to  it  2  drops  of  phenolphthalein  solu- 
tion in  alcohol  (2  per  cent.)  to  serve  as  an  indicator.  Now  read  accu- 
rately and  note  in  your  notebook  the  reading  of  the  NaOH  burette  to 
hundredths  of  a  c.c.  When  this  is  done  run  in  from  the  NaOH  burette 
into  the  benzoic  acid.  The  tip  of  the  burette  should  be  a  little  below 
the  mouth  of  the  flask  so  that  none  may  be  lost.  About  7  c.c.  may  be 
run  in  quickly.  It  will  be  noticed  that  the  red  color  appears  but  fades 
with  each  addition  of  the  alkali.  Now  go  more  slowly,  adding  about 
one-fourth  of  a  c.c.  at  a  time  and  shaking  between  each  addition  so  as 
to  mix  the  contents.  Give  the  flask  a  whirl  to  mix  the  contents.  The 
red  color  disappears  less  and  less  rapidly.  Finally  a  few  drops  give  the 
flask  a  permanent  pink.  When  this  happens  remove  from  the  NaOri 
burette,  with  a  wash  bottle  wash  down  the  sides  of  the  flask,  since  some 
drops  may  have  gone  on  the  side,  then  add  drop  by  drop  from  the 
benzoic  acid  until  the  red  color  just  disappears.  Now  add  one  drop  of 
the  alkali  so  that  it  is  barely  pink.  This  is  the  end  point.  Now  read 
both  burettes  carefully.  Compute  now  how  much  of  the  NaOH  solution 
must  be  taken  in  order  that  when  diluted  to  1000  c.c.  it  will  be  N/10, 
or  very  nearly.  Measure  out  the  amount  needed  into  a  1  liter  vol.  flask, 
make  up  to  1  liter  with  water,  mix  and  titrate  for  exact  value  against 
N/10  benzoic  acid.  c.c.  NaOH  needed  to  make  N/10=c.e.  benzoic/e.c. 
NaOH.    Transfer  to  a  liter,  rubber-stoppered  bottle. 

Exercise  II. 

Experiment  3.  Preparation  of  standard  acid.  N/io  HCl. — Con- 
centrated HCl  of  sp.  gr.  1.160  is  approximately  ION.  To  make  a  N/10 
solution  it  must  hence  be  diluted  100  times.  Introduce  into  a  clean 
1  liter  vol.  flask  by  means  of  a  10  c.c.  volumetric  pipette,  10  c.c.  of  con- 
centrated HCl.    Dilute  to  one  liter. 

Now  standardize  this  against  the  N/10  NaOH  and  mark  exactly 
what  1  c.c.  of  it  is  equal  to  in  terms  of  the  benzoic  acid.  Dilute  if  neces- 
sary to  make  it  equal  to  N/10. 
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Exercise  III. 


Experiment  4.  Indicators. — Indicators  are  substances  which 
change  their  color  when  they  change  from  alkaline  to  acid  solutions. 
There  are  many  such  substances  and  they  are  used  for  particular  pur- 
poses. There  is  no  one  indicator  which  can  be  used  everywhere.  Some 
are  weak  acids  and  some  are  weak  bases.  One  of  these  has  been  used 
already,  phenolphthalein.  This  changes  from  a  pink  to  colorless  or  vice 
versa  at  a  hydrogen  ion  concentration  of  N/10*-*-  It  has  become  the 
custom  for  shortness  simply  to  write  the  exponent  in  the  foregoing 
fraction.  This  exponent  is  called  Pg.  Pnin  this  case  is  8.3.  The  H 
has  reference  to  the  hydrogen  ion  concentration.  In  water  Pgis  7,  that 
is,  the  concentration  of  H  ions  in  water  is  N/10''.  That  is,  water  is  as 
acid  as  a  one  ten-millionth  normal  solution  of  hydrochloric  acid. 


Phenolphthalein 
Litmus 
Congo  red 
Methyl  red 
Methyl  orange 

Changes  at  P 
H 

8.3 
7.0 
5.0 

5.0 

Use  In  titrating 

Weak  acids 

Weak  acids  or  bases 

Strong  acids  or  bases 

Strong  acids  or  bases 

Do  not  use 

for  weak  bases 
for  weak  acids 
for  weak  acids 

To  show  this  use  of  indicators,  make  an  approximately  N/lOth  solu- 
tion of  acetic  acid  and  titrate  it  with  N/10  NaOH,  using  in  the  one  case 
phenol  phthalein,  and  in  the  other  congo  red  and  methyl  orange.  Keep 
a  record  for  the  instructor  of  your  titrations. 

Repeat,  using  a  solution  of  about  N/10  NH^OH  made  by  yourself. 
The  solution  need  not  be  accurately  made.  Titrate  this  with  N/10  HCl, 
using  different  indicators.    Explain  the  results. 


E'xEECiSE  rV. 

Experiment  5.  Buffer  solutions. — ^Buffer  solutions  are  solutions  of 
salts  so  chosen  that  there  is  little  change  of  acidity  or  alkalinity  pro- 
duced by  the  addition  of  a  strong  acid  or  base.  Protoplasm  is  such  a 
buffer  solution  and  the  blood  is  another.  Large  amounts  of  acid  may 
be  added  to  blood  without  greatly  changing  its  hydrogen  ion  concentra- 
tion. Buffers  are  made  of  strong  acids  and  weak  bases,  such  as  am- 
monium chloride,  for  example,  or  of  strong  bases  and  weak  acids,  as  in 
sodium  bicarbonate,  acetate,  or  phosphate. 

Such  solutions  are  of  great  value  in  keeping  the  nydrogen  ion  con- 
stant in  experiments  in  which  acids  or  bases  are  formed  as  in  the  course 
of  digestion.  They  are  added  to  enzyme  solutions  in  order  that  they 
may  work  under  the  most  favorable  conditions.    Good  buffers  are  made 
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of  standard  concentration  of  H  ions  from  mixtures  of  the  di-  and  mono- 
sodium  phosphates,  of  bicarbonates  and  of  mixtures  of  sodium  acetate 
and  acetic  acid.  If  HCl  is  added  to  a  solution  of  sodium  acetate,  sodium 
chloride  is  formed  and  acetic  acid.  Acetic  acid  in  the  presence  of  acetate 
ions  is  almost  undissociated  so  that  it  forms  very  few.  hydrogen  ions. 

From  the  tables,  pp.  544  and  545,  prepare  buffer  solutions  100  c.c. 
of  each  of  P^  8.0,  8.3,  7.4,  6,5,  d.O,  5.3  and  5.0.  Determine  the  H  ion  of 
each  one  by  comparison  with  the  standard  furnished. 

To  show  how  they  act  as  buffers  take  5  c.c.  of  the  solution  of  Pg  8.3. 
This  solution  will  just  be  alkaline  to  phenolphthalein.  Now  determine 
by  running  into  it  from  a  burette  or  pipette  N/20  HCl  how  much  of  this 
is  required  to  make  the  solution  have  a  H  ion  concentration  of  P^  7. 
Observe  and  record  how  much  more  is  necessary  than  to  change  a  NaOH 
solution  just  barely  pink  to  phenolphthalein  and  of  the  same  Pg  as  the 
buffer.  Acids  are  constantly  being  poured  into  the  blood  from  the  oxi- 
dations in  the  tissues,  but  these  acids  do  not  greatly  change  the  H  ion 
concentration  of  the  blood  because  in  the  blood  is  a  buffer  solution  of 
NaHCOj  and  Na^HPO^. 

EXEECISE  VI. 

Experiment  6.  Determination  of  nitrogen  in  uric  acid. — To  in- 
culcate habits  of  accuracy  and  to  show  a  standard  method  of  analysis 
which  involves  acidimetry  and  alkalimetry,  the  determination  of  nitrogen 
in  uric  acid  by  the  Gunning- Arnold  modification  of  the  Kjeldahl  method 
is  put  in  here. 

Obtain  from  the  store-room  a  weighing  tube  containing  about  0.25 
gram  of  uric  acid.  (If  uric  acid  is  not  on  hand  some  other  crystalline, 
nitrogen  containing,  organic  substance  of  known  composition  may  be 
substituted  for  it.)  Wipe  off  the  tube  carefully  with  a  clean,  dry  linen 
or  silk  cloth.  Remove  the  stopper  and  dry  to  constant  weight  in  the 
oven  at  about  105°  C.  Remove  at  the  end  of  one  hour,  restopper  loosely, 
place  in  dessicator  until  cool,  and  weigh  on  the  analytical  balance  to 
1/lOth  of  a  mg.  Replace  in  the  oven  and  heat  another  hour,  cool  and 
reweigh.  Repeat  until  the  weight  remains  constant.  Do  not  handle  the 
tube  with  the  fingers  but  always  with  a  clean,  dry  cloth,  or  forceps.  In 
weighing  follow  the  directions  already  given  on  page  864.  Record  all 
weights  in  your  note  book.  Do  not  record  them  on  loose  pieces  of  paper 
to  be  afterwards  transferred.  "When  weight  is  constant,  transfer  the 
uric  acid  without  loss  to  a  500  or  800  c.c.  Kjeldahl  flask.  Stopper  and 
reweigh  the  tube.  The  difference  between  this  weight  and  the  weight 
while  the  uric  acid  was  still  in  the  tube  gives  the  weight  of  uric  acid 
taken.  From  now  on  proceed  in  the  manner  described  for  the  determina- 
tion of  N  in  protein  on  page  931. 


CHAPTER  XXIII. 

THE  CARBOHYDRATES. 
ExEKciSK  VII.    Reducing  action  of  carbohydrates.    Tests  for 

DETECTION. 

The  experiments  of  this  exercise  are  designed  to  show  a  very  im- 
portant property  of  carbohydrates,  namely,  their  reducing  powers.  It 
is  by  means  of  this  property  that  they  may  be  easily  detected  in  the 
blood,  urine  and  other  liquids,  and  the  following  experiments  are  tests 
for  their  presence.  The  reduction  is  made  evident  to  the  eye  by  a  change 
in  color  of  the  substance  reduced.  (Read  pages  256-261  on  the  chemistry 
of  oxidation;  and  pages  30  to  41  on  the  dissociation  and  oxidation  of 
carbohydrates.)  The  word  oxidation  means,  literally,  a  souring  or 
acidification  and  in  all  of  the  following  experiments  the  carbohydrate  is 
oxidized  to  various  acids. 

Experiment  7.  The  reduction  of  cupric  compounds  to  cuprous. 
(Trommer's  test.) — The  copper  atom  in  the  cupric  state  carries  two 
positive  charges  of  electricity  and  is  blue  in  aqueous  solution.  It  gains 
a  negative  charge  with  great  ease,  whence  its  oxidizing  powers,  and  goes 
over  to  the  cuprous  state,  in  which  it  has  a  single  positive  charge,  and 
it  is  then  either  colorless,  or  when  united  with  oxygen  to  make  cuprous 
oxide,  CUaO,  either  yellow  or  red,  depending  on  whether  it  comes  out  in 
a  very  finely  divided  state  or  a  coarser  state. 

Place  in  a  test  tube  1  e.c.  of  M/5  glucose  and  add  two  drops  of  cupric 
sulphate,  CuSO^,  2  per  cent.  Then  add  2  drops  of  NaOH,  10  per  cent. 
Observe  that  the  addition  of  NaOH  causes  no  precipitate  of  gelatinous 
blue  Cu(0H)2,  as  it  does  in  the  absence  of  the  carbohydrate.  Instead 
a  deep  blue  solution  is  formed.  The  carbohydrate  has  now  combined 
with  the  Cu(0H)2  and  holds  it  in  solution.  It  acts  in  this  respect 
exactly  like  the  sodium  potassium  tartrate  in  Fehling's  solution.  (See 
page  39.)  The  first  step  in  the  oxidation  has  now  taken  place.  The 
oxidizing  agent,  the  Cu(0H)2  has  combined  with  the  reducing  reagent, 
the  glucose,  but  the  negative  charge  or  electron  has  not  yet  passed  from 
a  carbon  atom  of  the  glucose  to  the  cupric  atom.  Now  heat  the  tube 
gently  in  a  flame.  The  blue  color  disappears  and  the  solution  becomes 
filled  with  a  fine,  yellow,  colloidal  precipitate.  This  precipitate  is  very 
finely  divided  cuprous  oxide,  CujO.    The  glucose  has  been  oxidized  to 

870 


PRACTICAL   WORK   AND    METHODS  871 

'various  acids.  This  production  of  a  red  or  yellow  precipitate  of  CujO 
when  a  substance  is  heated  with  an  alkaline  cupric  salt  solution  is  an 
indication  of  the  presence  of  a  carbohydrate,  but  is  not  conclusive  evi- 
dence, as -many  other  reducing  substances,  such  as  uric  acid,  phloro- 
glucinol,  creatinine,  etc.,  have  a  similar  reducing  power,  and  some  carbo- 
hydrates, such  as  the  glucosides,  cane  sugar,  starch  and  the  polysac- 
charides generally  will  not  reduce  unless  they  are  hydrolysed  first.  This 
is  interpreted  to  mean  that  in  these  non-reducing  carbohydrates  the 
aldehyde  or  ketone  group  has  been  substituted  and  rendered  more  stable 
so  that  the  carbon  atom  of  that  group  is  not  able  to  receive  the  positive 
charge  and  to  be  oxidized  as  easily  as  when  these  groups  are  free.  (See 
formulas  on  pages  52  and  55.) 

Experiment  8. — ^In  the  same  manner  as  in  experiment  7  test  the 
reducing  powers  of  M/5  solutions  of  maltose,  levulose,  galactose,  lactose, 
cane  sugar,  starch,  and,  if  it  can  be  obtained,  some  pentose,  such  as 
arabinose  or  xylose,  and  record  your  observations.  Starch,  cane  sugar 
and  any  glucosides  you  may  test  should  not  reduce,  but  the  others 
should  reduce. 

Experiment  9.  The  action  of  the  alkali  in  experiment  7. — To  make 
clear  the  action  of  the  NaOH  used  in  experiment  7  repeat  the  experi- 
ment without  using  the  alkali. 

To  1  c.c.  of  M/5  glucose  solution  add  two  drops  of  2  per  cent.  CuSO^ 
and  heat  to  boUing.  It  will  be  observed  that  no  reduction  occurs,  al- 
though if  the  boiling  is  continued  long  enough,  i.e.,  about  1  hour,  reduc- 
tion will  slowly  occur  and  crystalline  metallic  copper  may  thus  be 
obtained.  If  after  heating  and  noting  that  no  reduction  has  taken  place, 
2  drops  of  10  per  cent.  NaOH  be  added  and  the  heating  repeated,  reduc- 
tion takes  place  at  once.  The  addition  of  alkali  is  necessary  for  a  rapid 
reduction.  It  enormously  accelerates  the  reduction.  How  does  it  do 
this?  To  settle  this  question  the  action  of  the  alkali  on  the  sugar  alone 
may  be  tried.  Take  1  c.c.  of  M/5  glucose  and  add  2  drops  of  10  per  cent. 
NaOH  and  heat  to  boiling.  It  will  be  observed  that  the  solution  becomes 
first  yellow  and  then  brown  and  has  a  distinct  caramel  odor.  This  brown 
color,  when  a  substance  is  heated  with  NaOH,  is  known  as  Moore's  test 
for  a  carbohydrate.  As  soon  as  it  becomes  light  brown  stop  heating  and 
cool  under  the  tap  or  by  immersing  in  a  beaker  of  water  until  it  is  of 
room  temperature.  Label  this  tube,  A.  Into  another  tube  (B)  put  1  c.c. 
of  M/5  glucose  and  2  drops  of  10  per  cent.  NaOH.  This  tube  is  a  control 
tube.  We  have  now  in  the  first  tube  (A)  glucose  which  has  been  heated 
with  NaOH  and  thus  altered,  and  in  the  second  tube  (B)  we  have  the 
same  materials  but  the  tube  has  not  been  heated.  Add  to  (A)  and  (B) 
2  drops  of  2  p€r  cent.  CuSO^  and  allow  both  tubes  to  stand  at  room 
temperature.    After  a  few  minutes  tube  A  changes  to  a  yellow  color 
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and  becomes  filled  with  a  colloidal  precipitate  of  yeUow  CujO  whereas 
tube  B  remains  blue  for  many  minutes.  In  other  words,  we  have  shown 
that  the  alkali  has  greatly  increased  the  reducing  power  of  the  glucose 
so  that  after  heating  it  reduces  the  copper  at  a  very  much  m'ore  rapid 
rate  than  it  did  before.  The  alkali,  therefore,  is  added  to  all  these 
reducing  tests  primarily  for  the  purpose  of  increasing  the  reducing 
power  of  the  sugar. 

Experiment  lo.  Character  of  the  change  in  the  carbohydrate  pro- 
duced by  the  alkali.  Production  of  enols; — ^What  has  the  alkali  done 
to  the  carbohydrate?  Its  first  action  has  been  to  produce  enols,  p.  32, 
and  the  subsequent  action  has  been  a  fragmentation  and  condensation  of 
the  enols  thus  formed.  Enols  have  the  property  of  forming  with  ferric 
chloride  a  deep  Bordeaux  red  (wine  color).  To  show  this  take  1  c.e.  of 
M/5  glucose  or  maltose  in  a  test  tube,  add  two  drops  of  10  per  cent. 
NaOH  and  heat  until  yellow.  Then  cool  as  before  to  room  temperature. 
Now  add  I  drop  of  2  per  cent.  FeCla  solution.  The  solution  turns  a 
deep  red,  which  is  the  enol  reaction.  This  test  is  used  for  the  detection 
of  aeetoacetic  acid  in  the  urine  under  the  name  of  Gerhardt's  reaction. 
(Page  1074.)  If  after  heating  in  alkaline  solution  the  solution  be  made 
just  perceptibly  acid  with  sulphuric  acid  it  will  turn  blue  on  the  addition 
of  a  drop  of  FeClg.  This  is  probably  due  to  an  intermediate  stage 
(between  ferric  and  ferrous)  of  reduction  of  the  ferric  iron,  since 
cysteine  and  many  other  reducing  agents  show  a  similar  reaction.  Among 
the  substances  giving  a  green  color  with  ferric  chloride  are  adrenaline 
and  hydrochinone.    With  ferrous  salts  no  color  is  produced. 

Experiment  ii.  Fehling's  test  for  sugars.  (Pages  38-39.) — ^If  the 
sugar  is  present  in  only  small  amounts  there  is  not  enough  of  it  to  hold 
the  Cu(0H)2  which  is  formed  by  the  addition  of  the  NaOH  to  CUSO4 
in  solution.  It  precipitates  as  blue  Cu(0H)2  and  this  changes  to  black, 
or  dark  brown  CuO  on  heating.  To  show  this  put  in  a  test  tube  1  c.c. 
of  distilled  water  and  then  5  drops  of  2  per  cent.  CUSO4.  Now  add  2 
drops  of  10  per  cent.  NaOH.  Observe  that  a  blue  precipitate,  Cu(0H)2, 
is  formed.  Heat  the  tube.  The  blue  precipitate  changes  to  a  dark 
muddy  brown  due  to  finely  divided  CuO.  This  precipitate  would  mask 
the  yellow  CujO  were  the  latter  present  in  small  amounts.  To  obviate 
the  possibility  of  the  formation  of  this  masking  brown  precipitate  one 
may  add  to  the  solution  something  which  will  hold  the  Cu(0H)2  in 
solution  and  prevent  its  conversion  to  CuO.  This  is  done  in  Fehling's 
solution  by  adding  Rochelle  salts  or  sodium  poteissium  tartrate, 
NaKC^H.Oi,  and  in  Haines'  solution  by  the  addition  of  glycerol.  Both 
tartaric  acid  and  glycerol  are  oxidized  by  the  cuprie  hydrate  at  a  very 
slow  rate.  In  Fehling's  solution  the  tartrate  and  hydrate  are  in  one 
solution  (B)  and  the  cuprie  sulphate  in  (A).    To  use  take  equal  parts 
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of  A  and  B,  mix,  and  add  to  them  an  equal  volume  of  the  solution  to 
be  tested  for  a  reducing  sugar,  and  heat. 

Prepare  20  e.e.  of  Fehling's  solution  by  mixing  10  c.e.  each  of  A 
and  B.  Put  2  c.c.  of  the  mixture  into  each  of  eight  test  tubes.  To  each 
tube  add  2  c.e.  of  the  sugar  solution  to  be  tested,  namely,  M/250  solu- 
tions of  arabinose,  maltose,  glucose,  levulose,  lactose,  galactose  and 
saccharose.  Mix  well  and  immerse  all  tubes  at  the  same  time  in  a  beaker 
of  boiling  water.  Observe  the  time  at  which  in  each  tube  the  red  precipi- 
tate of  CujO  appears.  It  will  be  observed  that  all  of  these  reduce  except 
saccharose. 

This  power  of  polyhydric  alcohols  to  hold  in  solution  Cu(0H)2  ap- 
pears in  reverse  form  in  Schweitzer's  reagent  (page  883),  in  which 
cupric  hydrate  dissolves  cellulose. 

Experiment  12.  Benedict's  qualitative  test. — Fehling's  solution  has 
been  modified  by  Benedict  so  as  to  increase  its  sensitivity.  The  al- 
kalinity of  the  solution  is  decreased  by  substituting  NaaCOg  for  NaOH, 
and  Nag  citrate  for  Rochelle  salts.  Benedict's  reagent  is  the  following: 
85  grams  of  sodium  citrate,  NaaCaHgOyUHjO,  and  50  grams  anhydrous 
sodium  carbonate  are  dissolved  in  400  c.c.  water.  A  solution  of  cupric 
sulphate  of  8.5  grams  dissolved  in  50  c.e.  of  hot  water  are  now  poured 
slowly  with  stirring  into  the  carbonate-citrate  solution.  Filter  if 
necessary. 

To  make  the  test  for  sugar  in  a  solution,  such  as  urine,  take  5  c.e.  of 
the  reagent  in  a  test-tube,  heat  to  boiling  (a  pebble  may  be  added  to 
prevent  bumping),  add  about  8  drops  of  the  urine  or  sugar  solution  and 
boil  for  2  minutes.  In  the  presence  of  more  than  0.2  to  0.3  per  cent, 
dextrose  in  urine  or  equivalent  amounts  of  other  reducing  sugars,  the 
tube  will  be  filled  with  a  colloidal,  greenish  yellow  or  reddish  precipitate. 
Smaller  amounts  of  sugar  make  the  precipitate  appear  only  on  standing 
and  cooling.  With  pure  sugar  solutions  the  sugar  may  be  detected  in 
greater  dilution  than  this. 

Experiment  13.  The  reduction  of  picric  acid  to  picramic  acid  pro- 
duces a  deep  reddish  brown  color  and  this  color  change  has  been  used  to 
detect  the  presence  of  glucose  in  blood  and  other  fluids  of  the  body,  and 
is  the  basis  of  the  colorimetrie  method  for  the  determination  of  creatinine 
and  sugar  in  blood. 

Into  a  test  tube  measure  1  c.c.  of  M/5th  solution  of  maltose,  glucose, 
lactose,  or  other  reducing  sugar,  add  3  drops  of  10  per  cent.  NaOH  and 
1  c.c.  of  a  saturated  aqueous  solution  of  picric  acid.  Heat  to  boiling. 
On  heating  the  light  yellow  color  of  the  picric  acid  changes  to  the  deep 
brownish  red  of  the  picramic  acid.  As  the  depth  of  color  produced 
depends  on  the  amount  of  sugar  present,  by  estimating  the  color  the 
amount  of  sugar  can  be  determined.     (See  experiment  204,  page  1028.) 
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Reaction : 

C„H  .OH.  (NO  )    +3H    — ^  C  H  .OH.  (NO  )  .NH  +2H  O 

02  ^  2'3^^  2  62  ^  22  2     '  2 

Picric  acid  Picramic  acid 

Note  :  Creatinine  gives  this  test  but  the  color  comes  in  the  cold  promptly  with- 
out heating,  and  if  heated  the  color  due  to  creatinine  fades  very  promptly,  leaving 
the  color  due  to  the  sugar  alone.  Even  in  the  cold  the  color  due  to  creatinine  will 
fade  in  the  course  of  fifteen  to  twenty  minutes. 

Experiment  14. — The  action  of  the  alkali  in  this  reduction  test  is, 

as  before,  to  increase  the  reducing  power  of  the  sugar.  This  fact  is 
illustrated  in  this  experiment  as  well  as  in  experiment  9. 

Into  each  of  two  test  tubes  measure  accurately  with  a  1  c.c.  volu- 
metric pipette  1  c.c.  of  maltose,  glucose,  or  other  reducing  sugar  solution 
of  M/5th  strength.  Then  add  to  each,  1  c.c.  of  N/2  NaOH.  One  of 
these  tubes  (A)  set  to  one  side;  the  other  (B)  heat  to  boUing.  It 
becomes  yellow..  When  this  happens  cool  this  tube  by  holding  under 
the  faucet  until  it  has  the  same  temperature  as  (A).  Now  add  to  each 
tube,  (A)  and  (B),  I  c.c.  of  saturated  picric  acid  solution,  and  after 
mixing  let  each  tube  stand  at  room  temperature.  It  will  be  observed 
that  tube  (B),  the  one  which  has  been  heated,  becomes  a  deep  red,  due 
to  the  reduction  of  the  picric  acid  to  picramic  acid.  The  other,  (A), 
which  had  not  been  heated,  remains  yellow  and  changes  to  an  orange 
very  slowly.  In  other  words,  heating  the  sugar  in  alkali  has  greatly 
increased  its  reducing  power,  so  that  it  now  reduces  the  picric  acid 
very  rapidly. 

Experiment  15.  Sensitivity  of  reduction  of  picric  to  picramic 
acid. — To  show  how  sensitive  this  test  is  take  1  c.c.  M/2000  glucose  solu- 
tion, add  1  drop  of  saturated  aqueous  picric  acid  solution,  3  drops  of 
10  per  cent.  NaOH  and  heat  to  boiling  for  a  few  seconds.  Make  a 
control  tube  with  1  c.c.  of  water  in  place  of  the  sugar  solution.  The 
glucose  tube  becomes  the  darker  of  the  two.  The  limit  of  concentration 
in  which  glucose  can  be  detected  by  this  method  is  about  an  M/5000. 
The  limit  with  phosphotungstic  acid  is  about  an  M/3000,  although  a  very 
faint  and  transient  blue  color  is  developed  in  M/4000. 

Experiment  16.  Reduction  of  phosphotungstic  acid. — Glucose  and 
other  reducing  sugars  have  the  power  also  of  reducing  phosphotungstic 
acid  with  the  production  of  a  deep  blue  color  of  wolframie  oxide. 

To  1  c.c.  of  M/5  glucose  in  a  test  tube  add  3  drops  of  10  per  cent. 
NaOH  and  heat  to  boiling  or  until  it  becomes  yellow.  Then  add  1  drop 
of  10  per  cent,  phosphotungstic  acid  (made  as  described  on  page  1063). 
A  deep  blue  color  supposed  to  be  due  to  the  formation  of  WoOj  is  pro- 
duced. This  reaction  is  very  feeble  if  the  phosphotungstic  acid  is  added 
to  the  sugar  solution  before  heating,  for  if  the  phosphotungstic  acid  is 
heated  first  with  sodium  hydrate  the  reaction  is  not  given,  hence  the 
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necessity  of  heating  the  glucose  solution  first.  The  limit  of  sensitivity 
of  this  reaction  is  about  M/3000  glucose  solution. 

Experiment  17.  Reduction  of  permanganate. — Glucose  and  many 
other  organic  substances  reduce  potassium  permanganate  in  an  acid  or 
alkaline  solution. 

To  1  c.c.  of  M/5  glucose  or  other  sugar  solution  add  2  drops  of  10 
per  cent.  H,S04  or  10  per  cent.  NaOH  and  then  drop  by  drop  N/20 
KMnOi-  The  prink  color  of  the  KMnO^  is  discharged,  due  to  the  reduc- 
tion of  the  manganese  in  KMn04  where  it  has  a  positive  valence  of  7, 
to  MnS04,  where  it  has  a  valence  of  2. 

Keaetion : 

2KMnO^  +  3H^S0^  +  glucose  ►  K^SO^  +  2MnS0^  +  glucose  ( 0  ^ ) 

Experiment  18.  The  reduction  of  an  acid  cupric  salt  solution. 
Barfoed's  solution. — In  the  preceding  experiments  the  reduction  has 
always  been  carried  out  in  an  alkaline  medium.  In  Barfoed's  solution 
it  is  carried  out  in  an  acid  medium.  Barfoed's  reagent  is  prepared  by 
dissolving  13.3  grams  of  crystallized  neutral  cupric  acetate  in  200  c.c. 
of  distilled  water.  This  is  filtered  if  necessary  and  to  each  200  c.c.  of 
filtrate  are  added  5  c.c.  of  a  38  per  cent,  acetic  acid  solution. 

Determine  the  speed  in  which  the  following  solutions  reduce  5  c.c. 
of  the  reagent:  To  5  c.c.  of  M/lOO  solutions  of  arabinose,  glucose, 
levulose  and  galactose,  also  M/lOO  and  M/25  solutions  of  maltose,  lac- 
tose and  saccharose  add  5  c.c.  of  the  reagent.  Immerse  in  boiling  water 
and  continue  heating  therein  for  25  minutes.  Observe  the  time  at  which 
perceptible  reduction  occurs  in  the  different  tubes.     (Read  page  40.) 

It  will  be  observed  that  in  this  case  the  monosaccharides  reduce  far 
faster  than  the  disaccharides  and  Barfoed's  solution  may  be  used  as 
a  rough  indication  of  whether  monosaccharides  or  disaccharides  are 
present.  The  reduction  in  the  monosaccharides  is,  however,  far  slower 
than  in  an  alkaline  solution.  This  is  owing  to  the  fact  that  the  sugar 
is  not  fragmented  to  the  same  degree  here  as  in  an  alkaline  solution. 
The  cupric  ions  are  present  in  larger  numbers,  but  the  oxygen  or 
hydrate  ions  are  present  in  very  much  smaller  amount.  The  total  speed 
is  probably  a  function  of  the  product  of  the  number  of  active  sugar 
particles,  the  concentration  of  the  cupric  ions  and  of  the  hydrate  ions. 
The  product  is  lower  in  acid  than  in  alkali.  The  sugar  in  an  acid 
solution  is  oxidized  almost  quantitatively  to  gluconic  acid  CsHi^O,. 

Reactions : 

2  bi+  4  OH  +  C^H^^O, ►  C^H^^O^  -f  H^O  -f  2Cu -f  2  OH 

2  Cu-f  2  OH -Cu^O  +  H^O 

red 
ppt. 
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— ^Barfoed's  test  is  interfered  with  by  any  but  small  amounts  of  sodium 
chloride  so  that  it  cannot  be  used  to  detect  glucose  in  the  urine. 

Experiment  19.  Reduction  of  bismuth  salts  to  metallic  bismuth. 
(Bottger's,  Nylander's  and  Almen's  tests.) — An  alkaline  solution  of 
reducing  carbohydrates  reduces  bismuth  salts  to  black  metallic  oxide. 

(Bottger's  test.)  To  a  pinch  of  bismuth  subnitrate,  BiONOa.H^O, 
add  3  drops  of  10  per  cent.  NaOH  and  2  c.e.  M/5  glucose.  Heat  to 
boiling.  The  solution  turns  first  yellow  and  ultimately  a  black  precipi- 
tate appears  of  metallic  bismuth.  The  appearance  of  this  black  precipi- 
tate is  the  reaction  sought.  If  but  little  sugar  is  present,  the  black 
bismuth  will  miK  with  unchanged  bismuth  subnitrate  to  make  a  gray 
powder. 

Note:  If  sulphides  or  protein  are  present  a  black  precipitate  of  bismuth 
sulphide  will  be  obtained.    The  test  can  only  be  used  in  their  absence. 

Experiment  20.     Nylander's  modification  of  this  test  is  as  follows : 

To  2  c.c.  of  M/5  glucose,  or  other  sugar  solution,  add  2  drops  of 
Nylander's  reagent  and  heat  five  minutes  in  a  boiling  water  bath.  The 
solution  darkens  and  on  stajiding  a  black  precipitate  of  bismuth  appears. 

(Nylander's  reagent:  2  grams  bismuth  subnitrate,  and  4  grams  of 
Roehelle  salts  are  heated  in  100  c.c.  10  per  cent.  KOH.  Cool  and 
filter.) 

The  advantage  of  this  and  Bottger's  reaction  is  that  bismuth  sub- 
nitrate is  not  reduced  by  uric  acid,  creatinine  and  some  other  reducing 
agents. 

Experiment  21.  Reduction  of  mercury  salts  to  metallic  mercury. 
(Knapp's  and  Sachsse's  reactions.) — To  1  c.c.  of  potassium  mercuric 
iodide  solution  add  3  drops  10  per  cent.  NaOH  and  1  c.c.  M/5  glucose 
solution.    Heat  to  boiling.    Black  precipitate. 

Experiment  22.  Reduction  of  silver  salts  to  metallic  silver. — 
To  1  c.c.  of  AgNOs  solution  add  1  c.c.  dilute  NH4OH  and  1  c.c.  M/5 
glucose  solution.  Warm  gently  and  set  aside.  Note  the  mirror  formed 
on  standing.  This  is  due  to  the  precipitation  of  metallic  silver  on  the 
glass. 

Experiment  23.  Reduction  of  methylene  blue  or  safranine. — To 
1  c.c.  M/5  glucose  add  2  drops  of  0.1  per  cent,  methylene  blue  or 
sapranine  and  3  drops  of  10  per  cent.  NaOH  and  heat.  The  dye  will 
be  decolorized. 

For  information  on  the  behavior  of  carbohydrates  in  alkaline  solu- 
tion and  on  the  use  of  Barfoed's  solution,  study  the  following:  H. 
McGuigan:  Am.  Jour.  Physiol.,  Vol.  19  (1907),  p.  175;  J.  Nef :  Annalen 
der  Chemie,  Vol.  357  (1907),  p.  214;  A.  P.  Mathews  and  H.  McGuigan: 
Am.  Jour.  Physiol.,  Vol.  19  (1907),  p.  199;  A.  P.  Mathews:  Jour.  Biol. 
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Chem.,  Vol.  6,  p.  3,  1909;  Nef:  Annalen  der  Chemie,  Vol.  403  (1913), 
p.  204;  H.  H.  Bunzel:  Jour.  Biol.  Chem.,  7,  p.  157  (1910). 

Exercise  VIII.    Identification  op  particular  carbohydrates 

In  this  exercise  we  will  take  up  the  reactions  and  characteristics 
which  may  be  used  for  the  identification  of  particular  carbo- 
hydrates. 

The  reactions  which  are  included  in  this  exercise  all  depend  on  the 
fact  that  all  carbohydrates  without  exception  when  treated  with  strong 
solutions  of  mineral  acids  lose  water  and  are  converted  into  furfural,  or 
derivatives  of  methyl  furfural.  This  conversion  is  almost  quantitative 
in  the  ease  of  the  pentoses,  but  in  the  case  of  rhamnose,  which  is  a 
methyl  pentose,  we  have  methyl  furfural  produced,  whereas  with  the 
hexoses  the  principal  product  is  not  furfural  but  4-methyl-2  hydroxy- 
furfural.  (See  page  37.)  The  ketose  hexoses  produce  this  most  readily. 
The  methyl-hydroxy- furfural  when  acted  on  further  by  acids  is  con- 
verted in  large  part  into  levulinic  and  formic  acids.  The  furfurals  thus 
formed  interact  with  numerous  aromatic  substances  to  produce  pig- 
ments. Among  the  substances  found  to  be  most  delicate  and  satisfactory 
in  coupling  to  make  pigments  are  aniline  acetate,  alpha  naphthol, 
resorein,  phloroglucinol,  orcinol,  diphenylamine  and  naphthoresoreinol. 

It  is  probable  that  some  intermediate  products  other  than  furfural 
will  also  react  with  the  aromatic  compounds  coupling  up  to  produce 
pigments  of  a  different  tint  than  that  due  to  furfural  itself.  This  may 
account  for  the  different  tints  produced  by  heating  the  carbohydrates 
with  aromatic  substances  in  the  presence  of  strong  acids. 

Experiment  24.  Alpha  naphthol  reaction.  (Molisch  reaction  for 
carbohydrates.) — This  is  the  most  general  test  for  any  carbohydrate 
whether  it  is  free  or  combined. 

To  the  carbohydrate  solution  in  a  test  tube  add  2  drops  of  a  5  per 
cent,  solution  of  alpha  naphthol  in  alcohol.  Mix  and  then  allow  5  c.c. 
concentrated  H2SO4  to  flow  down  the  side  of  the  test  tube  so  as  to  keep 
the  solution  and  acid  in  separate  layers.  In  some  cases  it  may  be 
necessary  to  agitate  a  little  so  as  to  have  a  slight  mixing  at  the  junction 
of  the  two  liquids.  Let  stand  at  room  temperature.  If  there  is  a 
carbohydrate  present,  there  will  be  formed  a  purple  or  pinkish  ring  at 
the  junction  of  the  acid  and  the  carbohydrate  solution. 

A  negative  result  by  this  reaction  is  very  good  evidence  of  the 
absence  of  carbohydrates,  but  a  positive  one  is  simply  an  indication  of 
the  probable  presence  of  carbohydrates.  The  test  is  probably  of  more 
value  if  used  as  modified  by  E.  Pinoff  (Berichte  38,  p.  3308),  who  found 
that  by  heating  in  test  tubes  definite  quantities  of  carbohydrates,  alcohol. 
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sulphuric  acid  and  5  per  cent,  alcoholic  alpha  naphthol  solution  for 
definite  lengths  of  time  one  obtains  a  colored  solution,  which,  when 
examined  for  its  absorption  spectrum,  gives  characteristic  bands  with 
different  classes  of  carbohydrates.  Among  the  substances  which  give  this 
test  are  various  furfurals,  glyeuronic  acid,  glycolaldehyde,  glycerose, 
erythrose,  oxygluconic  acid  and  glycerol  aldehyde. 

Reaction : 

OH   O  —  3H  0    ^     H.C  —  C.OH 

CH  .0        C.CHO 

3 

\     / 

O 
4-methyl-2-liydroxy  furfural. 

To  show  that  wood  is  a  carbohydrate  and  gives  this  test,  take  a 
small  sliver  of  wood,  a  small  sliver  of  a  match  will  do.  Place  in  the 
bottom  of  a  test  tube,  add  1  c.c.  of  water,  2  drops  of  a-naphthol  and 
then  run  down  the  side  of  the  tube,  the  latter  being  held  slantwise,  so 
that  the  acid  comes  to  lie  beneath  the  water,  about  1  c.c.  of  concentrated 
H2SO4.  Agitate  a  little  and  gently  so  that  the  end  of  the  splinter  comes 
into  the  strong  acid  and  is  attacked  by  it.  Then  agitate  gently  again  so 
that  a  partial  mixture  of  the  top  layer  of  the  acid  and  the  bottom  layer 
of  the  water  occurs.  If  the  experiment  is  successful  a  pink  ring  will 
form  at  the  zone  of  contact,  showing  the  presence  of  a  carbohydrate  in 
the  wood. 

Try  the  same  experiment  with  a  small  pellet,  about  as  big  as  a  small 
pea,  of  absorbent  cotton.  This  is  also  a  carbohydrate.  Repeat  also  with 
a  small  pellet  of  filter  paper.  On  gently  agitating  a  red  ring  develops 
at  the  junction  of  the  acid  and  the  water. 

Use  milk  also.    Milk  contains  a  sugar  called  lactose. 

Repeat  with  starch  and  a  pinch  of  flour.  Saliva  also  contains  a 
carbohydrate  group  in  the  mucin  it  contains.  To  a  little  saliva  add 
three  drops  of  alpha  naphthol  and  then  as  before  concentrated  sulphuric 
acid.  Agitate  very  slightly  and  let  stand.  A  pink  ring  will  develop  at 
the  junction. 

Repeat  with  a  little  agar  agar.  Agar  agar  is  derived  from  a  Japanese 
seaweed  and  is  used  in  bacteriology  to  make  a  jelly  and  in  medicine 
as  a  soft  mechanical  laxative.  As  an  example  of  a  gum,  test  a  small 
fragment  of  gum  arable  in  the  same  way.  If  furfural  can  be  obtained, 
as  in  experiment  32,  show  that  this  also  gives  a  pink  color. 

All  of  these  things  give  a  Molisch  reaction.  That  shows  they  contain 
a  carbohydrate.  This  is,  therefore,  a  universal  test  for  all  manner  of 
carbohydrates.    All  are  positive. 

The  foregoing  reaction  will  serve  to  detect  a  carbohydrate  of  some 
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kind.  But  it  is  desired  to  be  specific.  How  can  one  tell  whether  the 
substance  is  a  pentose  or  a  hexose? 

Experiment  25.  Pentose  reactions.  Phloroglucinol  reaction. 
(Tollen's.) — This  reaction  consists  in  the  development  of  a  cherry  red 
pigment,  soluble  in  amyl  alcohol  and  showing  a  strong  absorption  band 
in  the  green  between  the  D  and  E  line.  All  substances  which  contain 
pentoses,  such  as  most  gums,  cherry,  gum  arable,  etc.,  give  this  reaction. 
The  color  is  probably  due  to  the  coupling  of  the  phloroglucine  with 
some  aldehyde  decomposition  product  other  than  furfural  of  the  pentose 
with  the  production  of  a  pigment. 

Gum  arabic  is  a  gum  which  is  excreted  as  an  adhesive  juice  from 
the  bark  or  roots  of  various  African  aceacias.  On  hydrolysis  it  yields, 
among  other  products,  d-glucose  and  the  pentose  sugar,  arabinose.  It 
may  be  used  here  as  the  substance  which  will  yield  a  pentose  and  give 
this  reaction. 

Prepare  27  c.c.  of  Tollen's  reagent  by  adding  3  c.c.  of  2  per  cent, 
phloroglucinol  solution  in  alcohol  to  15  c.c.  of  concentrated  HCl  and 
dUute  to  27  c.c.  with  distilled  water. 

To  3  c.c.  of  the  reagent  in  a  test  tube  add  three  drops  of  a  dilute 
(5  per  cent.)  gum  arabic  solution  and  heat  to  boiling.  The  solution 
becomes  a  deep  cherry  red  after  a  few  moments  of  heating.  This  is  the 
test.  When  examined  with  the  spectroscope  it  is  seen  to  have  a  strong 
absorption  band  in  the  green.  If  desired  the  solution  may  be  shaken 
with  about  2  c.c.  of  amyl  alcohol.  The  color  will  go  entirely  into  the 
alcohol  and  the  spectrum  may  be  seen  there  also. 

This  reaction  needs  to  be  carefully  controlled,  since  other  sugars, 
notably  hexose  ketoses,  will  also  give  a  red  coloration,  but  the  color  is 
slightly  different  and  has  no  absorption  band  in  the  green.  Test  in  the 
same  manner  the  reaction  with  M/5  solutions  of  levulose,  glucose,  maltose 
and  galactose.  Also  with  starch.  Take  of  the  reagent  2  c.c.  in  a  test 
tube  and  add  two  drops  of  M/5  solutions  of  the  different  sugars,  and 
boil.  It  will  be  observed  that  levulose  changes  at  once  to  a  red  which 
is  very  easily  confused  with  the  pentose  reaction,  but  the  color  gives  no 
absorption  band  in  the  green.  None  of  these  sugars  give  this  reaction, 
showing  that  they  are  not  pentoses. 

Wood  also  contains  a  pentose,  xylose.  So  take  a  splinter  of  a  match 
and  boil  it  in  2  c.c.  of  this  reagent.  It  will  be  observed  that  the  splinter 
changes  color  to  a  deep  pink. 

This  reaction  is  not  due  to  furfural  itself  formed  from  the  sugar  by 
the  acid,  as  might  be  supposed,  for  if  furfural  is  boiled  with  the  reagent 
a  deep  bluish  green  pigment  is  produced  soluble  in  amyl  alcohol  but 
without  definite  absorption  bands.  If  furfural  can  be  obtained  try 
this. 
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Experiment    26.     Orcinol    test    for    pentoses. — Orcinol   is   methyl 
resorcinol.    It  is  dioxytoluene. 

Orcinol : 


CHCH  (OH), 

3     6     3  2 


Pentoses,  when  warmed  with  orcinol  and  strong  hydrochloric  acid, 
give  a  violet  followed  by  a  blue,  red,  and  finally  a  green  color  and  a 
bluish  green  precipitate.  This  precipitate  redissolved  in  amyl  alcohol 
gives  an  absorption  band  in  the  red  between  lines  D  and  C. 

The  reagent  is  made  by  mixing  1  volume  of  half-saturated  orcinol 
solution,  5  volumes  concentrated  HCl  and  diluting  to  9  volumes  with 
water. 

Take  into  a  test  tube  about  2  c.c.  of  the  orcinol  reagent  and  add  to 
it  two  drops  of  5  per  cent,  gum  arable  solution  and  heat  to  boiling. 
Observe  the  change  of  color  characteristic  for  a  pentose. 

Eepeat  using  in  each  case  2  c.c.  of  the  reagent  and  adding  three 
drops  of  M/5  solutions  of  the  sugars  to  be  tested.  Among  them  test 
arabinose  if  this  is  obtainable.  Test  the  same  substances  as  were  tested 
in  the  phloroglucinol  experiment  and  see  which  contain  pentoses. 

Note. — In  both  of  the  Tollen's  reactions  above  it  is  very  important  to  observe 
the  concentrations  of  acid  and  orcinol  or  phloroglucinol,  otherwise  the  velocity  of 
the  reaction  and  the  colors  obtained  are  very  different  from  those  described  in  the 
literature.  Various  modifications  of  these  tests  have  been  made,  the  most  important 
being  the  shaking  out  of  the  colored  solution  with  amyl  alcohol  and  the  examina- 
tion of  the  absorption  spectrum  of  the  amyl  alcohol  solution  after  proper  dilution. 
When  thus  employed  one  can  more  readily  and  accurately  distinguish  pentoses 
from  hexoses;  these  reactions,  however,  do  not  distinguish  pentoses  from  glycuronic 
acid. 

By  the  use  of  naphthoresorcin  and  HCl  (Tollens:  Berichte  41,  pp.  1783-87  and 
1788-90,  1908)  glycuronic  acid  may  be  detected  more  accurately  in  that  the  colored 
substances  formed  by  the  interaction  of  glycuronic  acid  with  naphthoresorcin  in 
presence  of  18  per  cent.  HCl  are  readily  soluble  in  ether,  while  the  pentoses,  hexoses 
and  rhamnose  yield  colored  substances  difficultly  soluble  in  ether.  The  ether  solu- 
tion of  the  former  shows  a  characteristic  absorption  spectrum.  (See  experiment 
185.) 

The  following  articles  deal  with  the  above  reactions:  V.  Udransky:  Zeit. 
Physiol.  Chem.,  12,  pp.  355-95;  Roos:  Ibid.,  15,  pp.  518-38;  Treupel:  Ibid.,  16,  pp. 
47-67;  Neuherg:  Ibid.,  31,  p.  564,  1901;  Tollens:  Armalen,  286,  p.  301;  Ber.  29, 
p.  1202,  1896;  Fleig:  Arm.  Chim.  Analyt.  13,  p.  427,  1908. 

Experiment  27.    The  detection  of  galactose.    Mucic  acid  reaction. 
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— We  may  now  pass  on  to  consider  special  reactions  for  the  detec- 
tion of  particular  carbohydrates. 

Galactose  may  be  detected  whether  it  is  present  either  in  a  glucoside 
or  free  state  by  its  yielding  on  oxidation  with  nitric  acid,  a  crystalline 
acid,  mucie  acid,  C00H.(CH0H)4C00H,  which  is  isomeric  with  sac- 
charic acid,  but  unlike  the  latter  is  almost  insoluble  in  cold  water  and 
alcohol. 

To  10  c.c.  M/5  lactose  solution  in  a  100  c.c.  beaker,  add  5  c.c.  distilled 
water  and  15  c.c.  concentrated  HNO3.  Heat  on  the  water  bath  until 
concentrated  to  about  l/5th  of  the  original  volume.  Now  add  15  c.c. 
distilled  water,  mix  well  and  set  aside  in  the  desk  until  the  next  day. 
Eeerystallize  in  the  following  way :  "Filter  off  the  crystals  of  mueic  acid, 
suspend  in  10  c.c.  water  and  add  1  c.c.  strong  NH4OH  (No.  5).  To 
the  solution  add  1  c.c.  strong  HNO3  (sp.  gr.  1.42),  stir  again  and  set 
aside  for  crystallization.  Examine  the  crystals  under  the  microscope. 
Filter  off  the  crystals,  wash  in  cold  water,  dry  over  CaClj  in  desiccator. 
Glucose,  and  polysaccharides  containing  it,  give,  when  similarly  treated, 
an  isomeric  acid,  saccharic  acid,  which  is  soluble  and  hence  does  not 
crystallize  out.    The  reaction  is  as  follows : 

6  HNO,  +  C  H,  0„  . >.  C  H,  O.  +  6N0,  +  4H  O 

3'        6      12     6  6      10     8'  2*^         2 

Mucic  acid 

Experiment  28.  Detection  of  starch  by  iodine. — Iodine  reacts  with 
starch  to  form  a  deep  blue  colored  substance,  starch  iodide.  The  color 
is  discharged  on  heating  and  reappears  on  cooling,  although  in  dimin- 
ished intensity.  The  exact  nature  of  the  reaction  is  unknown.  Bromine 
and  chlorine  also  unite  with  starch,  but  oxidize  it,  the  elements  being 
changed  to  their  colorless  condition.  It  is  possible  that  the  intermediate 
compound  persists  longer  with  iodine,  which  is  a  weaker  oxidizing  agent, 
and  that  the  blue  color  is  due  to  the  particular  condition  of  the  iodine 
atom.  Iodine  has  a  violet  color  in  many  solvents,  usually  those  which 
contain  no  hydroxyl  groups.  Other  substances  than  starch  will  give  a 
blue  color  with  iodine.  An  amyloid  so  reacting  may  be  prepared  from 
cellulose,  and  eholeic  acid  also  yields  a  blue  compound.  Starch  is  prac- 
tically the  only  common,  carbohydrate  which  gives  this  reaction.  The 
color  of  starch  iodide  is  discharged  by  NaOH,  sodium  thiosulphate  and 
alcohol. 

To  5  c.c.  0.1  per  cent,  starch  solution  add  a  few  drops  of  IjKI  solu- 
tion. Starch  gives  a  blue  color.  Heat  and  observe  the  disappearance 
of  the  color  on  heating  and  its  return  on  cooling.  Erythrodextrin  gives 
a  red  reaction  with  iodine,  and  glycogen  a  brown  red. 

Experiment  29.  Seliwanoff's  reaction  for  ketoses.^This  reaction 
consists  in  the  development  of  a  deep  red  color  followed  by  the  appear- 
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ance  of  a  brownisli  precipitate  when  a  ketose,  such  as  lenilose,  is  heated 
with  strong  HCl  and  resorcinol. 

The  reagent  is  made  by  dissolving  0.5  gram  of  resorcinol  in  100  c.c. 
concentrated  HCl  and  diluting  to  300  c.c.  by  addition  of  water. 

5  c.c.  of  the  reagent  is  placed  in  a  test  tube,  1  c.e.  of  the  sugar 
solution  to  be  tested  is  added  and  immersed  in  boiling  water.  If  a 
ketose  is  present  the  solution  will  quickly  turn  red  and  a  red  precipitate 
will  appear. 

To  test  the  reaction  of  glucose,  levulose  and  galactose  with  this 
reagent  measure  5  c.c.  portions  of  the  reagent  into  each  of  4  test  tubes, 
add  respectively  to  the  different  tubes  1  c.c.  of  M/5  solutions  of  glucose, 
levulose  and  galactose,  and  1  c.c.  of  M/lOO  levulose,  immerse  all  the 
tubes  at  the  same  time  in  boiling  water  and  heat  for  several  minutes. 
Observe  how  quickly  the  two  levulose  tubes  react  as  compared  with  the 
aldehyde  sugars. 

This  test  is  often  described  as  a  specific  test  for  levulose.  It  is 
better  to  call  it  an  indicative  test  for  ketose,  since  other  keto-hexoses, 
like  sorbose,  as  well  as  keto-trioses,  keto-tetroses,  d-oxygluconie  acid  and 
formose  give  the  test  readily.  All  hexoses  give  the  test  very  faintly  and 
very  slowly  if  proper  precautions  are  observed  as  to  concentrations  of 
the  acids  and  carbohydrates.  The  color  developed  here  is  due  to  the 
formation  of  4-methyl-2-hydroxy-furfural  and  the  reactions  of  this  with 
the  resorcin  in  presence  of  a  12  per  cent,  solution  of  hydrochloric  acid. 
The  same  reactions  are  involved  in  the  Boas  test  for  a  certain  hydrogen 
ion  concentration  in  gastric  juice.  Boas'  reagent  is  a  solution  of  cane 
sugar  and  resorcin  in  95  per  cent,  alcohol;  the  presence  of  a  certain 
hydrogen  ion  concentration  is  indicated  by  the  developing  of  a  red  color. 
(See  experiment  132.) 

The  Seliwanoff  reaction  has  been  modified  in  various  ways,  using 
lower  concentrations  of  hydrochloric  acid,  alcoholic  solutions  of  sulphuric 
acid,  or  a  slightly  ionized  acid  like  acetic  acid  instead  of  the  12 
per  cent,  hydrochloric  acid  solution  employed  above.  In  any  case, 
due  precautions  as  to  length  of  time  of  heating  and  concentration 
of  carbohydrate  must  be  taken  to  make  the  reaction  of  diagnostic 
value.  The  test  is  carried  out  more  satisfactorily  when  the  precipi- 
tate, formed  after  heating,  is  filtered  off,  dissolved  in  95  per  cent, 
alcohol  and  this  alcoholic  solution  then  examined  for  its  absorption 
spectrum.^ 

Experiment  30.  Identification  of  carbohydrates  by  means  of  their 
osazones. — Any  carbohydrate  which  is  a  good  reducing  agent  and  con- 
sequently easily  oxidized  will  combine  with  phenyl  hydrazine  to  form 
osazones.    These  are  insoluble  substances  which  form  long  yellow  crystals 

Tor  detailed  information  read:  (1)  SeliwanoflF:  Berichte  20  (1887),  p.  181; 
(2)  Ekenstein  and  Blankama:  Ber.  43,  p.  2355,  1910;    (3)  Pinoff:  Ber.  38,  p.  3308, 
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and  these  crystals  have  definite  melting  points.  The  formation  of 
these  crystals  constitutes  one  of  the  best  ways  of  detecting  and 
identifying  carbohydrates.  All  aldoses  and  ketoses  form  these  osazones 
and  many  other  ketones  and  aldehydes  will  react  to  form  hydrazones 
and  if  they  contain  in  addition  an  alcohol  group  will  form  also 
osazones. 

Weigh  out  1.0  gram  of  phenyl  hydrazine  hydrochloride  and  1.5 
grams  of  sodium  acetate  on  the  torsion  balance.  Transfer  to  a  clean 
mortar  and  grind  together  until  the  mixture  is  uniform  in  appearance. 
Now  weigh  a  0.5  gram  portion  into  each  of  four  dry  test  tubes  and  to 
the  tubes  add  respectively  and  accurately  by  a  pipette  2  c.c.  of  M/5 
solutions  of  glucose,  mannose,  levulose  and  lactose.  Label  carefully, 
and  immerse  all  the  tubes  at  the  same  time  in  boiling  water.  At  intervals 
of  one-half  minute  remove  all  from  the  bath  at  the  same  time,  shake 
for  an  instant  and  return  to  the  bath  at  once.  Eepeat  this  three  times. 
Observe  if  any  white  crystalline  precipitate,  hydrazone,  appears  in  the 
mannose  tube.  If  it  does  remove  a  little  with  a  pipette,  observe  under 
the  microscope  and  draw  some  of  the  crystals.  What  is  a  hydrazone? 
(See  page  43.)  Continue  boiling  for  25  minutes  and  note  the  time  when 
precipitation  occurs  in  the  different  tubes  during  that  period.  Now 
remove  all  the  tubes  from  the  water  bath  and,  while  cooling,  note  the 
time  when  a  precipitate  appears  in  those  tubes  which  were  clear.  The 
osazones  appear  in  about  the  order  of  the  reactivity  of  the  different 
sugars,  levulose  first.  Saccharose  forms  no  osazone.  Examine  a  little 
of  the  precipitate  from  each  tube  on  a  slide  under  the  microscope  and 
draw  the  crystals  of  osazones  formed.  They  are  yellow  in  color.  Man- 
nose is  at  first  precipitated  as  a  colorless  hydrazone,  but  later  changes 
to  the  yellow  osazone.  The  other  hydrazones  are  soluble.  Mannose, 
glucose  and  levulose  form  the  same  osazone.  What  does  this  show  as 
regards  the  constitution  of  the  last  four  carbon  atoms  of  these  sugars? 
The  object  of  adding  the  sodium  acetate  is  to  reduce  the  acidity,  thus 
increasing  the  concentration  of  the  free  base,  phenyl  hydrazine,  which 
is  more  reactive  than  the  salt. 

Experiment  31.  The  solubility  of  cellulose  in  ZnClj  and  other  so- 
lutions.— Cellulose  is  a  polysaccharide.  It  is  readily  soluble  in  ZnClj 
solution  in  concentrated  HCl  and  in  an  ammoniaeal  CuCOj  solution 
(Schweizer's  reagent). 

The  Zinc  Chloride  solution  is  made  by  dissolving  ZnClj  in  twice  its 
weight  of  concentrated  HCl.  Miter  paper  and  other  cellulose  will 
dissolve  readily  in  this  solution  and  may  be  precipitated  out  on  diluting 
with  water. 

In  place  of  ZnClj  solution,  Schweizer's  reagent  may  be  used.  This 
is  made  as  follows : 
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Dissolve  3  grams  of  moist  cuprie  hydroxide,  formed  by  addition 
of  KOH  solution  to  a  solution  of  cuprie  sulphate  containing  some 
ammonium  chloride  and  filtering  and  washing,  in  a  liter  of  20  per  cent, 
hydroxide. 


Exercise  IX.    Decombosition  of  carbohydrates  by  acids  and 

ENZYMES. 

Acids  hydrolyze  di-,  tri-  and  polysaccharides  when  in  aqueous  solu- 
tion into  simpler  sugars  and  if  they  act  long  enough  decompose  the 
monosaccharides  with  the  formation  of  furfural  from  pentoses  and 
methyl-hydoxy  furfural,  levulinic  acid  and  formic  acid  and  humus  sub- 
stances from  hexoses.  These  aldehydes  are  the  causes  of  the  color  reac- 
tions given  in  the  various  color  tests  already  studied  in  the  last  exercise, 
showing  formation  of  furfural  from  pentoses. 

The  following  experiment  is  to  be  done  in  groups  of  three,  one  of 
the  three  distilling  bran,  another  glucose  and  another  levulose.  The 
object  of  this  experiment  is  to  show  that  pentoses  yield  large  quantities 
of  furfural,  CoHiOa,  when  distilled  with  strong  HCl,  whereas  hexose 
sugars  (glucose  and  levulose)  do  not  yield  furfural  except  in  very  small 
traces  but  produce  humic  acid  and  levulinic  acid  instead. 

Experiment  32.  Decomposition  of  monosaccharides  by  acids. — 
Connect  three  250  c.c.  flasks,  A,  B  and  C,  with  condensers  and  receiving 
flasks  ready  for  distillation,  as  shown  in  Figure  68 : 


FiQ.  68. — Apparatus  arranged  for  the  distillation  of  furfural. 

Place  in  one  flask  (A)  5  grams  wheat  bran;  into  (B)  5  grams  glucose; 
(C)  5  grams  levulose.  Add  to  each  flask  70  c.c.  HCl  (concentrated  HCl 
diluted  with  equal  amount  of  water).    Heat  each  to  boiling  and  boil 
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vigorously  until  about  15  c.c.  distillate  have  come  over.  While  the 
distillation  is  going  on  observe  and  note  the  red  color  developed  in  the 
glucose  and  levulose  solutions  on  heating,  the  appearance  of  black  humus 
substances  in  all  flasks,  and  by  holding  a  piece  of  filter  paper  moistened 
with  aniline  acetate  over  the  end  of  the  condenser  observe  that  the  paper 
touched  to  the  bran  condenser  gives  a  bright  pink  color,  but  not  when 
touched  to  the  others.    This  is  a  test  for  furfural. 

When  the  3  distillates  are  collected,  smell  and  note  nutty  odor  of 
furfural,  and  the  sharp  smell  of  formic  acid  in  the  distillates  from  the 
hexoses. 

Examine  each  distillate  for  furfural  by  aniline  acetate  and  by  the 
orcinol  test  such  as  was  carried  on  in  experiment  26.  The  bran  distillate 
gives  the  furfural  tests,  i.e.,  aniline  acetate  and  the  orcinol  reaction 
(blue  color)  but  the  distillates  of  the  hexoses  do  not. 

In  the  hexose  flasks  there  has  been  formed  in  place  of  furfural  the 
methyl  hydroxy  furfural  and  this  has  broken  down  with  the  formation 
of  levulinic  and  formic  acids  according  to  the  following  reaction : 

HC  —  COH  H  C  —  CH 

2       2 


J    I 


CH  C    C  —  CHO  +  2H  0  ►  CH  COH  C  =  0     +  HCOOH 

\    /  \    / 

0  0 

Methyl-hydroxy-  Levulinic  acid  Formic 

furfural 


The  levulinic  acid  undergoes  rearrangement  to  CH3  COCHs-CHj 
COOH. 

The  formation  of  levulinic  acid  in  an  acid  hydrolysis  is  an  indication 
that  a  hexose  has  been  present.    Pentoses  yield  furfural. 

Aniline  acetate  paper :  To  prepare  this  place  a  drop  of  50  per  cent, 
aniline  acetate  solution  on  a  small  piece  of  filter  paper  and  allow  to 
become  partially  dry.    Furfural  turns  it  pink. 

After  removing  the  greater  part  of  the  furfurals,  by  distillation,  and 
the  humic  acids  by  filtration,  extract  the  levulinic  acid  from  the  filtrate 
by  ether.  The  ether  solution  on  evaporation  on  the  steam  bath  yields 
crude  levulinic  acid,  which  even  in  the  cold  readily  forms  iodoform 
when  made  alkaline  with  NaOH  and  a  few  drops  of  KI3  solution  (No. 
45)  added.  What  other  common  substances  readily  yield  iodoform  by 
similar  treatment?  Are  these  substances  likely  to  be  present  here?  To 
further  identify  levulinic  acid,  it  is  usually  separated  as  the  zinc  salt 
and  then  identified  as  the  silver  salt.  (Annalen,  206,  pp.  207  and 
226.) 

Experiment  33.    The  decomposition  of  sugars  by  enzymes, — In  the 
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body  the  sugars  are  not  decomposed  by  acids  and  alkalies  bat  by  other 
reagents  of  an  unknown  nature  supposed  to  be  enzymes.  Such  an 
enzyme,  called  zymase,  is  found  in  yeast.  By  its  action  dextrose  and 
similar  hexoses  are  converted  into  alcohol  and  carbon  dioxide.  This  is 
the  fermentation  of  dextrose  by  yeast  which  is  at  the  foundation  of  bread 
making,  brewing,  wine  and  alcohol  manufacture.  To  test  the  decom- 
position of  various  sugars  proceed  as  follows : 

Make  a  suspension  of  half  a  cake  of  compressed  yeast  in  10  c.e. 
of  water  by  triturating  very  gently  in  a  small  mortar.  To  15  c.e. 
portions  of  the  carbohydrate  solution  (do  not  use  the  toluene 
PRESERVED  SOLUTIONS  HERE),  add  1  c.c.  of  the  well-mixcd  suspension, 
mix  well  and  at  once  transfer  to  the  fermentation  tube.  For  carbo- 
hydrate solutions  use  M/25  solutions  of  arabinose,  levulose,  glucose, 
mannose,  galactose,  maltose,  saccharose,  lactose  and  0.70  per  cent,  starch 
paste.  Prepare  the  starch  paste  by  the  method  outlined.  Set  aside  the 
tubes  and  note  the  amount  of  gas  liberated  after  6-8,  10-12  and  18-24 
hours.  Note  which  of  the  sugars  is  fermented.  What  do  the  fermented 
sugars  have  in  common  which  determines  f ermentability  ? 

Products  of  fermentation.  GOz-  Into  a  tube  in  which  active 
fermentation  has  taken  place  introduce  1  c.c.  strong  NaOH  solu- 
tion (No.  86)  into  the  closed  end  of  the  tube  by  means  of  a  bent  pipette. 
Next  add  enough  water  completely  to  fill  the  shorter  end  of  the  tube, 
place  the  thumb  over  the  opening  without  introducing  air  and  invert 
the  tube  two  or  three  tim€s  without  collecting  any  of  the  gas  under  the 
thumb  in  the  shorter  arm  of  the  tube.  Set  the  tube  upright  and  note 
the  suction  on  the  thumb.  When  the  thumb  is  removed  the  fluid  rises 
in  the  closed  arm,  due  to  the  absorption  of  the  COj  from  the  fermenta- 
tion gas.  Different  kinds  of  bacteria  and  yeasts  form  gas  with  more  or 
less  Hj  intermixed  with  the  COj. 

Products  of  fermentation.  AlcoJiol.  Filter  a  portion  of  the  solu- 
tion in  the  fermentation  tube  and  add  5-20  drops  of  loKI  solution 
(No.  45)  to  5  c.c.  thereof.  Sufficient  IjKI  should  be  added  to  render  the 
entire  mixture  light  yellow  for  about  one-half  minute.  Warm  slightly, 
note  the  odor  of  iodoform,  and  set  aside.  Examine  the  separated  yel- 
low, iodoform  crystals  with  a  microscope.  Rosettes.  Acetone  and  some 
other  substances  will  give  the  iodoform  reaction  with  iodine. 

Does  yeast  contain  invertin?    Does  it  contain  lactase? 

Experiment  34.  Inversion  of  cane  sugar  by  acids. — Acids 
hydrolyze  disaccharides  into  monosaccharides. 

To  10  c.c.  of  a  M/5  solution  of  saccharose  add  an  equal  quantity 
in  a  test-tube  of  N/2H2SO4  and  immerse  in  boiling  water  for  45  minutes. 
While  this  is  heating  take  in  another  test-tube  10  c.c.  of  M/5  saccharose, 
dilute  it  with  an  equal  quantity  of  water  and  determine  its  specific  rota- 
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tory  power  at  20°  C.  by  means  of  the  polariseope  (see  page  25).  At 
the  end  of  the  45  minutes  of  heating  the  original  solution,  cool  it  to 
the  temperature  of  the  solution  you  have  just  examined,  about  20°  C, 
and  determine  the  specific  rotatory  power  of  this  and  compare  it  with 
the  other.  If  the  solution  is  still  dextro-rotatory,  return  it  to  the  water 
bath  for  longer  heating.  Explain  the  change  in  the  rotatory  power  pro- 
duced by  the  acid.  Write  the  reaction.  This  change  in  rotatory  power 
from  dextro  to  levo  is  called  inversion. 

After  recording  the  polariseope  reading  of  the  solution  which  has 
been  heated  with  acid,  neutralize  the  acid  exactly  by  adding  carefully 
from  a  burette  N/2  NaOH  or  cold,  saturated  barium  hydrate,  using 
litmus  as  an  indicator.  Do  not  add  an  excess  of  alkali.  Filter  from 
the  barium  sulphate,  if  Ba(0H)2  has  been  used,  and  test  the  reducing 
power  of  the  solution  with  Benedict's  and  Barfoed's  reagent.  The 
reducing  power  will  be  found  greatly  increased  by  the  acid  treatment 
due  to  the  formation  of  glucose  and  levulose.  Test  some  of  the  filtrate 
for  the  presence  of  levulose.  (Seliwanoff's  reaction.)  Compare  thus  the 
reducing  reaction  of  the  saccharose  before  and  after  acid  has  acted. 

Experiment  35.  Hydrolysis  of  polysaccharides  by  acids. — Take 
2  c.c.  2  per  cent,  starch  solution  in  test-tube.  Add  1  e.e.  concentrated 
HCl,  heat  to  boiling  and  about  30  seconds  longer.  Notice  solution  clears 
up.  Then  take  out  1  c.c,  add  3  drops  CuSO^  and  NaOH  to  alkaline 
reaction  shown  by  development  of  deep  blue  color.  Heat  and  note  deep 
red  precipitate  due  to  reduction  by  sugar  set  free. 

To  the  clear  starch  solution  remaining  and  cooled  add  a  couple  of 
drops  of  I2KI  solution.  If  the  boiling  has  been  long  enough  the  solution 
will  turn  a  deep  red,  due  to  the  erythro-dextrin  formed.  The 'starch 
has  disappeared,  as  shown  by  loss  of  blue  reaction  with  iodine  and 
erythro-dextrin  and  a  reducing  sugar  (glucose)  have  taken  its  place. 

Experiment  36.  Alkalies  do  not  hydrolyse  starch,  other  poly- 
saccharides and  cane  sugar. — Indeed  these  are  all  remarkably  resistant 
to  the  action  of  alkalies  although  so  easily  split  by  aeids. 

To  1  c.c.  of  1  per  cent,  solutions  of  starch  and  M/5  cane  sugar  in 
separate  test-tubes  add  3  drops  concentrated  NaOH  and  heat  to  boiling. 
Observe  that  no  brown  color  develops  on  heating  as  would  be  the  case  if 
glucose,  levulose  or  other  monosaccharide  had  been  set  free.  After 
boiling  gently  2  or  3  minutes  add  a  couple  of  drops  of  2  per  cent.  CuSO^ 
solution,  and  again  heat  to  boiling.  There  is  no  reduction,  showing  that 
no  monosaccharide  has  been  formed. 

Exercise  X.    Quantitative  determination  oe  reducing  sugars. 

The  commonest  sugar  to  be  determined  is  glucose  (dextrose)  and  a 
very  good  method  is  that  of  Benedict.    This  method  is  used  to  measure 
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the  sugar  in  the  urine  and  is  described  on  page  1111.  One  of  the  most 
accurate  methods  is  that  of  Munson  and  Walker.  Two  or  three  of  these 
other  standard  methods  are  given  here.  Others  will  be  found  in  the 
section  on  the  blood,  page  1021,  1028. 

Experiment  37.  Quantitative  determination  of  reducing  sugars  in 
urine  and  other  fluids.  Bertrand  method  (Bertrand,  Bull,  de  la  80c. 
CMmique  de  Paris,  XXXV,  p.  1285,  1906).— In  the  absence  of  other 
reducing  substances  in  the  solution  the  amount  of  glucose,  or  other 
reducing  sugar,  can  be  best  determined  by  the  Bertrand  method  or  by 
a  combination  of  the  Munson  and  Walker  and  Bertrand  methods  which 
follow  (38). 

Principle.  The  sugar  contaniing  liquid  is  boiled  with  a  definite 
amount  of  Fehling's  solution  for  a  specific  time.  There  must  always  be 
a  large  excess  of  Fehling's  solution  used,  so  that  the  blue  color  is  little 
changed.  The  cupi'ous  o.^ide  formed  is  filtered  off  on  an  asbestos  filter, 
and  the  amount  determined  by  redissolving  it  in  a  solution  of  ferric 
sulphate  containing  sulphuric  acid  and  titrating  the  amount  of  ferrous 
sulphate  formed  by  standard  permanganate  of  potassium  solution.  From 
the  amount  of  copper  thus  determined  one  finds  by  means  of  tables  the 
amount  of  glucose  or  other  sugar  present  in  the  quantity  of  original 
solution  used. 

Process.  Place  in  a  150  c.c.  Erlenmeyer  flask  20  c.c.  of  the  neutral 
sugar  solution  (urine)  to  be  determined.  These  20  c.c.  must  not  contain 
more  than  100  mgs.  of  glucose  or  other  sugar:  in  other  words,  it  must 
not  be  more  than  0.5  per  cent.  It  is  preferable  to  have  between  10  and 
90  mgs.  Dilute  the  solution  if  more  concentrated  than  this,  but  always 
take  20  c.c.  Add  20  c.c.  of  the  cupric-sulphate  solution  (1)  and  20 
c.c.  of  the  alkaline  liquid  (2)  and  heat  to  boiling.  Boil  gently,  so  as 
not  to  concentrate  the  solution  too  greatly,  for  exactly  3  minutes.  With- 
draw the  flask  from  the  fire,  and  after  waiting  a  moment  for  the  cuprous 
oxide  to  settle,  filter  while  still  hot  under  suction  through  a  previously 
prepared  Gooch  crucible  with  an  asbestos  mat.  The  way  to  make  this 
filter  is  described  in  the  following  modification  of  this  method,  p.  996. 
Bring  as  little  as  possible  of  the  cuprous  oxide  on  the  filter,  but  wash 
the  cuprous  oxide  by  decantation  with  distilled  water,  decanting  through 
the  asbestos  filter  each  time.  After  several  washings  by  decantation 
and  suction,  when  the  asbestos  filter  is  free  from  blue  color  and  any 
tartrate,  remove  and  rinse  carefully  the  filter  flask  so  that  it  is  quite 
clean  and  then  replace  the  filter  over  it.  Now  dissolve  the  CujO  in  the 
Erlenmeyer  flask  by  adding  successive  portions  little  by  little,  about  5  c.c. 
at  a  time,  of  the  ferric-sulphate  solution  (3).  About  10-20  c.c.  will  be 
necessary.    The  precipitate  changes  to  a  blue  black  and  dissolves  to  a 
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green  solution.  When  this  is  dissolved  pour  this  solution  carefully,  using 
mild  suction,  through  the  asbestos  filter  so  as  to  dissolve  any  cuprous 
oxide  which  may  have  been  caught  in  the  filter.  It  may  be  necessary 
to  add  a  little  fresh  ferric-sulphate  solution  to  bring  this  all  in  solution. 
Rinse  the  Erlenmeyer  carefully  with  distilled  water  and  pour  the  wash- 
ings through  the  filter.  Now  titrate  the  filtrate  in  the  suction  flask  by 
adding  from  the  burette  the  potassium  permanganate  solution  (4)  until 
a  single  drop  gives  a  permanent  pink  color.  The  end  point  is  very 
sharp. 

Calculation.  Multiply  the  number  of  c.c.  of  permanganate  used  by 
the  figure  expressing  the  value  of  each  c.c.  of  permanganate  in  copper, 
and  look  up  in  the  table  the  amount  of  reducing  sugar  corresponding 
to  this  amount  of  Cu.  For  the  determination  of  the  value  of  the  per- 
manganate in  copper  see  the  following  paragraph. 

Solutions  needed: 

1.  Pure  crystalline  CuSO     40  g. 

Distilled  water  to  11. 

2.  Pure  Roehelle  salts   200  g. 

NaOH  in  sticks 150  g. 

Water  to    11. 

3.  Ferric  sulphate    50  g. 

Con.  H^SO^ 200  c.c. 

Water  to 11. 

4.  Potassium   pennanganate    5  g. 

Water  to   11. 

Determine  the  permanganate  as  follows :  0.250  g.  ammonium  oxalate 
is  warmed  with  100  c.c.  water  and  2  c.c.  con.  H2SO4  in  a  beaker  to  60-80°. 
Eun  in  permanganate  from  a  burette  until  a  rose  color  remains  (about 
22  c.c.  will  be  needed) .  Multiply  the  amount  of  ammonium  oxalate  by 
63.6X2 

(=0.8951).    This  gives  the  amount  of  Cu  which  the  amount  of 

142.1 
permanganate  used  in  the  titration  represents.    In  round  figures  1  liter 
of  permanganate  solution  equals  10  gr.  of  copper.    Reactions : 

1 .  Cu^O  +  Fe^  ( so  J  3  -)-  H^SO^  =  2CuS0^  -f  H^O  -\-  2FeS0^ 

2.  FeSO^  +  2KMnO^  -f  SH^SO^  =  5Fe^  ( SO  J  ^  -f  K^SO^  -f  2MnS0^  -f  8H^0 

3.  5CH0  +2KMnO   -U  3H  SO  =10CO  +2MnS0  -)-K  SO   -f  8H  0 

224'  4'  24  2     '  4'24'  2 

1  molecule  (NH  )  C  O    is  equivalent  to  2Fe. 

Table  foe  the  Determination  of  REDUcma  Stjgaes  by  the  Berteand  Method. 

(Note. — ^This  table  can  only  be  used  when  the  directions  of  Bertrand  as  to  the  con- 
centration of  the  Fehling's  solution  and  the  time  of  heating  have  been  exactly 
followed.  DiflFerent  values  are  obtained  if  the  heating  is  for  another  time  and 
if  the  relative  concentrations  of  sugar,  copper  sulphate  and  alkali  are  different 
from  those  specified.) 
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CiT.  IN  Mqs.  fob  the  Following  Suqabs: 


agar  in 

Glucose 

Invert  sngar 

Galactose 

Maltose 

Lactose     Mannose       Xylose      Arabinose 

mgs. 

Cu. 

Cm. 

Cu. 

Cu. 

Cu.              Cu.              Cu.              Cu. 

10 

20.4 

20.6 

19.3 

11.2 

14.4           20.7           20.1           21.2 

11 

22.4 

22.6 

21.2 

12.3 

16.8 

12 

24.3 

24.6 

23.0 

13.4 

17.2 

13 

26.3 

26.5 

24.9 

14.6 

18.6 

14 

28.3 

28.5 

26.7 

15.6 

20.0 

15 

30.2 

30.5 

28.6 

16.7 

21.4 

16 

32.2 

32.5 

30.6 

17.8 

22.8 

17 

34.2 

34.5 

32.3 

18.9 

24.2 

18 

36.2 

36.4 

34.2 

20.0 

25.6 

19 

38.1 

38.4 

36.0 

21.1 

27.0 

20 

40.1 

40.4 

37.9 

22.2 

28.4           40.5           39.6           41.9 

21 

42.0 

42.3 

39.7 

23.3 

29.8 

22 

43.9 

44.2 

41.6 

24.4 

31.1 

23 

45.8 

46.1 

43.4 

25.5 

32.5 

24 

47.7 

48.0 

45.2 

26.6 

33.9 

2S 

49.6 

49.8 

47.0 

27.7 

36.2 

26 

61.5 

51.7 

48.9 

28.9 

36.6 

27 

53.4 

63.6 

50.7 

30.0 

38.0 

28 

66.3 

55.5 

62.6 

31.1 

39.4 

29 

57.2 

67.4 

54.4 

32.2 

40.7 

30 

59.1 

59.3 

66.2 

33.3 

42.1           69.5           58.7           62.0 

31 

60.9 

61.1 

68.0 

34.4 

43.4 

32 

62.8 

63.0 

59.7 

35.5 

44.8 

33 

64.6 

64.8 

61.5 

36.5 

46.1 

34 

66.6 

66.7 

63.3 

37.6 

47.4 

35 

68.3 

68.5 

65.0 

38.7 

48.7 

36 

70.1 

70.3 

66.8 

39.8 

60.1 

37 

72.0 

72.2 

68.6 

40.9 

61.4 

38 

73.8 

74.0 

70.4 

41.9 

52.7 

39 

76.6 

76.9 

72.1 

43.0 

64.1 

40 

77.5 

77.7 

73.9 

44.1 

56.4            78.0           77.3           81.6 

41 

79.3 

79.5 

75.6 

45.2 

56.7 

42 

8L1 

81.2 

77.4 

46.3 

58.0 

43 

82.9 

83.0 

79.1 

47.4 

59.3 

44 

84.7 

84.8 

80.8 

48.6 

60.6 

46 

86.4 

86.6 

82.5 

49.5 

61.9 

46 

88.2 

88.3 

84.3 

50.6 

63.3 

47 

90.0 

90.1 

86.0 

51.7 

63.3 

48 

91.8 

91.9 

87.7 

52.8 

66.9 

49 

93.6 

93.6 

89.5 

53.9 

67.2 

50 

96.4 

96.4 

91.2 

55.0 

68.5           95.9           95.4         100.6 

51 

97.1 

97.1 

92.9 

56.1 

69.8 

62 

98.9 

98.8 

94.6 

57.1 

71.1 

63 

100.6 

100.6 

96.3 

68.2 

72.4 

54 

102.3 

102.3 

98.0 

59.3 

73.7 

55 

104.1 

104.0 

99.7 

60.3 

74.9 

56 

105.8 

106.7 

101.5 

61.4 

76.2 

57 

107.6 

107.4 

103.2 

62.6 

77.5 

68 

109.3 

109.2 

104.9 

63.5 

78.8 

69 

111.1 

110.9 

106.6 

64.6 

80.1 

60 

112.8 

112.6 

108.3 

65.7 

81.4         113.3         113.2         119.3 

61 

114.6 

114.3 

110.0 

66.8 

82.7 

62 

116.2 

115.9 

111.6 

67.9 

83.9 

63 

117.9 

117.6 

113.3 

68.9 

85.2 

64 

119.6 

119.2 

115.0 

70.0 

86.5 

66 

121.3 

120.9 

116:6 

71.1 

87.7 

66 

T23.0 

122.6 

118.3 

72.2 

89.0 
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Cu.  IN  Mgs.  for  the  Following  Sugars: 


Sugar  in 

67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 


Qlncose 
Oil. 

124.7 
126.4 
128.1 
129.8 
131.4 
133.1 
134.7 
136.3 
137.9 
139.6 
141.2 
142.8 
144.5 
146.1 
147.7 
149.3 
1.50.9 
l.'>2.5 
l.'54.0 
155.6 
157.2 
158.8 
160.4 
162.0 
163.6 
165.2 
166.7 
168.3 
169.9 
171.5 
173.1 
174.6 
176.2 
177.8 


Invert  sugar 
(M. 

124.2 
125.9 
127.5 
129.2 
1.30.8 
132.4 
134.0 
135.6 
137.2 
138.9 
140.5 
142.1 
143.7 
145.3 
146.9 
148.5 
150.0 
151.6 
153.2 
154.8 
156.4 
157.9 
159.5 
161.1 
162.6 
164.2 
165.7 
167.3 
168.8 
170.3 
171.9 
173.4 
175.0 
176.5 


Galactose 
Ou. 

120.0 
121.7 
123.3 
125.0 
126.6 
I2R.3 
130.0 
131.5 
1.33.1 
134.8 
1.36.4 
1.38.0 
139.7 
141.3 
142.9 
144.6 
146.2 
147.8 
149.4 
151.1 
152.7 
154.3 
■156.0 
157.6 
159.2 
160.8 
162.4 
164.0 
165.6 
167.2 
168.8 
170.4 
172.0 
173.6 


Maltose 
Ou. 

73.3 

74.3 

75.4 

76.5 

77.6 

78.0 

79.7 

80.8 

81.8 

82.9 

84.0 

85.1 

86.1 

87.2 

88.3 

89.4 

90.4 

91.5 

92.6 

93.7 

94.8 

95.3 

96.9 

98.0 

99.0 

100.1 

101.1 

102.2 

103.2 

104.2 

105.3 

106.3 

107.4 

108.4 


Lactose 

Cu. 

90.3 

91.6 

92.8 

94.1 

95.4 

96.6 

97.9 

99.1 

100.4 

101.7 

102.9 

104.2 

105.4 

106.7 

107.9 

109.2 

110.4 

111.7 

112.9 

114.1 

115.4 

116.6 

117.9 

119.1 

120.3 

121.6 

122.8 

124.0 

125.2 

126.5 

127.7 

128.9 

130.2 

131.4 


Mannose 
Cu. 


130.2 


Xylose 
Cu. 


130.6 


ArabiiioBfi 
Ou. 


137.5 


163.3 


164.2 


172.7 


179.4 


180.5 


189.8 


Table  fob  Glucose  by  Beetrand  foe  Smaller  Amounts  op  Cu. 

Frank). 


Cn 
Mg. 
1.1 
2.2 
3.3 
4.4 
5.5 
6.5 
7.5 
S.5 
9.5 
10.5 


Glucose       Cu 


Mg. 
.  0.5 
,  1.0 
1.5 
2.0 
2.5 
3.0 
3.5 
4.0 
4.5 


Mg. 
11.5 
12.5 
13.5 
14.5 
15.5 
16.5 
17.5 
18.5 
19.5 


(Moeekel   and 


Glucose 
Mg. 

..  5.5 
6.0 
6.5 

.       7.0 

.  7.5 
8.0 
8.5 
9.0 
9.5 


5.0       20.5  10.0 


Kxperiment  38.  Quantitative  determination  of  reducing  sugars  in 
urine  and  other  fluids  by  a  combination  of  the  Munson  and  Walker 
and  Bertrand  methods  (Bertrand,  loc.  cit.  Munson  and  Walker:  V.  S. 
Department  of  Agriculture,  Bulletin  107,  1912,  p.  240;  see  also  Cir- 
cular 82). — In  the  experience  of  this  laboratory  this  method  is  the  most 
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accurate  and  convenient  of  all  the  methods  of  sugar  analysis.  It  differs 
from  the  Munson  and  Walker  method  in  that  the  cuprous  oxide  is  not 
weighed  but  titrated  by  permanganate  as  in  the  Bertrand  method.  It 
differs  from  the  Bertrand  method  in  that  the  composition  of  the  Fehling 
solution  is  different  and  the  time  of  heating  is  more  precisely  defined. 

Principle.    This  is  the  same  as  the  Bertrand  method. 

Process.  Transfer  25  c.c.  each  of  the  copper  (1)  and  alkaline  tar- 
ti'ate  solutions  (2)  to  a  400  c.c.  I^rex  beaker  and  add  50  c.c.  of  the 
neutral  sugar  solution,  or  10  c.c.  if  urine  be  used  and  add  water  to 
make  the  final  volume  100  c.c.  Cover  the  beaker  with  a  watch  crystal 
and  heat  on  an  asbestos  gauze  over  a  Bunsen  burner  so  regulated  that 
boiling  begins  in  exactly  4  minutes,  and  continue  the  boiling  for  exactly 
2  minutes.  Filter  the  cuprous  oxide  at  once  through  an  asbestos  felt  in 
a  porcelain  Gooch  crucible,  using  suction.  (A  device  which  has  been 
found  useful  in  this  laboratory  to  control  the  time  of  heating  is  to  use 
a  CaCla  solution,  boiling  at  112°  C.  This  is  brought  to  boiling  and 
while  boiling  the  beaker  with  the  sugar  and  Fehling 's  solution  is  im- 
mersed in  it  for  exactly  6  minutes.  It  takes  4  minutes  to  come  to  the 
boil  and  boiling  lasts  2  minutes.  Another  device  has  been  suggested  by 
Cole:  namely,  to  connect  a  water  manometer  with  the  gas  supply  and, 
having  once  found  what  pressure  of  gas  with  a  given  burner  will  boil  the 
beaker  in  4  minutes,  this  gas  pressure  is  obtained  each  time  by  regulat- 
ing a  thumbscrew.)  Wash  the  cuprous  oxide  and  the  filter  thoroughly 
with  water  at  a  temperature  of  about  60°,  using  suction.  (At  this  point 
in  the  Munson  and  Walker  method  the  precipitate  is  washed  with  alcohol 
and  ether,  dried  at  100^  and  weighed  as  CujO.)  In  the  Bertrand  modifi- 
cation proceed  as  follows:  Transfer  the  asbestos  and  precipitate  as 
soon  as  clean  to  the  beaker  in  which  the  precipitation  was  conducted, 
suspend  in  water  and  then  add  10  c.c.  of  the  Bertrand  ferric-sulphate- 
sulphuric-acid  solution,  or  10  c.c.  of  M/4  ferric-ammonium-sulphate- 
sulphuric-aeid  solution  (4).  Stir  until  all  of  the  CuoO  is  dissolved, 
taking  care  to  dissolve  all  the  CujO  on  the  stirring  rod  or  adherent  to 
the  inside  of  the  crucible  or  the  sides  and  lip  of  the  beaker.  A  green 
solution  is  obtained.  Titrate  at  once  with  continual  stirring  until  the 
pink  due  to  the  permanganate  persists  for  about  10-15  seconds.  1  c.c. 
N/20  KMnOi  is  equivalent  to  0.00315  gram  of  Cu.  Calculate  the  amount 
of  Cu  reduced  and  from  this  weight  find  the  amount  of  reducing  sugar 
to  which  it  is  equivalent  in  the  appended  tables  (Bulletin  107,  Dept.  of 
Agriculture,  pp.  243-251.  For  lactose  see  the  correction  in  Jour.  Am. 
Chem.  Sac,  XXXIV,  p.  202,  or  Circular  82).  In  the  tables  appended 
here  the  lactose  correction  has  not  been  made. 

Solutions  and  preparation  of  the  asbestos  filter.  1.  Copper-sulphate 
solution  (Soxhlet's  modification  of  Fehling 's) : 
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CuS0^.5H^0   (Baker's  best  quality)    34.639  grams. 

Water   to    500  c.c. 

2.  Alkaline  tartrate  solution : 

Rochelle  salts   173  grams. 

NaOH  (best  quality)    50 

Water  to   500  c.c. 

3.  Potassium  permanganate  solution:  Instead  of  the  solution  rec- 
ommended by  Bertrand,  a  N/20  solution  is  generally  used  in  this  labo- 
ratory, as  it  is  weaker; 

KMnO^    3.16  grams. 

Water    2  liters 

Dissolve  the  KMnO^  in  2,000  c.c.  distilled  water,  allow  to  stand  in  the 
dark  for  2-3  days,  then  filter  through  asbestos  or  glass  wool  or  decant 
the  supernatant  clear  fluid  into  a  clean,  dry  bottle.  Keep  in  a  bottle 
covered  with  black  paint  or  black  paper  to  protect  from  light.  Standard- 
ize against  sodium  oxalate.  Dry  overnight  about  0.66  gram  of  sodium 
oxalate  (pure)  in  a  weighing  tube  in  a  steam  oven  and  carefully  weigh 
off  three  samples  of  0.10-0.15  gram  each  of  this  dried  sodium  oxalate. 
Dissolve  each  sample  in  100  c.c.  of  water,  add  5  c.c.  of  H2SO4  (1:1  by 
volume),  warm  to  70°  C.  and  titrate  the  KMnO^  against  this.  1  c.c. 
N/20  KMnO^  is  equivalent  to  0.0035  gram  sodium  oxalate,  or  0.00315 
gram  copper. 

4.  Ferric-ammonium  alum  and  sulphuric  acid:  In  place  of  the 
ferric  sulphate  recommended  by  Bertrand  the  ferric-ammonium  alum 
may  be  used.    The  solution  used  is  M/2. 

(NH^Fe(SO^)^).24H^O   240.9  grams. 

Sulphuric  acid    (Con.)     200  c.c. 

Water  to 1  liter 

5.  Asbestos  filter:  Digest  the  amphibole  variety  of  asbestos,  cut  in 
pieces  about  1  inch  long,  for  3  days  with  1:3  HCl.  Wash  free  from 
acid  and  digest  for  a  similar  period  with  soda  solution,  after  which 
treat  for  a  few  hours  with  hot  alkaline  copper  tartrate  solution  of  the 
strength  employed  in  sugar  determinations.  "Wifish  the  asbestos  free 
from  alkali,  digest  with  nitric  acid  for  several  hours  and  after  washing 
free  from  acid  break  into  shreds  by  shaking  for  some  time  in  water. 
Flolin  suggests  suspending  it  in  water  and  forcing  a  brisk  air  current 
through  it.  Load  the  Gooch  crucible  with  a  layer  of  the  washed  asbestos 
about  %  inch  thick,  wash  it  repeatedly  with  water  to  remove  fine  asbestos 
and  then  with  alcohol.    Dry  at  100°  if  the  gravimetric  Munson  and 
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Walker  method  is  to  be  used.  With  the  Bertrand  method  it  is  not  neces- 
sary to  weigh  or  dry.  The  filters  improve  with  use.  In  the  gravimetric 
method  the  cuprous  oxide  may  be  washed  out  with  nitric  acid  after 
each  determination  and  the  felts  used  over  and  over.  In  the  Bertrand 
method  the  asbestos  is  filtered  off  after  each  titration,  washed  thor- 
oughly and  used  for  the  next  filtration. 

'  The  lactose  figures  in  the  following  tables  are  slightly  erroneous  and  cor- 
rections have  been  published  in  Circular  82,  and  In  the  Journal  Amer.  Chem.  Boc., 
34,  p.  204,  1912.    The  correction  is  generally  less  than  1  per  cent. 


PRACTICAL  WORK  AND  METHODS 


895 


Table  for  oaloulating  dextrose,  invert  sugar  alone,  invert  sugar  in  the  presence  of 
su^irose  (O.4  gram  and  2  gra/ms  total  sugar),  lactose  {three  forms),  and  maltose 
(anhydrous  and  crystallised).     [For  correction  of  lactose  figures  see  Clr.  82.] 
[Expressed  in  milligrams.] 


27 


31 


33 
34 


37 


40 
41 
42 
43 
44 

45 
46 
47 
48 
49 

SO 
SI 
S2 
53 
64 

5S 
S6 
57 
58 
59 


61 
82 
63 
64 


9> 


8.9 
9.8 
10.7 
11.5 
12.4 

13.3 
14.2 
15.1 
16.0 
16.9 

17.8 
18.7 
19.5 
20.4 
21.3 

22.2 
23.1 
24.0 
24.9 
25.8 

2S.6 
27^5 
28.4 
29.3 
30.2 

31.1 
32.0 
32.9 
33.8 
34.6 

35.5 
36.4 
37.3 
38.2 
39.1 

40.0 
40.9 
41.7 
42.6 
43.5 

44.4 
45. 3 
46.2 
47.1 
48.0 

48.9 
49.7 
50.6 
61.5 
52.4 

S3. 3 
54.2 
S5.1 
56.0 
56.8 


^ 


M 
at 
R 

4.0 
.4.5 
4.9 
5.3 
5.7 

6.2 
6.6 
7.0 
7.5 
7.9 

8.3 
8.7 
9.2 
9.6 
10.0 

10.5 
10.9 
11.3 
11.8 
12.2 

12.6 
13.1 
13.6 
13.9 
14.3 

14.8 
15.2 
15.6 
16.1 
16.5 

16.9 
17.4 
17  8 
18.2 

18.7 

19.1 
19.6 
20.0 
20.4 
20.9 

21.3 
21.7 
22.2 
22.6 
23.0 

23.5 
23.9 
24.3 
24.8 
25.2 

26.6 
26.1 
26.5 
27.0 
27.4 


4.5 
6.0 
5.4 
5.8 
6.3 

6.7 
7.2 
7.6 
8.1 
8.5 

8.9 
9.4 
9.8 
10.3 
10.7 

11.2 
11.6 
12.0 
12.5 
12.9 

13.4 
13.8 
14.3 
14.7 
15.2 

15.6 
16.1 
16.5 
1«.9 
17.4 

17.8 
18.3 
18.7 
19.2 
19.6 

20.1 
20.5 
21.0 
21.4 
21.9 

22.3 
22.8 
23.2 
23.7 
24.1 

24.6 
25.0 
25.6 
26.9 
26.4 

26.8 
27.3 
27.7 
28.2 
28.6 


Invert  sugar 
and  sucrose. 


1.6 
2.1 
2.5 
3.0 
3.4 

3.9 
4.3 
4.8 
6.2 
5.7 


7.0 
7.5 
7.9 

8.4 
8.8 
9.3 
9.7 
10.2 

10.7 
11.1 
11.6 
12.0 
12.5 

12.9 
13.4 
13.8 
14.3 
14.7 

15.2 
15.6 
16.1 
16.6 
17.0 

17.6 
17.9 
18.4 
18.8 
19.3 

19.7 
20.2 
20.7 
21.1 
21.6 

22.0 
22.5 
22.9 
23.4 
23.9 

24.3 
24.8 
25.2 
25.7 
26.2 


1  = 


4.3 
4.7 
5.2 

5.B 
6.1 

6.5 
7.0 
7.4 
7.9 
8.4 

8.8 
9.3 
9.7 
10.2 
10.7 

11.1 
11.6 
12.0 
12.5 
12.9 

13.4 
13.9 
14.3 
14.8 
15.2 

15.7 
16.2 
16.6 
17.1 
17.5 

18.0 
18.5 
18.9 
19.4 
19.8 


Lactose. 


O 


% 


3.8 

4.5 
5.1 
5.8 
6.4 

7.1 
7.7 
8.4 
9.1 
9.7 

10.4 
11.0 
11.7 
12.3 
13.0 

13.6 
14.3 
15.0 
15.6 
16.3 

16.9 
17.6 
18.2 
18.9 
19.5 

20.2 
20.9 
21.5 
22.2 
22.8 

23.5 
24.1 
24.8 
25.4 
26.1 

26.8 
27  4 
28.1 
28.7 
29.4 

30.0 
30.7 
31.; 
32.0 
32.  ( 

33.3 
33.9 
34.6 
35.2 
35.9 

36.5 
37.2 
37.8 
38.5 
39.2 


+ 
I 

o 


4.6 
5.3 
5.9 


7,3 
8.0 
8.6 
9.3 
10.0 

10.6 
11.3 
12.0 
12.7 
13.3 

14.0 
14.7 
15.3 
16.0 
16.7 

17.4 
18.0 
18.7 
19.4 
20.1 

20.7 
21.4 
22.1 
22.8 
23.4 

24.1 
24.8 
25.4 
26.1 
26.8 

27.5 
28.1 
28.8 
29.5 
30.1 

308 
31.5 
32.1 
32.8 
33.5 

34.1 
34.8 
35  5 
36.1 
36.8 

37.6 
38.2 
38.8 
39.5 
40.2 


O 

a 

+ 

I 


4.0 
4.7 
5.4 
6.1 

6.8 

7.5 
8.2 
8.8 
9.5 
10.2 

10.9 
11.6 
12.3 
13.0 
13:7 

14.4 
15.1 
15.7 
16.4 
17.1 

17.8 
18.5 
19.2 
19.9 
20.6 

21.3 
22.0 
22.7 
23.3 
24.0 

24.7 
26.4 
26.1 
26.8 
27.5 

28.2 
28.8 
29.5 
30.2 
30.9 

31.6 
32.3 
33.0 
33.6 
34.3 

35.0 
36.7 
36.4 
37.1 
37.7 

38.4 
39.1 
39.8 
40.5 
4L2 


Maltose, 


<3 

« 

+ 


5.9 
6.7 
7:5 
8.3 
9.1 

S.S 
10.6 
11.4 
12.2 
13.0 

13.8 
14.6 
15.4 
16.2 
17.0 

17.8 
18.6 
19.4 
20.2 
21.0 

21.8 
22.6 
23.3 
24.1 
24.9 

26.7 
26.5 
27.3 
28.1 
28.9 

29.7 
30.5 
31.3 
32.1 
32.9 

33.7 
34.4 
35.2 
36.0 


37.6 
38.4 
39.2 
40.0 
40.8 

41.6 
42.4 
43.2 
44.0 
44.8 

46.6 
46.3 
47.1 
47.0 
48.7 


% 

ta 

6.2 
7.0 
7.9 
8.7 
9.5 

10.4 
11.2 
12.« 
12.9 
13.7 

14.6 
-15.4 
16.2 
17.1 
.17.9 

18.7 
19.6 
20.4 
21.2 
22.1 

22.9 
23.7 
24.6 
25.4 
26.2 

27.1 
27.9 
28.7 
29.6 
30.4 

31.3 

i'32. 1 
32.9 
33.8 
34.6 

35.4 
36.3 
37.1 
37.9 
38.8 

39.6 
40.4 
41.3 
42.1 
42.9 

43.8 
44.6 
46.4 
46.3 
47.1 

48.0 
48.8 
49.6 
60.6 
£1.3 


i 


10 
11 
12 

13 
11 

15 
16 
17 
18 
19 


21 


23 
24 


25 
26 
27 


29 


30 
31 


34 

35 
36 
37 


40 
41 
42 
43 
44 

45 
46 
47 
48 
49 

60 
61 
62 
S3 

64 

55 
66 
57 
58 


60 
6I: 


(a 

6* 
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Table  for  calaulating  dextrose,  invert  sugar  alone,  invert  sugar  in  the  presence  of 
sucrose  (04  gram  and  2  grams  total  sugar),  lactose  {three  forms),  and  maltose 
{aniiydrous  and  crystallized) — Continued.  [For  correction  of  lactose  finjiires  see 
Cir.  82.]  [Expressed  In  milligrams.] 


1 

1 

Invert  sugar 
and  sucrose. 

Lactose. 

Maltose. 

i 

B 

•B. 

1 

1 

9. 

n 

6 

6 

a 

5 

^ 

1 

i 

s  . 

o 

a 

K 

■§ 

o 

g 

^ 

a 

ti 

n  R 

1 

+ 

+ 

1 

i 

+ 

i 

ta 

1 
1 

a 

s 

s 

^ 

«< 

a 

u 

u 

n 

tH 

d 

CI 

o 

a 

a 

o 

c5 

u 

65 

67.7 

27.8 

29.1 

26.6 

20.3 

39.8 

40.9 

41.9 

49.5 

52.1 

65 

66 

58.6 

28.3 

29.5 

27.1 

20.8 

40.5 

41.6 

42.6 

50.3 

63.0 

66 

67 

69.5 

28.7- 

30.0 

27.5 

21.2 

41.1 

42.2 

43.3 

51.1 

53.8 

67 

68 

60.4 

29.2 

30.4 

28.0 

21.7 

41.8 

42.9 

44.0 

51.9 

64.6 

68 

69 

61.3 

29.6 

30.9 

28.5 

22.2 

42.5 

43.6 

44.7 

52.7 

55.5 

69 

70 

62.2 

30.0 

31.3 

28.9 

22.6 

43.1 

44.3 

45.4 

53.5 

56.3 

70 

71 

63.1 

30.6 

31.8 

29.4 

23.1 

43.8 

44.9 

46.1 

54.3 

67.1 

71 

72 

64.0 

30.9 

32.3 

29.8 

23.5 

44.4 

45.6 

46.8 

55.1 

58.0 

72 

73 

64.8 

31.4 

32.7 

30.3 

24.0 

45.1 

46.3 

47.5 

55.9 

58.8 

73 

74 

65.7 

31.8 

33.2 

30.8 

24.6 

45.7 

47.0 

48.2 

66.7 

59.6 

74 

76 

66.6 

32.2 

33.6 

31.2 

24.9 

46.4 

47.6 

48.  ft 

49.  S 

57.5 

60.5 

75 

76 

67.5 

32.7 

34.1 

31.7 

25.4 

47.0 

48.3 

68.2. 

61.3 

76 

77 

68.4 

33.1 

34.5 

32.1 

25.9 

47.7 

49.0 

60.2 

69.0 

62.1 

77; 

78 

69.3 

33.6 

35.0 

32.6 

26.3 

48.4 

49.6 

60.9 

69.8 

63.0 

78 

79 

70.2 

34.0 

35.4 

33.1 

26.? 

49.0 

50.3 

61.6 

60.6 

63.8 

79 

80 

71.1 

34.4 

35.9 

33.5 

27.3 

49.7 

51.0 

52.3 

61.4 

64.6 

80 

81 

71.9 

34.9 

36.3 

34.0 

27.7 

50.3 

51.6 

53.0 

62.2 

65.5 

81 

82 

72.8 

35.3 

36.8 

34.5 

28.2 

51.0 

52.3 

53.7 

63.0 

66.3 

82 

83 

73.7 

35.8 

37.3 

34.9 

28.6 

51.6 

53.0 

64.4 

63.8 

67.1 

83 

84 

74.6 

36.2 

37.7 

35.4 

29.1 

52.3 

53.7 

55.0 

64.6 

68.0 

84 

85 

75.5 

36.7 

38.2 

35.8 

29.6 

52.9 

54.3 

55.7 

65.4 

68.8 

85 

86 

76.4 

37.1 

38.6 

36.3 

30.0 

53.6 

55.0 

56.4 

66.2 

69.7 

86 

87 

77.3 

37.5 

39.1 

36.8 

30.5 

54.3 

55.7 

67.1 

67.0 

70.5 

87 

88 

78.2 

38.0 

39.5 

37.2 

31.0 

54.9 

56.4 

67.8 

67.8 

71.3 

88 

89 

,79.1 

38.4 

40.0 

37.7 

31.4 

55.6 

57.0 

58.5 

68.^ 

72.2 

89 

90 

79.9 

38.9 

40.4 

38.2 

31.9 

56.2 

57.7' 

59.2 

69.3 

73.0 

90 

91 

80.8 

39.3 

40.9 

38.6 

32.4 

56.9 

58.4 

59.9 

70.1 

7a  8 

91 

92 

81.7 

39.8 

41.4 

39.1 

32.8 

57.5 

59.0 

60.6 

70.9 

74.7 

92 

93 

82.6 

40.2 

41.8 

39.6 

33.3 

58.2 

59.7 

61.3 

71.7 

75.5 

93 

«4 

83.5 

40.6 

42.3 

40.0 

33.8 

58.8 

60.4 

61.9 

72.5 

78.3 

94 

95 

84.4 

41.1 

42.7 

40.5 

34.2 

69.5 

61.1 

62.6 

73.3 

77.2 

95 

96 

85.3 

41.5 

43.2 

41.0 

34.7 

60.2 

61.7 

63.3 

74.1 

78.0 

96 

97 

86.2 

42.0 

43.7 

41.4 

35.2 

60.  S 

62.4 

64.0 

74.9 

78  8 

97 

98 

87.1 

42.4 

44.1 

41.9 

35.6 

61.5 

63.1 

64.7 

75.7 

79.7 

98 

99 

87.9 

42.9 

44.6 

42.4 

36.1 

62.1 

63.8 

65.4 

76.5 

80.5 

99 

100 

88.8 

ti 

45.0 

42.8 

36.6 

62.8 

64.4 

66.1 

77.3 

81.3 

100 

101 

89.7 

45.5 

43.3 

37.0 

63.4 

65.1 

66.8 

7a  1 

82.2 

101 

102 

90.6 

44.2 

46.0 

43.8 

37.5 

64.1 

65.8 

67.5 

78.8 

83.0 

102 

103 

91.5 

44.7 

46.4 

44.2 

38.0 

84.7 

66.4 

6ai 

79.6 

83.8 

103 

104 

92.4 

45.1 

46.9 

44.7 

38.5 

65.4 

67.1 

68.8 

80.4 

84.7 

104 

105 

93.3 

45.5 

47.3 

45.2 

38.9 

66.1 

67.8 

69.5 

81.2 

85.5 

105 

106 

94.2 

46.0 

47.8 

45.6 

39.4 

66.7 

68.5 

70.2 

82.  U 

86.3 

106 

107 

95.0 

46.4 

48.3 

46.1 

39.9 

67.4 

69.1 

70.9 

82.8 

87.2 

107 

108 

95.9 

46.9 

48.7 

46.6 

40.3 

68.0 

69.8 

71.6 

83.6 

88.0 

108 

109 

96.8 

47.3 

40.2 

47.0 

40.8 

68.7 

70.6 

72.3 

84.4 

88.8 

109 

110 

97.7 

47.8 

49.6 

47.5 

41.3 

69.3 

71.1 

73.0 

85.2 

89.7 

110 

111 

98.6 

48.2 

50.1 

48.0 

41.7 

70.0 

71.8 

73.6 

86.0 

90.5 

111 

112 

99.5 

48.7 

50.6 

48:4 

42.2 

70.6 

72.  S 

74.3 

86.8 

91.3 

113 

113 

100.4 

49.1 

51.0 

48.9 

42.7 

71.3 

73.1 

75.0 

87.6 

92.2 

113 

114 

101.3 

49.6 

SI.  5 

49.4 

43.2 

71.9 

73.8 

75.7 

88.4 

93.0 

114 

lis 

102.2 

60.0 

51. 9 

49.8 

43.6 

72.6 

74.5 

76.4 

89.2 

93,9 

US 

116 

103.0 

60.5 

62.4 

60.3 

44.1 

73.2 

75.2 

77,1 

90.0 

94.7 

U8 

117 

103.0 

60.9 

62.9 

50.8 

44.6 

73.9 

75.8 

77.8 

9a7 

95.5 

117 

118 

104.8 

61.4 

53.3 

51.2 

45.0 

74.6 
7&2 

76.6 

78.6 

91.5 
92.  S 

96.4 

118 

110 

Ifl&T 

£1.8 

68.8 

61.7 

46.S 

77L2 

79.1 

S7.2 

U» 
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Table  for  calculating  dextrose,  invert  sugar  alone,  insert  sugar  in  the  presence  of 
sucrose  (O.-J  gram  and  2  grams  total  sugar),  lactose  (three  forms),  and  maltose 
(anhydrous  and  crystallized) — Continued.  [For  correction  of  lactose  figures  see 
Cir.  82.]  [Expressed  In  milligrams.] 


^ 

^ 

Invert  sugar, 
and  sucrose. 

Lactose. 

Ualtoae.. 

1 

o 

1 

'3 

•3 

d 

i 

^ 

1 

i 

1  _ 

1^ 

t 

i 

o 

B 

1 

a 

60" 

W  g^ 

i 

+ 

+ 

.i 

+ 

n 

1 

1 

1 

1 

jj 

1 

1 

■1 

o 

^ 

O 

A 

d 

C4 

c3 

0 

0 

6 

0 

0 

120 

106.6 

52.3 

54.3 

52.2 

46.0 

75.8 

77.8 

79;  8 

93.1 

98.0 

120 

121 

107.5 

52.7 

54.7 

52.7 

46.5 

•76.5 

78.5 

80.5 

93.9 

98.9 

121 

122 

108.4 

53.2 

55.2 

53.1 

46.9 

77.1 

-79.2 

81.2 

94.7 

99.7 

122 

123 

109.3 

53.6 

55.7 

53.6 

47.4 

77.8 

79.9 

81.9 

95.5 

100.5 

123 

124 

110.1 

54.1 

56.1 

54.1 

47.9 

78.5 

80.5 

82.6 

96.  a 

101.4 

124 

125 

lU.O 

54.5 

56.6 

54.5 

48.3 

79.1 

81.2 

83.3 

97.1 

102.2 

125 

126 

111.9 

55.0 

57.0 

55.0 

48.8 

79.8 

81.9 

84.0 

97.9 

103.0 

126 

127 

112.8 

55.4 

57.5 

55.5 

49.3 

80.4 

82.5 

84.7 

98.7 

103.9 

J  27 

12S 

113.7 

55.9 

58.0 

55.9 

49.8 

81.1 

83.2 

85.4 

99.4 

104.7- 

128 

129 

114.6 

56.3 

58.4 

56.4 

50.2 

81.7 

83.9 

86.0 

100.2 

105.5 

129 

130 

lis:  5 

56.8 

58.9 

56.9 

50.7 

82.4 

84.6 

86.7 

101.0 

106.4 

130 

131 

116.4 

57.2 

59.4 

67.4 

51.2 

83.1 

85.2 

87.4 

101.8 

107.2 

131 

132 

117.3 

57.7 

59.8 

57.8 

51.7 

83.7 

85.9 

88.1 

102.6 

108.0 

132 

133 

118.1 

58.1 

60.3 

58.3 

52.1 

84.4 

86.6 

.88.8 

103.4 

108.9 

133 

131 

119.0 

58.6 

60.8 

58.8 

52.6 

85.0 

87.3 

89.5 

104.2 

109.7 

134 

13S 

119.9 

59.0 

61.2 

59.3 

53.1 

85.7 

87.9 

90.2 

105.0 

110.5 

135 

136 

120.8 

59.5 

61.7 

59.7 

53.6 

86.3 

88.6 

90.9 

105.8 

111.4 

136 

137 

121.7 

60.0 

62.2 

60.2 

54.0 

.87.0 

89.3 

91.6 

106.6 

112.2 

137 

138 

122.6 

60.4 

62.6 

60.7 

54.5 

87.7 

90.0 

92.3 

l(ff.4 

113.0 

138 

139 

123.5 

60.9 

63.1 

61.2 

55.0 

•   88.3 

90.6 

53.0 

108.2 

113.9 

139 

140 

124.4 

61.3 

63.6 

61.6 

55.5 

89.0 

91.3 

93.6 

109.0 

114.7 

140 

141 

125.2 

61.8 

64.0 

62.1 

55.9 

89.6 

92.0 

94.9 

109.8 

116.5 

141 

142 

126.1 

62.2 

64.5 

62.6 

56.4 

90.3 

92.6 

95.0 

110.5 

116.4 

142 

143 

127.0 

62.7 

65.0 

63.1 

56.9 

90.9 

93.3 

■95.7 

111.3 

117.2 

143 

144 

127.9 

63.1 

65.4 

63.5 

57.4 

91.6 

94.0 

96.4 

112.1 

118.0 

144 

145 

128.8 

63.6 

65.9 

64.0 

57.8 

92.2 

94.7 

97.1 

112.9 

118.9 

14i5 

146 

129.7 

64.0 

66.4 

64.5 

58.3 

92.9 

95.3 

97.8 

113.7 

119.7 

146 

147 

130.6 

64.5 

66.9 

65.0 

58.8 

93.5 

96.0 

98.4 

114,5 

120.5 

147 

14S 

131.5 

65.0 

67.3 

65.4 

59.3 

94.2 

96.7 

99:1 

115.3 

121.4 

148 

149 

132.4 

65.4 

67.8 

65.9 

59.7 

94.8 

97.3 

99.8 

116.1 

122.2 

149 

150 

133.2 

65.9 

68.3 

66.4 

60.2 

95.5 

98.0 

100.5 

116.9 

123.0 

ISO 

151 

134.1 

.  66.3 

68.7 

66.9 

60.7 

96.2 

98.7 

101.2 

117.7 

123.9 

151 

162 

135.0 

66.8 

69.2 

67.3 

61.2 

96.8 

99.3 

101.9 

118.5 

124.7 

152 

153 

135.9 

,67.2 

69.7 

67.8 

61.7 

97.6 

100.0 

102.6 

119.3 

125.5 

153 

154 

136.8 

67.7 

70.1 

68.3 

62.1 

98.1 

100.7 

103.3 

120.0 

126.4 

154 

155 

137.7 

68.2 

70.6 

68.8 

62.6 

98.8 

101.4 

104.0 

120.8 

127.2 

155 

156 
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Table  for  calculating  dextrose,  invert  suga/r  alone,  irwert  sugar  in  the  presence  of 
sucrose  {O.4  gram  and  2  grams  total  sugar),  lactose  {three  forms),  amd  maltose 
(anhydrous  and  crystalUsied) — Continued.  [For  correction  of  lactose  figures  see 
Cir.  82.]  [Expressed  in  milligrams.] 
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Table  for  calculating  dextrose,  in/vert  suga/r  alone,  invert  sugar  in  the  presence  of 
sucrose  {O.4  gram  and  2  grams  total  sugar),  lactose  {three  forms),  and  maltose 
{anhydrous  and  crystallized) — Continued.  [For  correction  of  lactose  figures  see 
Cir.  82.]  [Expressed  In  milligrams.] 
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192.1 

222.1 

233.8 

283 

284 

252.3 

129.3 

133.4 

132.2 

126.1 

183.2 

188.0 

192.8 

222.9 

234.6 

284 
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Table  for  calculating  dextrose,  invert  sugar  alone,  invert  sugar  in  the  presence  of 
sucrose  (U.4  gram  and  2  grams  total  sugar),  lactose  {three  forms),  cmd  maltose 
(anhydrous  and  crystallized) — Continued.  [For  correction  of  lactose  figures-  see 
Cir.  82.]  [Expiessed  in  milligrams.] 


f 

i 

Invert  sngar 
and  sucrose. 

Lactose. 

Maltose. 

f 

g. 

1 

1 

1 

.S" 

S 

i 

■rj 

o 

'^ 

ca 

♦*      , 

+*     , 

rin 

» 

a 

■f^ 

i 

1 

1 

bo 

ID  ji 

i 
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+ 
1 

i 
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o 

1 

f 

i 

^ 

u 

^ 

'a 

ta 

•a 
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o 

^ 

^ 

s 

d 

N 

<s 

^ 

o 

6 

"2 

C3 

285 

253.2 

129.8 

133.9 

132.7 

126.6 

183.8 

188.7 

193.5 

223.7 

235.5 

285 

286 

254.0 

130.3 

134.4 

133.2 

127.1 

184.5 

189.3 

194.2 

224.5 

236.3 

286 

287 

254.9 

130.8 

134.9 

133.7 

127.6 

185.1 

190.0 

194.9 

225  3 

237.1 

287 

288 

255.8 

131.3 

135.4 

134.3 

128.1 

185.8 

190.7 

195.5 

226.1 

238.0 

288 

28» 

256.7 

131.8 

135.9 

134.8 

128.6 

186.4 

191.3 

196.2 

226.9 

238.8 

289 

290 

257.6 

132.3 

136.4 

135.3 

129.2 

187.  l' 

192.0 

196.9 

227.6 

239.6 

290 

291 

258.5 

132.7 

136.9 

135.8 

129.7 

187.7 

192.7 

197.6 

228.4 

240.5 

291 

292 

259.4 

133.2 

137.4 

136.3 

130.2 

188.4 

193.3 

198.3 

229.2 

241.3 

292 

293 

260.3 

133.7 

137.9 

136.8 

130.7 

189.0 

194.0 

199.0 

230.0 

242.  I 

293 

294 

261.2 

.134.2 

138.4 

137.3 

131.2 

189.7 

194.7 

199.7 

230.8 

242.9 

294 

295 

262.0 

134.7 

138.9 

137.8 

131.7 

190.3 

195.4 

200.4 

231.6 

243.8 

295 

296 

262.9 

135.2 

139.4 

138.3 

132.2 

191.0 

196.0 

201.0 

232.4 

244.6 

296 

297 

263.8 

135.7 

140.0 

138.8 

132.7 

191.7 

196.7 

201.7 

233.2 

245.4 

297 

298 

264.7 

136.2 

140.5 

,139.4 

133.2 

192.3 

197.4 

202.4 

234.0 

246.3 

298 

299 

265.6 

136.7 

141.0 

139.9 

133.7 

193.0 

198.0 

203.1 

234.8 

247.1 

299 

.     300 

266.5 

137.2 

141.5 

140.4 

134.2 

193.6 

198.7 

203.8 

235.5 

247.9 

300 

301 

267.4 

137.7 

142.0 

140.9 

134.8 

194.3 

199.4 

204.5 

236.3 

248.8 

301 

'     302 

268.3 

138.2 

142.5 

141.4 

135.3 

194.9 

200.0 

205.2 

237.1 

249.6 

302 

303 

269.1 

138.7 

14a  0 

141.9 

135.8 

195.6 

200.7 

205.9 

237.9 

250.4 

303 

304 

270.0 

139.2 

143.5 

142.4 

136.3 

196.2 

201.4 

206.5 

238.7 

251.3 

304 

305 

270.9 

139.7 

144.0 

142.9 

136.  S 

196.9 

202.1 

207.2 

239.5 

252.1 

305 

306 

271.8 

140.2 

144.5 

143.4 

137.3 

197.5 

202.7 

207.9 

240.3 

252.9 

306 

307 

272.7 

140.7 

145.0 

144.0 

137.8 

198.2 

203.4 

208.6 

241.1 

253.8 

307 

308 

273.6 

141.2 

145.  S 

1415 

138.3 

198.8 

204.1 

209.3 

241.9 

254.6 

308 

309 

274.5 

141.7 

146.1 

145.0 

138.8 

199.5 

204.7 

210.0 

242.7 

255.4 

309 

310 

275.4 

142.2 

14&6 

145.5 

139.4 

200.1 

205.4 

210.7 

243.5 

256.3 

310 

311 

276.3 

142.7 

147.1 

146.0 

139.9 

200.8 

206.1 

211.4 

244.2 

257.1 

311 

312 

277.1 

143.2 

147.6 

146.5 

14a  4 

201.4 

206.7 

212.1 

245.0 

257.9 

312 

313 

278.0 

143.7 

148.1 

147.0 

140.9 

203.1 

207.4 

212.7 

245.8 

258.8 

313 

314 

278.9 

144.2 

148.6 

147.6 

141.4 

202.8 

208.1 

213.4 

246.6 

259.6 

314 

315 

279.8 

1447 

149il 

148.1 

141.9 

203.4 

20a8 

214.1 

247.4 

260.4 

315 

316 

280.7 

145.2 

149.6 

148.6 

142.4 

204.1 

209.4 

2U.a 

248.2 

261.2 

316 

317 

281.6 

146.7 

150.1 

149.1 

143.0 

204.7 

210.1 

215.5 

249.0 

262.1 

317 

318 

282.5 

146.2 

150.7 

149.6 

143.5 

205.4 

210.8 

216.2 

249.8 

262.9 

318 

319 

283.4 

146.7 

151.2 

150.1 

,144.0 

206.0 

211.5 

216.9 

250.6 

263.7 

319 

320 

284.2 

147.2 

151.7 

150.7 

144.5 

206.7 
267.3 

212.1 

217.6 

251.3 

264.6 

320 

321 

285.1 

147.7 

152.2- 

151.2 

145. 0 

212.8 

258. 3 

252.1 

2C5.4 

321 

322 

28a  0 

148.2 

152.7 

151.7 

145.5 

208.0 

213.5 

218.9 

252.9 

266.2 

322 

323 

286.9 

148.7 

153.2 

152.2 

146.0 

208.6 

214.1 

219.6 

253.7 

267,1 

323 

324 

287.8 

149.2 

153.7 

152.7 

146.6 

209.3 

214.8 

220.3 

254.5 

267.9 

324 

325 

288.7 

149.7 

154.3 

153.2 

147.1 

2iao 

215. 5 

221.0 

255.3 

268.7 

325 

326 

289.6 

150.2 

154.8 

153.8 

147.6 

210.6 

216.2 

221.7 

256.1 

269.6 

326 

327 

290.5 

150.7 

155.3 

154.  S 

148.1, 

211.3 

216.8 

222.4 

256.9 

27a  4 

327 

328 

291.4 

151.2 

155.8 

154.8 

148.6 

211.9 

217.5 

223.1 

257.7 

271.2 

328 

329 

292.2 

151.7 

156.3 

156.3 

149.1 

212.6' 

218.2 

223.8 

258.5 

272.1 

329 

330 

293.1 

.   1S2.2 

156.8 

155.8 

149.7 

213.2 

2ia8 

224.4 

259.3 

272.9 

m 

331 

294.0 

152.7 

157.3 

156.4 

150.2 

213.9 

219.5 

225. 1 

260.0 

273.7 

331 

332 

294.9 

153.2 

167.9 

156.9 

150.7 

214.5 

220.2 

225.8 

260.8 

274.6 

332 

333 

295.8 

153.7 

158.4 

157.4 

151.2 

215.2 

220.8 

226.5 

261.6 

275.4 

333 

334 

296.7 

154.2 

168.9 

157.9 

151.7 

215.8 

221.5 

227.2 

262.4 

276.2 

334 

335 

297.6 

154.7 

169.4 

158.4 

152.3 

216.  S 

222.2 

227.9 

263.2 

277.0 

335 

336 

298.6 

155.2 

159.9 

159.0 

152.8 

217.1 

222.9 

22&6 

264.0 

277.9 

336 

337 

299.3 

155.8 

160.6 

159.6 

163.3 

217.8 

223.S 

229.2 

264.8 

278.7 

337 

338 

300.2 

166.3 

161.0 

160.0 

153.8 

218.4 

224.2 

229.9 

265.6 

279.5 

338 

339 

301.1 

156.8 

161.5 

160.5 

154.3 

219.1 

224.9 

23a6 

266.4 

28a4 

339 
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Table  for  caloulating  demtrose,  invert  sugar  alone,  invert  sugar  in  the  presence  of 
sucrose  (O.4  gram  and  2  grams  total  sugar),  lactose  (three  forms),  amd  maltose 
{anhydrous  and  crystallized) —Continued.  [For  correction  of  lactose  figures  sec 
Cir.  82.]  [ExpresRorl  In  milHf.'rni''=  i 
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Invert  sugar 
and  sucrose. 

Lactose. 

Maltose. 
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1 

s 
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■d 
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1 

i^ 

u 

s  . 

2 

n 

tt 

^ 

0 

1 

ii 

a 

+ 

s 

+ 

a 

+ 

3 
0 

0 

i 

a 

1 

1 
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1" 

1 

5 

1 

if 
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« 

n 

M 

<a 

PI 

0. 

0 

0 

u 

t> 

■^ 

340 

302.0 

157.3 

162.0 

161.0 

1548 

• 
219.8 

225.6 

231.3 

267.1 

281.2 

340 

341 

302.9 

157.8 

162.5 

161.6 

155.4 

220.4 

226.2 

232.0 

267.9 

282.0 

341 

342 

303.8 

15S.3 

163.1 

162.1 

155.9 

221.1 

226.9 

232.7 

268.7 

282.9 

342 

343 

304.7 

158.8 

163.6 

162.6 

156.4 

221.7 

227.6 

233.4 

269.5 

283.7 

343 

344 

305.6 

159.3 

164.1, 

163.1 

166.9 

222.4 

228.2 

234.1 

270.3 

284.5 

344 

345 

306.5 

159.8 

164.6 

163.7 

157.5 

223.0 

228.9 

234.7 

271.1 

285.4 

345 

346 

307.3 

160.3 

165.1 

164.2 

158.0 

223.7 

229.6 

235.4 

271.9 

286.2 

346 

347 

308.2 

160.8 

165.7 

164.7 

158.6 

224.3 

230.2 

236.1 

272.7 

287.0 

347 

348 

309.1 

161.4 

166.2 

165. 2 

159.  R 

225.0 

230.9 

236.8 

273.5 

287.9 

348 

349 

310.0 

161.9 

166.7 

J65.7 

159.5 

225.6 

231.6 

237.6 

2743 

28S.7 

349 

3S0 

310.9 

162.4 

167.2 

166.3 

160.] 

226.3 

232.2 

238.2 

276.0 

289.5 

350 

351 

311.  S 

162.9 

167.7 

166.8 

160.6 

226.9 

232.9 

238.9 

275.8 

290.4 

351 

352 

312.7 

163.4 

168.3 

107;  3 

161.1 

227.6 

233.6 

239.6 

276.6 

291.2 

352 

3£3 

313.6 

163.9 

168.8 

167.8 

161.6 

228.2 

234.2 

240.2 

277.4 

292.0 

363 

3S4 

314.4 

164.4 

169.3 

168.4 

162.2 

228.9 

234.9 

240.9 

278.2 

292.8 

354 

355 

315.3 

164.9 

I69.8 

168.9 

162.7 

229.6 

235.6 

241.6 

279.0 

293.7 

355 

356 

316.2 

165.4 

170.4 

169.4 

163.2 

230.2 

236.3 

242.3 

279.8 

294  5 

356 

357 

317.1 

166.0 

170.9 

170.0 

163.7 

230.8 

236,9 

243.0 

280.6 

295.3 

357 

358 

318.0 

166.6 

171.4 

170.6 

164.3 

231.5 

237.6 

243.7 

281.4 

296.2 

358 

369 

318.9 

167.0 

171.9 

171.0 

164.8 

232.1 

238.3 

244.4 

282.2 

297.0 

359 

360 

319.8 

167.6 

172.5 

171.5 

166.3 

232.8 

238.9 

245.1 

282.9 

297.8 

360 

361 

320.7 

168.0 

173.0 
173.5 

172.1 

165.8 

233.5 

239.6 

245.8 

298.7 

361 

362 

321.6 

168.6 

172.6 

166.4 

234.1 

240.3 

246.4 

284  5 

299.5 

362 

363 

322.4 

169.0 

174.0 

m,i 

166.9 

234.8 

241.0 

247.1 

285.3 

300.3 

363 

364 

323.3 

169.6 

174.6 

173.7 

167.4 

235.4 

441.6 

247.8 

286.1 

301.2 

364 

365 

324.2 

170.1 

176.1 

17i2 

167.9 

236.1 

242.3 

248.5 

286.9 

302.0 

365 

366 

325.1 

170.6 

175.6 

17i7 

168.5 

236.7 

243.0 

249.2 

287.7 

302.8 

366 

367 

326.0 

171.1 

176.1 

175.2 

169.0 

237.4 

243.6 

249.9 

288.5 

303.6 

367 

368 

326.9 

171.6 

176.7 

175.8 

169.5 

238.1 

244.3 

250.6 

289.3 

304  5 

368   ' 

369 

327.8 

172.1 

177.2 

176.3 

170.0 

238.7 

245.0 

251.3 

290.0 

305,3 

369 

370 

328.7 

172.7 

177.7 

176.8 

170.6 

239.4 

245.7 

252.0 

290.8 

306.1 

370 

371 

329.5 

173.2 

178.3 

177.4 

171.1 

240.0 

246.3 

252.7 

291.6 

307.0 

371 

372 

330.4 

173,7 

178.8 

177.9 

171.6 

240.7 

247.0 

253.3 

292.4 

307.8 

372 

373 

331.3 

174.2 

179.3 

178.4 

172.2 

241.3 

247.7 

254.0 

293.2 

308.6 

373   ; 

374 

332.2 

174.7 

179.8 

179,  Q 

172.7 

242.0 

248.4 

254.7 

2910 

309.6 

374  1 

375 

333.1 

175,3 

180.4 

179.5 

173.2 

242.6 

249.0 

255.4 

2948 

310.3 

375  I 

376 

.'!34.0 

175.8 

180.9 

180.0 

173.7 

243.3 

249.7 

256.1 

295.6 

311.1 

376  ' 

377 

334.9 

176.3 

181.4 

180.6 

174.3 

243.9 

250.4 

266.8 

296.4 

312.0 

377 

378 

335.8 

176.8 

182.0 

181.1 

174.8 

244.6 

251.0 

257.5 

297.2 

312.8 

378 

379 

336.7 

177.3 

182.5 

181.6 

175.3 

245.2 

251.7 

268.2 

297.9 

313.6 

379, 

380 

337.5 

177.9 

183.0 

182.1 

175.9 

245.9 

252.4 

258.8 

298.7 

3146 

380 

381 

338.4 

178.4 

183.6 

182.7 

176.4 

246.6 

253.0 

2.59.5 

299.5 

315.3 

381 

382 

339.3 

178.9 

184.1 

183.2 

176.9 

347.2 

253.7 

260.2 

300.3 

,316.1 

382 

383 

340.2 

179.4 

184.6 

183.8 

177.5 

247.9 

254.4 

260.9 

301.1 

316.9 

383  '■ 

384 

341.1 

180.0 

185.2 

184.3 

178.0 

248.5 

255.1 

261.6 

301.9 

317.8 

384 

385 

342.0 

180.5 

185.7 

184.8 

178.6 

249.2 

255.7 

262.3 

302.7 

318.6 

385 

386 

342,9 

181.0 

186.2 

186.4 

179.1 

249.8 

256.4 

263.0 

303.5 

319.4 

386 

387 

343.8 

181.5 

186;  8 

185.9 

179.6 

250.6 

257.1 

263.6 

304  2 

320.3 

387 

388 

344.6 

182,0 

187.3 

186.4 

180.1 

251.1 

257.7 

2643 

306.0 

321.1 

388 

389 

345.5 

182,6 

187.8 

187.0 

180.6 

J51.8 

258.4 

265.0 

305.8 

321.9 

389 

390 

346.4 

183,1 

188.4 

187.6 

181.2 

252.4 

259.1 

265.7 

306.6 

322.8 

390 

391 

347.3 

183,6 

183.9 

188.0 

181,7 

253.1 

259.7 

266.4 

307.4 

323.6 

.391 

392 

348.2 

184,1 

189.4 

188.6 

182.3 

253.7 

260,4 

267.1. 

308.2. 

324  4 

392 

393 

349.1 

184,7 

190.0 

189.1 

182.8 

254.4 

261.1 

267.8 

309.  Q 

325.2 

393 

..  394 

350.0 

185.2 

190.6 

189.7 

183.3 

255.0 

261.8 

268.6 

808.8 

32S.1 

394 

no2 
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Tahle  for  calculating  dextrose,  invert  sugar  alone,  invert  sugar  in  the  presence  o; 
nucrose  (0.^  gram  and  2  grams  total  sugar),  lactose  (three  forms),  and  maltose 
[iinhydrous  and  crysiallieed) — Continued.  [For  correction  of  lactose  figures  see 
(ir.  S2.]  [Expressed  in  milligrams.] 
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Invert  sugar 
and  sucrose. 

Lactose. 

Maltose. 
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1 

1 

1 

1 
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s^. 
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1 
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r 

1 
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1 

t| 

1 
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M 
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w. 
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^ 
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395 

3so.g 

185.7 

191.0 

190.2 

183.9 

256.7 

262.4 

269.1 

3ia6 

326.9 

395 

386 

351.8 

186.2 

191.6 

190.7 

1814 

266.3 

263.1 

268.8 

311.4 

327.7 

396 

397 

352.6 

186.8 

192.1 

191.3 

1819 

257.0 

263.8 

27a  5 

312.1 

328.6 

397 

3SS 

353.6 

187.3 

192,7 

191.8 

185.5 

257.7 

2614 

271.2 

312.9 

329.4 

398 

S9» 

3514 

187.8 

193.2 

192.3 

18a  0 

25a3 

265.1 

271.9 

313.7 

330.2 

399 

40P 

365.3 

18a4 

193.7 

192.9 

18a  6 

259.0 

265.8 

272.6 

3115 

331.1 

400 

«ll 

356.2 

18&9 

194.3 

193.4 

187.1 

269.6 

28a4 

273.3 

315.3 

331.9 

401 

«a 

367.1 

189.4 

194.8 

1910 

187.6 

260.3 

'267.1 

2710 

3iai 

332.7 

402 

403 

36&0 

189.9 

195.4 

1916 

188.1 

260.9 

267.8 

2716 

3ia9 

333.6 

403 

404 

36&9 

19a  6 

195.9 

195.0 

188.7 

261.6 

26a6 

275.3 

317.7 

3314 

404 

405 

369.7 

191.0 

196.4 

195.6 

189.2 

262.2 

260.1 

27a  0 

3ia5 

335.2 

405 

40« 

36a  6 

191.5 

197.0 

196.1 

189.8 

262.9 

269.8 

276.7 

319.2 

33a  0 

406 

407 

361.5 

192.1 

197.5 

196.7 

190.3 

263.5 

27a  5 

277.4 

320.0 

33a  9 

«7 

408 

362.4 

192.6 

198.1 

197.2 

190.8 

2612 

271.1 

27a  1 

320.8 

337.7 

408 

40B 

363.3 

193.1 

198.6 

197.7 

19L4 

2618 

271.8 

27a  8 

321.6 

33&6 

409 

410 

364.2 

193.7 

199.1 

198.3 

191.9- 

266.5 
266.1 

272.6 

279.5 

322.4 

339.4 

410 

411 

365.1 

1942 

199.7 

19a  8 

192.5 

273.1 

280.1 

323.2 

340.2 

411 

412 

366.0 

194.7 

200.2 

199.4 

193.0 

26a3 

273.8 

280.8 

3210 

341.0 

412 

413 

36&9 

195.2 

200.8 

199.9 

\rx 

267.4 

2716 

281.5 

3218 

341.9 

413 

414 

367.7 

195.8 

201.3 

200.5 

268.1 

275.2 

282.2 

325.6 

342.7 

414 

416 

368.6 

.196.3 

201.8 

201.0 

1916' 

268.7 

275.8 

282.9 

326.3 

343.5 

415 

416 

3o9<5 

196.8 

202.4 

201.6 

J9S.2 

269.4 

27a  5 

283.6 

327.1 

3414 

416 

417 

370.4 

197.4 

202.9 

202.1 

195.7 

27a  1 

277.2 

2813 

327.9 

345.2 

417 

418 

371.3 

197.-9 

203.5 

202.6 

196.2 

27a  7 

277.8 

285.0 

32a  7 

346.0 

418 

419 

372.2 

198.4 

204.0 

203.2 

isas. 

271.4 

27a  6 

286.6 

329.5 

346.8 

419 

420 

373.1 

199.0 

2016 

203.7 

197.3 

272.0 

279.2 

286.3 

330.3 

347.7 

420 

421 

374.0 

199.6 

205.1 

204.3 

197,9 

272.7 

279.8 

287.0 

331.1 

34a  5 

421 

422 

374.8 

200.1 

205.7 

2018 

198.4 

273.3 

280.6 

287.7 

331.9 

349.3 

422 

423 

376.7 

200.6 

206.2 

205.4 

198.9 

2710 

281.2 

28a4 

332.7 

350.2 

423 

424 

376.6 

201.1 

206.7 

206.9 

199.6 

2716 

281.9 

289.1 

333.4 

351.0 

424 

425 

377.5 

201.7 

207.3 

206.5 

200.0 

275.3 

282.6 

289.8 

3312 

351.8 

425 

426 

378.4 

202.2 

207.8 

207.0 

200;  6 

275.9 

283.2 

29a5 

335.0 

352.7 

426 

427 

379.3 

202.8 

208.4 

207.6 

201.1 

27&6 

283.9 

291.1 

335.8 

353.5 

427 

42S 

380.2 

203.3 

208.9 

208.1 

201.7 

277.2 

2815 

291.8 

3Sa6 

3513 

428 

429 

381.1 

203.8 

209.6 

208.7 

202.2 

277.9 

285.2 

292.6 

337.4 

355.1 

ffi9 

430 

382.0 

204.4 

2iao 

209.2 

202.7 

27a  6 

285,9 

293.2 

33a2 

35a  0 

430 

431 

382.8 

204.9 

210^6 

209.8 

203.3 

279.2 

28a5 

293.9 

339.0 

35a8 

431 

432 

383.7 

205.5 

211.1 

2ia3 

203.  S 

279. » 

287.2 

2916 

339.7 

357.  S 

432 

433 

384.6 

206.0 

211.7 

2ia9 

2014 

280.6 

287.9 

295.3 

340.5 

36a5 

433 

434 

385.6 

206.5 

212.2 

211.4 

2019 

281.2 

28a6 

295.9 

341,3 

359.3 

434 

435 

38«.4 

207.1 

212.8 

212.0 

205.6 

281.8 

289.2 

296.6 

342.1 

3601 

436 

436 

387.3 

207.6 

213.3 

212.5 

2oao 

282.5 

289.9 

297.3 

342.9 

361.  Q 

436 

437 

388.2 

208.2 

213.9 

213. 1 

206.6 

283.1 

290.6 

298.0 

343.7 

3ul.S 

437 

438 

389.1 

208.7 

2114 

213.6 

207.1 

283.8 

291.2 

29a7 

3415 

362.6 

438 

439 

390.0 

209.2 

215.0 

2112 

207.7 

2814 

291.9 

299.4 

345.3 

363.4 

439 

440 

390.8 

209.8 

215.5 

2117 

208.2 

285.1 

292.6 

300.1 

34a  1 

3613 

440 

441 

391.7 

2ia3 

216.1 

215.3 

208.8 

285.7 

293.2 

300.8 

34a  8 

365.1 

441 

442 

392.6 

2ia9 

216.6 

215.8 

209.3 

28a  4 

293.9 

301.4 

347.6 

365.9 

Jg 

443 

393.5 

211.4 

217.2 

216.4 

209.9 

287.0 

2916 

302.1 

34a  4 

36a  8 

441 

394.4 

212.0 

217.8 

216.9 

2ia4 

287.7 

295,3 

302.8 

349.2 

367.6 

444 

445 

395.3 

212.6 

218.3 

217.6 

211.0 

28a3 

295,9 

303,5 

350,0 

36a  4 

445 

446 

396. 2 

213.1 

218.9 

218.0 

211.6 

289.0 

29a6 

3012 

35a8 

369.3 

446 

447 

397.1 

213.6 

219.4 

218.6 

212.1 

289.6 

297.3 

3018 

351,6 

37a  1 

447 

448 

397.9 

2111 

220.0 

219.1 

212.6 

29a3 

297,9 

305,6 

352,4 

S7ae 

448 

440 

398.8 

214.7 

220.6 

219.7 

213.2 

290.9 

2eKe 

30&a 

353,3 

371.7 

448 
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Table  for  oaloulating  dextrose,  invert  sugar  alone,  in/vert  sugar  in  the  presence  of 
sucrose  ( 0.4  gram  and  2  grams  total  sugar ) ,  lactose  ( three  forms ) ,  and  mMtose 
{anhydrous  and  orystaUieed) — Continued.  [For  correction  of  lactose  figures  see 
Cir;  82.]  [Expressed  In  milligrams.] 


s. 

Invert  sugar 
and  suerose. 

Lsctoge. 

Maltose. 

*** 

i. 

3 

■s 

d 

d 

■a 
g 

1 

1 

i 

s . 

s^ 

W 

n 

1 

1 

h 

B  S, 

s 

+ 

± 

i 

+ 

1 
1 

1 

« 

ll 

°, 

<| 

"I 

% 

"5 

1 

1 

a 

s 

3 

C4 

<3 

o 

S 

t5 

i 

450 

399.7 

215.2 

221.1 

220.2 

213.7 

291.6 

299.3 

306.9 

.   353.9 

372.6 

460 

451 

400.6 

215.8 

221.6 

220.8 

214.3 

292.3 

299.9 

307.6 

354.7 

373.4 

451 

492, 

401.5 

216.3 

222.2 

221.4 

214,8 

292.9 

300.6 

308.3 

355.5 

374.2 

452 

453 

402.4 

216.9 

222.8 

221.9 

215.4 

293.6 

301.3 

309.0 

356.3 

375.1 

453 

454 

403.3 

217.4 

223.3 

222.5 

215.9 

294.2 

302.0 

309.7 

357.1 

375.9 

454 

455 

404.2 

218.0 

223.9 

223.0 

216.5 

294.9 

302.6 

310.4 

357.9 

376.7 

466 

456 

405.1 

218.5 

224.4 

223,6 

217.0 

295.5 

303.3 

311.1 

358.7 

377.6 

456 

457 

405.9 

219.1 

225.0 

224.1 

217.6 

296.2 

304.0 

311.8 

359.5 

378.4 

457 

458 

406.8 

219.6 

225.5 

224.7 

218.1 

296.8 

304.6 

312.4 

360.3 

379.2 

458 

459 

407.7 

220.2 

226.1 

225,3 

218.7 

297.5 

305.3 

313.1 

361.0 

380.0 

459 

460 

408.6 

220.7 

226.7 

225.8 

219.2 

298.1 

306.0 

313.8 

361.8 

380.9 

460 

!I61 

409.5 

221.3 

227.2 

226.4 

219.8 

298.8 

306.6 

314.5 

362.6 

381.7 

461 

^ 

410.4 

221.8 

227.8 

226.9 

220.3 

299.4 

307.3 

315,2 

363.4 

382.5 

462 

411.8 

222.4 

228.3 

227.5 

220.9 

300.1 

308.0 

31S,9 

364.2 

383.4 

463 

464 

412.2 

222.9 

22&9 

228.1 

221.4 

300.7 

308.7 

316.6 

365.0 

384.2 

464 

m 

413.0 

223.6 

229.5 

228.6 

222.0 

301.4 

309.3 

317.3 

365.8 

385.0 

466 

466 

413.9 

224.0 

230.0 

229.2 

222.5 

302.0 

310.0 

317.9 

366.6 

385.9 

466 

467 

414,8 

224.6 

230.6 

229.7 

223,1 

302.7 

310.7 

318.6 

367.3 

386.7 

467 

468 

415.7 

225.1 

231.2 

230.3 

223.7 

303.3 

311.3 

319.3 

368.1 

387.5 

468 

469 

416.6 

225.7 

23L7 

230.9 

224.2 

304.0 

312.0 

320.0 

368.9. 

388.3 

469 

470 

417.5 

226.2 

232.3 

231.4 

224.8 

304.7 

312.7 

320.7 

369.7 

389.2 

470 

471 

418.4 

226.8 

232.8 

232.0 

225.3 

305.3 

313.3 

321.,4 

370.5 

390.0 

471 

47Z 

419.3 

227.4 

233.4 

232.5 

225.9 

306.0 

314.0 

322.1 

371.3 

390.8 

472 

473 

420.2 

227.9 

234.0 

^33.1 

226.4 

306.6 

314.7 

322.8 

372.1 

391.7 

473 

474 

421.0 

228.5 

234.5 

233.7 

227.0 

307.3 

315.4 

323.4 

372.9 

392.6 

474 

475 

421.9 

229.0 

235.1 

234.2 

227.6 

307.9 

316.0 

324.1 

373.7 

393.3 

476 

476 

422.8 

229.6. 

235.7 

234.8 

228.1 

308.6 

316.7 

324.8 

374.4 

394.2 

476 

477 

423.7 

230.1 

236.2 

235,4 

228.7 

309.2 

317.4 

325.5 

375.2 

395.0 

477 

478 

424.6 

230.7 

236.8 

235,9 

229.2 

309.9 

31&0 

326.2 

376.0 

395.8 

478 

479 

425.5 

231.3 

237.4 

236,5 

229.8 

310.5 

318.7 

326.9 

376,8 

396.6 

479 

480 

428,4 

'231.8 

23719 

237.1 

230.3 

311.2 

319.4 

327.6 

377.6 

397,6 

480 

481 

427.3 

232.4 

238.5 

237,6 

230.9 

311.8 

320.0 

328.2 

37a  4 

398.3 

481 

4^ 

428.1 

232.9 

239.1 

238.2 

231.5 

312.5 

320.7 

328.9 

379.2 

399.1 

482 

483 

429.0 

233.5 

239.6 

238.8 

232.0 

313.1 

321.4 

329.6 

380.0 

400.0 

483 

«84 

429.9 

234.1 

'  240.2 

239.3 

232.6 

313.8 

322.1. 

330.3 

380.7 

400.8 

484 

485 

430.8 

234.6 

240.8 

239.9 

233.2 

314.4 

322.7 

331.0 

381.5 

401.6 

485 

486 

431.7 

235.2 

241.4 

240.5 

233.7 

S15.1 

323.4 

331.7 

382.3 

402.4 

486 

487 

432.6 

235.7 

241.9 

241.0 

234.3 

315.8 

324.1 

332.4 

383.1 

403.3 

487 

488 

433.5 

236.3 

242.5 

241.6 

234.8 

316.4 

-324.7 

383.9 

404.1 

488 

489 

434.4 

236.9 

243.1 

242,2 

235.4 

317;  1 

325.4 

* 

384.7 

404.9 

489 

490 

435.3 

237.4 

243.6 

242.7 

236.0 

317.7 

326.1 

334.4 

385.5 

405,8 

490 

CHAPTER  XXIV. 

LIPINS.    NEUTRAL  PATS  AND  OILS.    PHOSPHOLIPINS. 

STEROLS. 

Neutral  fats  mixed  with  other  lipins  may  be  obtained  from  plant 
and  animal  tissues  both  by  physical  and  chemical  means.  The  physical 
means  are  by  warming  and  pressing.  In  this  way  oils  and  fats  are  ob- 
tained from  nuts,  seeds  and  from  animal  tissues  containing  a  large 
amount  of  neutral  fat,  as  in  fatty  tissue.  The  chemical  means  are  by 
extraction  with  lipin  solvents  such  as  ether,  carbon  tetrachloride,  alcohol, 
gasoline,  benzene,  etc.  Whichever  method  is  used,  the  resulting  fatty 
matter  is  a  mixture  and  generally  contains,  in  addition  to  neutral  fats 
and  fatty  acids,  phospholipins,  sterols  and  lipases.  The  neutral  fats 
are  separated  from  the  phospholipins  most  readily  by  precipitation  of 
the  ether  solution  by  acetone.  Soaps  and  phospholipins  are  insoluble 
in  acetone;  fats  and  sterols  are  soluble  in  acetone.  The  separation  of 
cholesterol  from  neutral  fat  cannot  be  made  without  saponification  of 
the  latter  and  the  isolation  of  cholesterol  from  the  soap  by  ether. 

Exercise  XL    The  physical  propekties  of  oils  and  fats  and  the 

ACIDITY  OF  ORDINARY  FATTY  OILS. 

Experiment  39.  Solubility. — To  one  drop  of  olive  oil  in  a  test-tube 
add  about  5  e.c.  of  the  solvent.  Allow  to  act  in  the  cold.  If  solution  is 
not  evident  from  the  usual  physical  changes,  filter  off  the  clear  solvent 
and  place  a  few  drOps  on  a  piece  of  paper.  In  case  some  of  the  fat  has 
dissolved,  a  translucent  spot  (grease  spot)  is  left  on  evaporation  of  the 
solvent.  Test  in  this  way  the  solubility  in  hot  and  cold  95  per  cent, 
and  70  per  cent,  ethyl  alcohol;  and  in  cold  ether,  chloroform,  gasoline 
or  naphtha,  carbon  tetrachloride,  ethyl-acetate,  water  and  acetone. 

Test  the  solubility  of  castor  oil  in  cold  alcohol.  How  does  castor  oil 
differ  in  its  composition  from  olive  oil?  "What  effect  would  this  differ- 
ence probably  have  on  its  solubility  in  alcohol,  and  why? 

Experiment  40. — Crystallization  of  neutral  fats. — Dissolve  a  little 
beef  tallow,  or  tristearine  if  it  can  be  obtained,  in  about  5  e.c.  warm 
benzene,  and  allow  to  cool  slowly.  Examine  under  the  microscope.  Note 
the  long  feathery  and  needle-shaped  crystals. 

Experiment  41.  Surface  tension  of  neutral  oils. — Count  the  num- 
ber of  drops  which  will  be  formed  from  1  e.c.  of  pure  distilled  water 
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when  issuing  from  a  perfectly  clean  1  c.e.  pipette.  Now  dry  the  same 
pipette  by  alcohol  and  ether,  fill  it  accurately  to  the  mark  with  olive 
oil  at  room  temperature  and  count  the  number  of  drops  of  olive  oil 
delivered  from  the  same  pipette.  For  the  relation  between  the  number 
of  drops  and  surface  tension,  see  page  207.  As  performed  in  this  way 
this  method  is  onlj^  approximately  accurate.  The  lower  the  surface 
tension  of  the  liquid  the  larger  the  number  of  drops.  Olive  oil  has  a 
lower  surface  tension  than  water. 

Experiment  42.  The  surface  tension  of  water  is  lowered  by  a 
small  amount  of  oil  or  soap. — After  the  pipette  used  in  experiment  34 
has  drained  off  its  oil  a  very  thin  layer  of  oil  still  remains  in  it.  Without 
cleaning  it  now  fill  it  again  to  the  mark  with  clean  water  and  again 
count  the  number  of  drops  issuing  from  the  pipette.  The  number 
should  be  greater  than  before,  for  when  the  surface  tension  of  the  water 
is  reduced,  the  film  of  water  on  the  surface  which  supports  the  drop  is 
no  longer  able  to  sustain  as  great  a  weight  as  before,  and  the  drop  falls 
when  its  weight  is  less  and  it  is  smaller.  Repeat  with  slightly  soapy 
water.    Soap  lowers  the  surface  tension  even  more  than  oil. 

Experiment  43.  The  surface  tension  of  water  is  lowered  by  a  very 
small  amount  of  soap  or  oil  so  that  movements  due  to  surface  tension 
may  be  checked. — Place  in  a  perfectly  clean  beaker,  that  is  a  beaker 
which  has  been  cleaned  with  soap  and  water,  then  by  alcohol  and  ether, 
and  then  by  cleaning  fluid  and  finally  thoroughly  washed  with  distilled 
water,  clean  distilled  water  until  half  full.  Sprinkle  a  few  small  pieces 
of  camphor  on  the  surface.  If  the  water  is  perfectly  clean  the  camphor 
will  dart  here  and  there  on  the  surface.  While  it  is  moving,  rub  a 
glass  rod  on  the  side  of  the  nostril  and  then  touch  it  to  the  surface  of 
the  water.  The  fat  of  the  skin  is  sufiicient,  usually,  to  add  in  this  way 
enough  oil  to  the  surface  of  the  water  to  make  the  camphor  at  once  come 
to  rest.  If  the  camphor  has  already  come  to  rest  it  will  be  observed 
usually  that  when  the  rod  touches  the  surface  of  the  water  the  camphor 
fragments  move  away  froini  the  rod  in  all  directions.  This  is  owing  to 
the  stretching  of  the  surface  due  to  the  lowering  of  its  tension  at  the 
point  where  the  oil  touches  it.  To  get  a  clean  surface  of  water  in  a 
laboratory  is  very  difficult. 

Experiment  44.  Free  acids  in  oils.— Most  commercial  oils  and  fats 
undergo  in  the  light  and  moisture  a  partial  decomposition  (rancidity) 
so  that  they  have  an  acid  reaction.  Moreover,  lipases  are  present  in 
many  oils  which  in  the  presence  of  moisture  decompose  the  oil,  setting 
free  some  fatty  acid.  To  get  a  neutral  oil  precautions  must  be  taken 
to  separate  the  free  acid  thus  formed.    The  acid  is  determined  as  follows : 

To  about  25  c.c.  95  per  cent,  alcohol  in  a  100-150  c.e.  flask  add  about 
%  c.c.  phenolphthalein  solution.    Heat  to  boiling  on  a  steam  bath  and 
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gradually  add  from  a  burette  N/10  NaOH  until  a  faint  pink  coloration 
remains.  Now  add  5  c.c.  olive  oil  by  means  of  a  pipette.  Again  heat 
to  boiling,  stopper  the  flask  and  shake  gently;  the  alkaline  alcohol  be- 
comes colorless.  Continue  the  addition  of  N/10  NaOH  and  shaking, 
until  after  a  vigorous  shaking  the  pink  color  in  the  alcohol  layer  just 
remains.  Record  the  c.c.  of  NaOH  required.  Allow  the  two  layers  to 
separate  in  a  large  test-tube.  Draw  off,  by  means  of  a  pipette,  the  oil 
layer  for  use  as  neutral  olive  oil  in  a  subsequent  experiment,  and  dis- 
card the  alcoholic  layer.  Calculate  the  per  cent,  of  acid  in  the  fat, 
assuming  the  acid  measured  to  be  oleic  acid  and  the  specific  gravity  of 
the  oil  to  be  0.90  at  room  temperature.  All  fats,  even  when  freshly 
prepared,  contain  titratable  amounts  of  acid.  The  amount  of  titratable 
acid  increases  slightly  with  development  of  rancidity.  It  is  very  doubt- 
ful, however,  whether  the  acidities  in  the  fresh  and  rancid  fats  are  due 
to  the  same  acids. 


Exercise  XII.    The  saponification  op  pat. 

To  show  the  composition  of  the  fat  the  glycerol  and  fatty  acid  are 
separated  by  saponification  with  alkali  and  both  are  isolated.  Saponifica- 
tion in  animals  and  plants  is  not  produced  by  alkali  but  by  substances 
of  an  unknown  nature  called  lipases.  The  action  of  the  steapsin,  a 
typical  lipase,  is  shown  in  experiment  138. 

Experiment  45.  Saponification  of  fat. — ^Weigh  off  10  grams  mutton 
tallow,  render  it  by  heating  gently  and  pouring  off  the  melted  fat  and 
transfer  to  a  500  c.c.  flask,  add  8  e.c.  of  40  per  cent.  NaOH  solution  and 
50  c.c.  alcohol.  Fit  with  a  reflux  air  condenser  (a  glass  tube  about  8  mm. 
diameter  and  about  2  feet  long),  boil  gently  for  an  hour  on  the  water 
bath  and  then  evaporate  to  about  50  c.c.  in  a  porcelain  dish.  Add 
100  c.c.  hot  water  and  again  evaporate  to  about  50  c.c.  to  get  rid  of 
alcohol.  Next  dissolve  completely  in  about  500  c.c.  water.  The  saponifi- 
cation has  now  taken  place.  To  separate  the  soap  and  glycerol  formed 
proceed  with  the  following  experiment. 

Experiment  46.  Separation  of  the  soap  by  salting  out. — Take  5  c.c. 
of  the  above  solution,  add  50  c.c.  of  water  and  saturate  with  NaCl. 
Filter  off  the  precipitated  soap.  Dissolve  in  about  100  c.c.  of  water 
and  test  a  part  of  the  solution  with  a  few  drops  of  CaClj,  MgSO^  and 
Pb  acetate.  The  calcium,  magnesium  and  lead  soaps,  being  insoluble, 
are  precipitated.  Substances  which  lower  the  surface  tension  of  water, , 
such  as  soaps,  lipins,  ether,  gases,  etc.,  may  be  salted  out  by  the  addition 
of  some  neutral  salt,  since  the  latter  increases  the  surface  tension  and 
drives  the  former  into  the  surface  film. 

Experiment  47.    Separation  of  the  fatty  acid. — To  the  remaining 
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495  c.c.  solution  above,  add  concenti-ated  HCl  until  the  water  solution 
is  distinctly  acid  to  litmus  paper  and  a  sharp  separation  of  fatty  acid 
as  an  oil  occurs  on  heating  on  the  steam  bath.  After  heating  set  aside 
to  cool,  or  draw  off  the  lower  layer  by  means  of  a  separatory  funnel, 
saving  both  it  and  the  upper  layer  of  fatty  acid.  Wash  the  fatty  acids 
twice  with  100  c.c.  hot  water.  Then  remove  the  fatty  acid  layer.  Dis- 
solve a  little  in  hot  alcohol  and  show  that  it  will  neutralize  NaOH  and 
is  acid  to  phenolphthalein.    See  experiment  44. 

Experiment  48.  Separation  of  glycerol. — ^Filter  the  aqueous  layer 
from  47  above  and  neutralize  the  filtrate  with  10  per  cent.  NaOH  solu- 
tion. Evaporate  on  the  steam  bath.  Grind  the  residue,  salt  and  glycerol, 
to  a  fine  powder ;  moisten  with  alcohol,  and  again  evaporate  to  dryness. 
This  is  done  to  remove  water  as  completely  as  possible.  Next  add 
25-50  c.c.  alcohol,  heat  to  boiling  on  the  steam  bath,  filter  and  treat  the 
undissolved  residue  once  more  with  25-50  c.c.  alcohol  in  the  same  way. 
Combine  the  filtrates  and  evaporate  to  a  syrup  in  a  small  dish  on  the 
water  bath.  The  residue  should  be  syrupy  glycerol.  It  should  have 
a  sweet  taste  and  give  the  acrolein  test,  as  in  experiment  49. 

Experiment  49.  Acrolein  test  for  glycerol. — To  about  2  drops 
glycerol  in  a  dry  test-tube  add  an  equal  quantity  of  solid  KHSO^  or 
P2O5.  Heat  carefully  and  gradually,  without  charring,  over  a  burner 
and  note  the  penetrating,  sharp  odor  of  the  vapor  given  off.  This  char- 
acteristic odor  is  due  to  acrolein  which  is  formed  by  the  dehydrating 
action  of  P2O5  and  heat  on  the  glycerol.  Perform  the  same  test  on  the 
original  fat  and  oil  the  fatty  acids  obtained  in  47. 

Exercise  XIII.    Methods  of  identification  of  fats. 

One  of  the  best  ways  of  determining  the  identity  of  an  oil  or  fat  is 
to  determine  its  power  of  absorbing  iodine.  This  is  an  indication  of  its 
degree  of  saturation.    See  page  70. 

Experiment  50.  Absorption  of  iodine  by  unsaturated  fatty  acids. — 
Dissolve  a  small  amount  (a  couple  of  drops  of  oily  acids)  of  the 
fatty  acids  in  chloroform,  then  add  thereto  2-3  drops  of  Hubl's  iodine 
solution  and  shake.  The  iodine  will  be  absorbed  by  the  fatty  acid  and 
the  solution  decolorized  if  unsaturated  acids  are  present.  Try  this 
test  also  on  the  original  fat  as  well  as  the  fatty  acid  and  make 
a  control,  shaking  the  chloroform  and  iodine  alone.  The  iodine 
unites  with  the  unsaturated  carbons  of  the  fatty  acids  to  make  the 
iodized  fatty  acids.  For  the  composition  of  V.  Hubl's  solution  see  next 
experiment. 

Experiment  51.  Determination  of  the  iodine  number. — The  iodine 
number  is  the  per  cent,  of  iodine  absorbed  by  the  fat.    That  is,  it  is  the 
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number  of  centigrams  of  iodine  absorbed  by  1  gram  of  fat.  Neutral  fats 
of  saturated  fatty  acids  absorb  no  iodine ;  but  neutral  fats,  which  contain 
some  unsaturated  acids,  will  absorb  iodine  at  the  unsaturated  bond,  two 
atoms  of  iodine  being  absorbed  to  each  double  bond. 

The  solutions  needed  in  this  determination  are  made  up  and  titrated 
by  the  instructors  and  the  titration  values  of  the  thiosulphate  in  mgs. 
of  iodine  and  of  the  Wijs  solntion  (iodine  dissolved  in  iodine  trichloride, 
ICI3)  are  marked  on  the  bottles.  In  accurate  work  the  oil  or  fat  must 
be  weighed,  but  in  the  class  work  it  may  be  measured  by  a  pipette  and 
the  weight  calculated  from  the  specific  gravity.    (See  page  66.) 

Weigh  a  dry  100  c.c.  flask.  Add  to  it  about  0.28  c.c.  of  olive  oil 
and  weigh  again  carefully  so  as  to  obtain  the  amount  of  oil  used.  Dis- 
solve the  oil  in  10  c.c.  of  carbon  tetrachloride  and  add  after  solution 
by  a  volumetric  pipette  25  c.c.  of  Wijs'  iodine  solution,  shake  to  mix, 
stopper  the  flask  and  allow  it  to  stand  in  the  dark  for  from  one  to  two 
hours.  Then  pour  the  contents  of  the  flask  without  loss  into  a  750  c.c. 
Erlenmeyer  flask,  adding  to  the  small  flask  10  c.c.  of  KI  solution  to 
wash  out  the  iodine  left  in  it  and  wash  the  potassium  iodide  quantita- 
tively into  the  750  c.c.  flask.  The  total  volume  of  fluid  should  be  about 
300  c.c.  Now  titrate  the  iodine  solution  with  the  standard  thiosulphate 
solution,  using  starch  as  indicator.  Do  not  add  the  starch  until  the 
amount  of  iodine  remaining  is  sufficient  to  give  only  a  light-brown  color. 
The  calculation  should  be  recorded  as  follows : 

Amount  of  iodine  in  25  c.c.  Wijs  soluUon mgs. 

Thiosulphate  used  in  the  titration c.c.  =:i mgs.  I  not  absorbed. 

1  c.c.  thiosulphate  equals mgs.  iodine. 

Mgs.  of  iodine  absorbed  by  the  fat  =: ^ cgs. 

Weight  of  fat  taken  = grams. 

Iodine  number  of  fat  = cgs.  of  iodine  absorbed  -^  wt.  of  fat  in  grams. 

Standard  thiosulphate  solution  for  the  iodine  value  of  fats.  Dis- 
solve 48  grams  of  sodium  thiosulphate  in  2  liters  of  water.  Allow  to 
stand  about  24  hours  and  then  standardize  it  according  to  VoUhard  as 
follows :  Dissolve  3.8657  grams  accurately  weighed  of  potassium  bichro- 
mate in  water  and  make  up  to  1  liter.  10  c.c.  of  10  per  cent.  KI  solu- 
tion, 5  c.c.  strong  HCl  and  exactly  20  c.c.  of  the  bichromate  solution 
are  mixed  in  a  750  c.c.  Erlenmeyer  flask  and  then  diluted  with  about 
300  c.c  of  water.  This  amount  of  bichromate  solution  when  acidified 
with  HCl  liberates  exactly  0.2  gram  of  iodine  from  the  KI.  Now  deter- 
mine by  titration  how  many  c.c.  of  the  thiosulphate  solution  it  takes 
to  reduce  exactly  this  amount  of  iodine.  To  do  this  run  in  from  a 
burette  carefully  some  of  the  thiosulphate  until  the  iodide  solution  is 
only  faintly  yellow  from  the  iodine,  and  then  add  a  little  starch  solu- 
tion.   Now  carefully  add  the  thiosulphate  until  the  blue  color  of  the 
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starch  is  just  lost.  The  number  of  e.c.  of  thiosulphate  equivalent  to 
0.2  gram  iodine  is  thus  determined.  Prom  this,  by  division,  the  amount 
of  iodine  equivalent  to  1  c.c.  thiosulphate  may  be  calculated. 

Iodine  solution  of  Wijs.  This  is  an  iodine  monochloride  solution 
made  as  follows:  Weigh  into  a  300  c.c.  flask  9.4  grams  of  iodine  tri- 
chloride and  then  pour  in  about  200  c.c.  of  glacial  acetic  acid.  Fit  the 
flask  with  a  cork  carrying  a  CaCla  tube  and  heat  on  the  water  bath 
till  all  is  dissolved.  Eub  7.2  grams  iodine  to  a  fine  powder  in  a  mortar 
and  wash  it  with  glacial  acetic  acid  into  a  similar  flask  and  heat  this  in 
the  same  manner  to  solution.  Pour  the  contents  of  both  flasks  into  a 
stoppered  graduated  liter  flask,  add  glacial  acetic  acid  in  portions  to  the 
iodine  and  reheat  until  all  the  iodine  has  been  dissolved  and  carried  to 
the  liter  flask.  Stopper,  allow  to  cool,  make  up  exactly  to  1  liter  with 
acetic  acid  and  titrate  on  the  following  day  by  the  standard  thiosul- 
phate solution.  To  do  this  measure  exactly  with  a  pipette  10  or  20  c.c.  of 
the  solution  into  a  large  Brlenmeyer  flask,  add  10  c.c.  10  per  cent.  KI 
solution  and  dilute  with  200  or  400  c.c.  water.  Then  run  in  from  a 
burette  the  thiosulphate  until  pale  yellow,  then  add  some  starch,  and 
add  thiosulphate  carefully  to  the  discharge  of  the  blue  color.  The 
strength  of  the  iodine  chloride  solution  may  alter  a  little  in  the  first 
week,  but  thereafter,  Leathes  says,  it  remains  very  nearly  constant  for 
some  weeks.  Restandardize  from  time  to  time.  The  glacial  acetic  acid 
should  be  twice  reerystallized  and  the  mother  liquor  poured  off  from 
the  crystals  before  use.  Care  must  be,  taken  to  prevent  the  absorption 
of  water. 

Lewkowitsch  modifies  Wijs  solution  by  adding  the  iodine  and  iodine 
trichloride  in  molecular  proportions :  7.9  grams  ICI3  and  8.7  grams  Ij. 

Von  Hull's  iodine  solution.  Dissolve  25  grams  of  iodine  in  500  c.c. 
95  per  cent,  alcohol  mixed  the  day  before  being  used  with  an  equal 
■quantity  of  a  solution  pf  30  grams  mercuric  chloride  in  500  c.c.  of  96 
fier  cent,  alcohol.  Waller  recommends  adding  50  c.c.  strong  HCl  to 
1  liter  of  the  mixed  iodine  and  mercuric  chloride  solution.  This  keeps 
its  titer  better  as  it  prevents  the  reaction  of.  the  ICl  with  water  (IC1-|- 
HaO^IOHH-HCl).  vpn  Hubl'^  solution  gives  lower  values  for  the 
iodine  number  in  linseed  oil  and  cholesterol  than  Wijs. 

Experiment  52.  Determination  of  the  saponification  number. — 
Obtain  a  sample  of  oil,  1;he  saponification  number  of  which  is  known  to  the 
instructor,  from  the  storeroom.  Read  under  general  directions  as  to  the 
use  of  pipettes.  Accurately  measure  out  5  c.c.  of  the  oil  with  a  clean, 
dry  5  c.c.  graduated  pipette  and  transfer  to  a  clean,  dry  250  c.c.  Erlen- 
meyer  flask.  (If  facilities  for  weighing  exist  it  is  better  to  weigh  about 
5  grams  of  oil  instead  bt  measuring  it.    This  can  be  done  by  placing  a 
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small  amount  of  oil  with  a  medicine  dropper  in  a  small  flask,  weighing 
all  accurately,  then  transferring  about  5  e.c.  of  oil  to  the  Erlenraeyer 
flask  and  reweighing  the  medicine  dropper  and  flask.  The  difference  in 
the  weighings  gives  the  weight  of  oil  taken.)  Now  add  50  e.c.  of  the 
alcoholic  N/2  KOH  solution  (N/2  KOH  in  90  per  cent,  alcohol),  this 
also  to  be  measured  accurately  with  a  dry  25  e.c.  pipette.  Into  another 
flask  of  the  same  kind  also  measure  accurately  50  c.e.  of  the  alcoholic 
KOH  solution  with  the  same  25  e.c.  pipette.  Fit  each  flask  with  a  reflux 
air  condenser  and  boil  gently  over  a  wire  gauze  for  30  minutes;  next 
cool,  add  about  1  e.c.  phenolphthalein  solution  and  titrate  still  warm 
with  N/2  H2SO4.    Titrate  the  blank  flask  in  the  same  way. 

By  saponification  number  is  meant  the  number  of  mgs.  of  KOH 
necessary  to  neutralize  the  fatty  acids  in  1  gram  of  fat,  phenolphthalein 
being  the  indicator.  Record  your  measurements  and  calculations  in  some 
such  way  as  the  following:  (Specific  gr.  of  oil  may  be  obtained  from 
instructor.) 


Oil  taken  5  e.c.  sp.  gr.  = = Grams  oil. 

Burettte  readings  in  titrating  the  blank 

Burette  readings  in  titrating  the  saponified  oil 

c.e.  N/2  H  SO    equivalent  to  the  KOH  used  in  the  saponification 

c.c.N/2  KOH  required  to  saponify  grams  of  oil 

1  c.e.  N/2  KOH  contains grams  of  KOH 

Saponification  number  of  the  oil  =; 


Experiment  53.  The  emulsification  of  fats  by  soaps.  Cleansing 
action  of  soaps. — In  this  experiment,  use  the  oil  layer,  described  above, 
experiment  44;  before  using,  however,  heat  on  the  water  bath  until  it 
has  become  clear.  For  the  rancid  oil  use  the  olive  oil  on  the  side  shelf. 
Prepare  tubes  as  follows : 


Tnlu- 


Oil  added 


other  addition 


State  of  emnlsion  after  30  minntea 


3  drops  rancid 
"      neutral 
"      rancid 
"      neutral 


5  c.e.  H  0 

2 
«  It 

5  c.e.  H^O  +  0.3  e.c.  N/10  NaOH 
It      It  A    It        It         It 


rancid 
neutral 


5  c.e.  0.05%  Soap  Sol. 


CC  (t 


Note  the  appearance  immediately 
The  fat  is  distributed  through  the 


Shake  all  tubes  equally  thoroughly, 
after  shaking  and  30  minutes  later, 
liquid  in  tubes  containing  soap. 

Write  a  brief  explanation  of  the  manner  in  which  soaps  emulsify 
fats.    See  page  222. 
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ExEEOiSE  XIV.    Preparation  and  properties  of  phospholipins. 
Gltcolipins  and  sterols. 

Experiment  54.  Preparation  of  a  glycolipin,  cerebrin.  (Phrenosin 
and  kerasin  mixture.) — Obtain  200  grams  finely  chopped  calves',  pigs' 
or  sheep  brains.  Transfer  to  a  10-12-inch  porcelain  dish  and  gradually 
add,  while  stirring  well,  200  c.c.  95  per  cent,  alcohol.  Next  transfer  the 
mixture  to  a  750-1,000  c.c.  flask;  add  200  c.c.  95  per  cent,  alcohol,  mix, 
fit  flask  with  a  reflux  condenser,  heat  on  the  steam  bath  for  %  hour, 
agitating  the  flask  from  time  to  time.  Filter  hot,  through  a  dry,  creased 
filter  paper,  into  a  dry  flask,  removing  as  much  of  the  liquid  as  possible 
from  the  undissolved  tissue.  Again  add  250  c.c.  95  per  cent,  alcohol  to 
the  residue  which  has  been  returned  to  the  flask,  boil  on  the  steam  bath 
20  minutes  and  filter  into  the  same  filtrate  as  before.  Eeturn  the  residue 
to  the  flask  and  extract  again  with  250  c.c.  fresh  alcohol.  Combine  the 
three  filtrate  and  set  aside  in  a  covered  beaker. in  a  cool  place  until  the 
next  day  to  permit  of  crystallization.  Save  the  residue,  return  it  to 
the  flask  and  add  250  c.c.  ether,  allow  to  extract  at  room  temperature 
for  several  hours,  filter  off  the  ether  and  extract  once  more  with  the 
same  amount  of  ether.  Save  the  residue  for  experiment  75,  p.  933. 
Unite  and  save  ether  filtrates.  The  hot  alcohol  takes  out  cholesterol, 
lecithin,  and  the  cerebrosides,  besides  other  substances.  The  ether  will 
take  out  an  additional  amount  of  cephalin. 

Sepwration  of  cerebrin.  The  next  day  filter  off  the  cold  alcohol  from 
the  white  crystalline  precipitate  (protagon)  which  has  separated  out, 
using  the  Buchner  suction  funnel.  The  filter  paper  in  the  funnel  is  cut 
just  large  enough  to  cover  the  bottom  and  must  be  first  moistened  with 
water,  suction  applied  and  then  the  water  removed  from  the  paper 
with  acetone  or  alcohol.  The  filtrate  contains  phospholipin  and  may  be 
united  with  the  ether  extract.  The  white  precipitate  consists  of  some 
phospholipin,  cerebrin  and  some  cholesterol  and  other  substances.  It 
is  sometimes  called  impure  protagon.  Transfer  the  white  material  to 
a  small  beaker  and  dissolve  in  100  c.c.  hot  methyl  or  ethyl  alcohol.  Filter 
hot.  Allow  the  hot,  clear  solution  to  cool  slowly  and  thoroughly.  Im- 
pure cerebrin  and  cholesterol  crystallize  out.  FUter  off,  adding  the 
filtrate  to  the  ether  extract  above.  Wash  the  crystals  in  ether.  Choles- 
terol dissolves  in  ether  and  will  go  into  solution,  while  cerebrin  is  insolu- 
ble. Add  the  ether  washings  to  the  ether  extract.  Recrystallize  the 
cerebrin  crystals  once  more  from  hot  methyl  alcohol.  The  result  is  an 
impure  phrenosin  and  kerasin  (eerebroside).  To  remove  the  last  traces 
of  phospholipin  it  would  be  necessary  to  reciystallize  in  hot  glacial  acetic 
acid.  The  following  experiments  can  be  tried  with  the  cerebrin  thus 
obtained. 
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Experiment    55.     Hydrolysis    of    cerebrosides    (glycolipin). — The 

object  of  this  experiment  is  to  show  that  the  glycolipin  from  brain  is 
hydrolized  by  acid  and  yields  galactose.  For  composition  of  phrenosin 
see  page  579. 

To  about  0.5  gram  cerebrin  in  a  100-150  c.c.  flask  add  about  50  c.c. 
distilled  water  and  0.5  c.c.  con.  HjSOi  (measured  by  a  5  c.c.  graduated 
cylinder).  Then  proceed  with  the  hydrolysis  as  in  the  hydrolysis  of  a 
polysaccharide,  experiment  35.  Do  fatty  acids  form  on  the  surface? 
Remove  the  sulphuric  acid  in  the  same  way.  Test  a  portion  of  the  clear 
water  solution  by  Pehling's  solution  in  the  usual  way.  A  reduction 
should  be  obtained.  Test  another  small  portion  for  phosphoric  acid. 
This  should  be  negative.  Evaporate  the  remainder  to  about  5  c.c.  and 
proceed  with  the  mucic-acid  test  for  galactose  as  given  in  experiment  27. 

Experiment  56.  Preparation  of  phospholipins  (phosphatides). — 
Concentrate  the  united  ether  extracts  and  cold  alhoholic  filtrates  from 
experiment  54  in  a  porcelain  dish  on  the  water  bath.  Evaporate  to  the 
consistence  of  a  salve  or  paste.  Avoid  overheating  or  baiting.  Add 
25  c.c.  95  per  cent,  alcohol,  moistening  all  the  solid  substance  in  the 
dish  therewith.  Try  to  redissolve  the  material  as  much  as  possible  so 
as  to  cover  less  space  in  the  dish.  Again  evaporate  as  above  to  a  thick 
syrup.  Again  take  up  in  95  per  cent,  alcohol  and  repeat  the  evapora- 
tion. This  is  to  remove  the  water.  Allow  to  cool  and  immediately  on 
cooling  extract  the  residue  in  the  dish  three  times,  using  20  c.c.  ether 
each  time.  Decant  the  ether  off  each  time  into  a  large  test-tube.  Be 
very  careful  to  avoid  getting  water  into  the  material  in  the  dish  and 
be  sure  to  break  up  the  lumps  as  much  as  possible  while  treating  with 
ether.  The  milky  ether  extracts,  combined  in  a  large  test-tube,  stoppered, 
are  set  aside  in  a  cool  place  to  settle.  After  a  day  or  two  the  clear  super- 
natant liquid  is  poured  into  a  300  c.c.  beaker  and  then,  while  stirring 
well,  three  volumes  of  anhydrous  acetone  added.  Be  sure  to  use  acetone 
which  has  not  been  allowed  to  absorb  moisture  by  standing  exposed  to 
the  air  or  by  being  measured  with  vessels  which  contain  water  or  alcohol. 
The  precipitated  phospholipin  (lecithin,  cephalin  and  various  myelins) 
is  allowed  to  settle  out  and  the  supernatant  acetone-ether  solution  poured 
into  a  10-12-inch  porcelain  dish  and  allowed  to  evaporate  spontaneously 
for: the  cholesterol  preparation.  (Experiment  58).  The  phospholipin 
precipitate  is  now. kneaded  with  a  horn  spoon  or  a  glass  rod  until  all  the 
particles,  are  collected .  into  one  mass.  Knead  this  mass  well  with  two 
15  c.c.  portions  of  acetone,  adding  the  acetone  washings  to  the  acetone- 
ether  solution,  evaporating  for  cholesterol.  The  phosphatide  prt'para- 
tioJi  may  be-;  kept  on  a  wa,tch  glass  in  a  desiccator.  Examine  a  portion 
ofiit,  to  determine  its  composition  as  follows: 

Experiment  57.    Tests  for  glycerol,  fatty  acids  and  organic  phos- 
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phoric  acid  in  phospholipin. — Ulyc&rol.  Take  aiportion  of  phosphatide 
about  equal  in  bulk  to  a  sphere  with  a  diameter  of  one-eighth  inch,  place 
in  dry  test-tube  and  cover  with  a  little  PjOj  and  heat  gently  in  the 
flame,  smelling  from  time  to  time  as  soon  as  white  fumes  come  off  from 
the  fused  phosphatide.  Note  the  irritating,  penetrating  odor  of  acrolein, 
showing  the  presence  of  glycerol.  Fntty  acid.  Take  another  portion 
of  phospholipin  of  the  same  amount,  dissolve  this  in  a  test-tube  in  about 
6  c.c.  95  per  cent,  alcohol.  Heat  to  boiling  in  a  steam  bath  and  add  an 
equal  quantity  of  concentrated  HCl  and  heat  on  the  steam  bath  for  20 
minutes.  Transfer  to  a  100  c.c.  beaker  and  evaporate  until  the  alcohol 
has  been  boiled  off.  Then  shake  the  residue  in  20  c.c.  ether  in  a  separa- 
tory  funnel,  separate  the  ether  layer  from  the  other  and  evaporate  both 
separately  on  the  steam  bath  until  the  ether  and  HCl  have  been  removed. 

Note  the  character  of  the  material,  fatty  acid,  left  from  the  ether. 
Dissolve  this  in  the  least  quantity  of  dilute  NaOH.  Acidify  again  and 
heat  to  boiling.    Fatty  acids  separate  out. 

Phosphoric  acid.  The  residue  from  the  evaporation  of  the  aqueous 
solution  above  should  be  tested  for  phosphoric  acid.  It  is  dissolved  in 
a  little  water,  transferred  to  a  test-tube,  most  of  the  water  evaporated 
and  10  drops  of  concentrated  H2SO4  added  to  destroy  organic  matter. 
Heat  in  the  flame  until  charred,  then  add  one  drop  of  concentrated 
HNO3  and  again  heat  until  charred.  Be  very  careful  to  hold  the  mouth 
of  the  test-tube  directed. away  from  you  when  you  add  the  nitric  acid;  in 
applying  this  test  to  fatty  substances  or  to  substances  containing 
glycerol,  alcohol  or  ether  one  must  he  very  cautious,  as  a  violent' reaction 
is  likely  to  take  place  at  the  beginning  of  digestion.  Repeat  the  addition 
of  one  drop  of  nitric  acid  and  the  heating  until  the  material  no  longer 
chars  on  heating  sufficiently  to  give  off  white  sulphuric-acid  fumes. 
Allow  to  cool,  then  carefully  add  about  5  c.c.  distilled  water  and  strong 
NH4OH  (No.  5)  until  faintly  alkaline.  Now  again  add  just  enough 
concentrated  NHO3  (one  drop  at  a  time)  to  render  acid.  To  this  solu- 
tion warmed  to  about  70°  C.  add  a  few  c.c.  ammonium  molybdate  solu- 
tion (No.  6).  Agitate  with  a  stirring  rod.  If  phosphorus  is  present  in 
the  original  substance  it  will  be  precipitated  here  as  the  yellow,  am- 
monium phosphomolybdate. 

Experiment  58.  Preparation  of  cholesterol. — To  the  residue  left 
on  evaporating  the  acetone-ether  solution  decanted  above,  add  25  c.c. 
95  per  cent,  alcohol  and  5  c.c.  strong  NaOH  solution  (No.  86).  Mix  well, 
transfer  to  a  150  c.c.  Erlenmeyer  flask,  using  10  c.c.  more  95  per  cent, 
alcohol  to  rinse  the  dish  with.  Pit  the  flask  with  a  reflux  air  condenser 
and  boil  on  the  water  bath  for  30  minutes.  Then  evaporate  in  a  10  cm. 
dish  to  remove  most  of  the  alcohol ;  neutralize  to  litmus  by  gradually 
adding,  while  stirring,  concentrated  HCl.    Cool  and  extract  with  three 
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20  c.c.  portions  of  ether.  Allow  the  combined  clear  ether  extracts  to 
evaporate  spontaneously  to  a  small  volume  in  a  100  c.c.  beaker.  The 
crystals  of  cholesterol  may  be  reerystallized  from  95  per  cent,  alcohol. 
They  should  be  colorless  plates. 

Experiment  59.  Cholesterol  reactions. — (a)  iodine-sulphuric- 
acid  TEST.  Prepare  a  mixture  of  5  c.c.  concentrated  H2SO4  -|-  1  c.c. 
water.  Cool  and  add  a  few  small  white  crystals  of  cholesterol.  Allow 
to  act  at  room  temperature  until  the  edges  of  the  crystals  are  colored 
pink.  Then  add  3  drops  of  a  dilute  iodine  solution  (1  vol.  No.  45  +  10 
vol.  water),  agitate  and  note  the  colors  developing.  Gradually  add  5  to 
10  drops  more  of  the  same  iodine  solution,  agitating  after  each  addition. 
Observe  under  microscope.    The  crystals  are  colored  on  the  edges. 

(b)  SALKOwsKi's  REACTION.  Dissolvc  &  Small  crystal  of  cholesterol 
in  about  1  c.c.  chloroform  in  a  dry  test-tube.  To  this  solution  at  room 
temperature  add  an  equal  volume  concentrated  HjSO^.  Do  not  agitate  at 
once,  but  note  the  red  color  of  the  upper  chloroform  layer  and  the 
fluorescence  of  the  sulphuric-acid  layer  after  standing  a  minute  or  so. 
Agitate  to  mix  the  two  layers  and  set  aside.  Note  the  intense  cherry-red 
coloration  of  the  upper  layer  on  separating  into  two  layers. 

(e)  LiEBERMANN-BURCHAKD  REACTION.  In  a  dry  tcst-tube  dissolve  a 
few  small  crystals  of  cholesterol  in  about  2  c.c.  chloroform.  Next  add 
15  drops  acetic  anhydride,  mix  and  then  add  concentrated  H,S04,  drop 
by  drop,  2-5  drops.  Shake  the  contents  of  the  tube.  Allow  to  act 
further  without  heating  and  note  the  changes  in  color.  A  deep  blue 
color  develops. 


CHAPTER  XXV. 

THE  PROTEINS. 

Exercise  XVI.    Elementary  composition  and  tests  for  detection. 

Experiment  60.  Elementary  composition  of  the  proteins. — Care- 
fully heat  a  small  amount  of  dried  casein  or  other  dried  protein  in  a 
dry  test-tube  until  the  characteristic  odor  of  burning  hair  is  developed. 
Note  the  drops  of  water  on  the  sides  of  the  tube.  The  presence  of  this 
water,  if  the  protein  has  been  thoroughly  dried  at  100°,  means  that 
proteins  contain  hydrogen.  The  charred  black  mass  shows  the  presence 
of  carbon.  To  show  the  presence  of  nitrogen  now  add  to  another  por- 
tion of  casein  about  1  c.c.  of  a  mixture  of  equal  parts  of  powdered 
iron  or  iron  filings  and  dry  sodium  hydrate.  Heat  carefully  in  a 
crucible  until  the  material  has  well  charred  and  fused.  Now  allow  to 
cool  and  then  extract  with  10  c.c.  distilled  water.  Filter  through  a 
small  filter  from  the  iron  and  carbon.  By  heating  with  iron  and  by  dry 
distillation  of  proteins,  hydrocyanic  acid  is  formed.  Ferrous  salts  unite 
with  the  sodium  cyanide  to  make  f  erroeyanide.  Now  add  to  the  solution 
concentrated  HCl  until  just  acid.  If  the  dark-blue  ferrie-ferrocyanide 
is  not  formed  at  once,  add  a  drop  of  ferric  chloride  when  it  will  appear. 
The  presence  of  nitrogen  in  proteins  is  shown  by  the  formation  of  the 
ferroeyanide.  Many  proteins  contain  also  sulphur  in  an  unoxidized 
form,  which  may  be  detected  by  the  formation  of  lead  sulphide  as  in 
experiment  61. 

Experiment  61.  Methods  of  detecting  proteins  in  solutions  or 
solids.  Color  reactions  of  the  proteins. — ^For  these  experiments  take 
portions  of  blood  serum  which  has  been  diluted  10  times  with  water ;  or 
egg  white,  diluted  with  five  volumes  of  water;  or  a  2  per  cent,  solution 
of  commercial  peptone. 

*  A.  Biuret  (Piotrowski's)  reaction.  To  2  c.c.  portions  of  the  solu- 
tions of  blood  albumin,  egg  white  and  commercial  peptone  add  2  c.c. 
10  per  cent.  NaOH  and  then  one  drop  of  a  0.5  per  cent.  CuSO^  solution. 
Mix  well  and  add  more  CuSO^,  drop  by  drop,  until  a  distinct  pink  or 
violet  color  is  developed  or  until  a  precipitate  of  Cu(0H)2  is  formed. 
If  the  rose  or  violet  color  which  constitutes  the  biuret  reaction  does  not 
come  at  once,  allow  to  stand  15-20  minutes. 

915 
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This  reaction  is  interfered  with  if  much  ammonium  salt  is  present. 
In  its  presence  it  is  necessary  to  add  a  large  amount  of  strong  NaOII 
to  get  rid  of  the  influence  of  the  NH^OH.  If  NaOH  is  added  to  a  solu- 
tion containing  an  aminonium  salt,  such  as  (NH4)2S04,  sodium  sulphate 
will  be  formed  and  ammonium  hydrate.  The  ammonium  hydrate  is  a 
very  weak  base,  particularly  in  the  presence  of  ammonium  salts;  it 
combines  with  the  cupric  ions,  removing  them  from  the  solution,  so 
that  it  is  necessary  to  add  NaOH  until  nearly  the  whole  of  the  am- 
monium sulphate  or  other  ammonium  salt  has  been  decomposed.  To 
show  this  add  to  the  peptone  test  above,  drop  by  drop,  a  saturated  solu- 
tion of  ammonium  sulphate  until  the  blue  color  of  the  ammonium  cupric 
salt  replaces  the  pink  color,  due  to  the  biuret  reaction.  Now  add  40  per 
cent.  NaOH  (No.  86)  until  the  pink  color  returns. 

Read  on  page  144. 

Eepeat  this  test  with  biuret.    Make  biuret  from  urea  as  follows : 

*  A.  1.  Formation  of  hiwr&t  and  cyanuric  acid  from  urea.  Care- 
fully heat  over  a  low  flame  a  layer  of  urea  about  one-eighth  inch  deep 
in  a  dry  test-tube.  The  urea  melts,  then  the  liquid  boils  and  finally 
if  the  heating  is  continued  a  white  solid  remains  on  the  sides  and  bottom 
of  the  tube.  During  the  heating  note  the  odor  of  the  vapor  (ammonia) 
escaping  from  the  tube.  After  cooling  add  about  5  e.c.  of  water,  warm 
slightly  and  decant  from  the  undissolved  residue  into  another  tube  and 
then  make  the  biuret  test  in  the  aqueous  solution.  A  pink  color  should 
be  obtained.    Biuret  is  formed  according  to  the  following  reaction : 

NH  — CO— NH  +  NH  — CO— NH       ►     NH  —CO- NH— CO— NH  +  NH 

2  2T^2  2  2  2'3 

Urea.  Urea.  Biuret. 

*  B.  Xanthoproteic  reaction  (see  page  147).  This  reaction,  the 
yellow  protein  reaction,  is  give  both  by  solid  and  dissolved  protein,  but 
is  most  delicate  when  applied  to  solid  protein.  To  a  small  amount  of 
the  solid  protein  or  its  solution  add  about  1  e.c.  concentrated  nitric 
acid  and  boil  until  dissolved.  Cool.  Note  the  lemon-yellow  color  which 
develops  in  case  protein  is  present  containing  a  benzene  nucleus.  Cool 
the  solution  and  add  strong  IfaOH  solution  until  the  solution  is  slightly 
alkaline.  The  color  should  change  to  a  deeper  orange  if  the  test  is  posi- 
tive. See  if  solid  gelatin,  casein,  solutions  of  the  proteins,  a  few  drops 
of  2  per  cent,  phenol  solution  and  a  little  salicylic  acid  give  the  same 
reaction.  This  reaction  is  not  given  by  proteins  which  lack  the  aromatic 
nuclejis.  Explain  the  reaction  (see  page  148).  Tyrosine,  phenylalanine 
and  tryptophane  in  the  protein  molecule  give  this  reaction. 

*  C.  Millon's  reaction.  For  the  composition  of  Millon's  reas^ent 
see  page  147.     To  apply  this  test  to  solutions  add  a  few  drops  of  the 
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reagent  to  four  or  five  e.c.  of  the  solution  and  then  heat  to  hoiling. 
Generally  there  is  first  formed  a  white  precipitate  which  turns  pink  or 
red  slowly  on  heating.  In  case  a  pink  or  red  color  does  not  develop  it 
is  best  to  add  a  few  more  drops  of  the  reagent  and  again  heat  to  boiling 
and  allow  to  stand.  The  amount  of  reagent  to  be  added  varies  con- 
siderably, depending  on  the  concentration  and  nature  of  the  solution. 
Try  this  reaction  on  2  c.c.  of  the  2  per  cent,  gelatine  and  casein  solutions, 
and  on  solid  gelatin  and  casein  and  on  the  albumin  solutions.  Test 
also  2  drops  of  2  per  cent,  phenol  solution  added  to  3  c.c.  of  water  and 
test  also  a  few  crystals  of  resorcine,  phloroglueine,  thymol,  vanilline 
and  tyrosine.  For  an  explanation  of  the  reaction  see  page  147. 
Tyrosine  is  the  only  amino-acid  in  protein  which  gives  this  reaction. 

a.  The  reaction  is  interfered  with  by  the  presence  of  sodium 
chloride.  Repeat  the  phenol  or  any  of  the  other  reactions  which  have 
been  positive,  but  add  to  the  solution  some  solid  NaCl  first.  It  will  be 
found  necessary  to  add.  much  more  Millon's  solution  before  a  red  color 
is  developed  if  NaCl  is  present. 

*  B.  Tryptophane  reaction.  {Adamkiewicz  reaction.)  To  5  c.c. 
glacial  acetic  acid  add  3  to  10  drops  of  the  2  per  cent,  protein  solution, 
mix  well  and  pour  concentrated  H2SO4  down  the  side  of  the  tube  so 
that  it  forms  a  layer  underneath  the  acetic  acid.  A  violet  ring  should 
develop  at  the  plane  of  contact  if  the  test  is  positive.  This  generally 
develops  after  standing  a  few  minutes.  After  it  appears,  or  if  the  test 
is  negative,  agitate  the  tube  so  as  to  mix  the  sulphuric  acid  and  acetic. 
The  whole  solution  may  become  violet. 

Try  this  test  on  gelatin  and  casein  in  particular.  Gelatin  is  negative. 
If  the  test  is  negative,  it  is  well  to  repeat  it  by  dissolving  some  of  the 
dry  protein  in  glacial  acetic  acid  by  warming,  then  cooling  and  adding 
the  H2SO4.  A  violet  ring  or  a  violet  solution  should  be  obtained  on 
mixing  if  the  test  is  positive.  If  tryptophane  and  indole  can  be  pro- 
cured, repeat  this  test  on  small  quantities  of  these  substances  or  their 
solutions.  For  explanation  of  the  reaction  see  page  148.  "What  proteins 
will  not  give  this  reaction? 

*  E.  Glyoxylic  acid  reaction  {Hopkins-Cole  reaction).  To  about  2 
c.c.  of  glyoxylic  acid  reagent  (No.  38)  add  2  c.c.  of  the  2  per  cent,  pro- 
tein solutions,  or  of  the  protein  solutions  to  be  tested,  mix  and  pour 
concentrated  H2SO4  down  the  side  of  the  tube.  A  purple-violet  ring  at 
the  plane  of  contact  is  a  positive  reaction.  Repeat,  mixing  the  contents 
of  the  tube.  This  reaction  does  not  always  come  immediately,  so  if  nega- 
tive allow  it  to  stand  15  minutes.  If  still  negative,  repeat,  using  a  little 
of  the  solid  protein  matter  dissolved  in  glyoxylic  acid  and  sulphuric. 

The  glyoxylic-aeid  reagent  is  made  in  the  following  way : 

In  a  500  c.c.  flask  place  10  grams  powdered  magnesium,  cover  with 


918  PHYSIOLOGICAL   CHEMISTRY 

distilled  water  and  slowly  add  250  c.c.  of  saturated  oxalic-acid  solution, 
cooling  from  time  to  time  under  the  tap.  Filter  off  the  magnesium 
oxalate,  acidify  slightly  with  acetic  acid,  dilute  to  one  liter  and  keep 
in  a  stoppered  bottle,  with  a  little  chloroform  added.  The  solution 
contains  oxalic  acid  and  glyoxylic  acid,  CHO.COOH. 

This  reaction,  like  the  preceding,  is  for  tryptophane.    See  page  148. 

Cole  states  that  this  reaction  is  interfered  with  by  the  presence  of 
chlorides  in  excess,  and  in  the  presence  of  chlorates,  nitrates  and  nitrites. 
It  is  also  important  to  use  pure  sulphuric  acid. 

*  F.  Acree-Rosenheim  formaldehyde  reaction.  To  2  c.c.  of  the  2 
per  cent,  solution  add  3  drops  of  formaldehyde  solution  1 : 5,000  (No. 
33).  Mix  and  pour  concentrated  sulphuric  acid  down  the  side  of  the 
tube,  as  in  the  preceding.  Note  the  purple  ring  which  forms  after 
standing  about  5  minutes  if  the  test  is  positive.  This  is  also  a  trypto- 
phane reaction.  For  explanation  see  page  149.  A  trace  of  iron  is 
necessary. 

*  G.  Liebermaim's  reaction.  This  test  can  be  made  in  two  forms. 
Boil  the  solid  protein  with  5  c.c.  concentrated  HCl  for  about  a  minute 
with  a  few  drops  of  dilute  saccharose  solution.  A  violet  color  develops 
if  the  test  is  positive.  Test  in  this  way  dry  egg  albumin,  casein  and 
gelatin. 

In  the  other  way,  treat  the  sarnie  proteins  by  boiling  with  alcohol  and 
ether  in  the  water  bath  first,  pour  off  the  alcohol  and  ether  before  boil- 
ing with  concentrated  HCl  and  do  not  add  the  saccharose.  The  solid 
protein  often  takes  a  beautiful  blue  coloration  if  it  does  not  dissolve, 
and  the  solution  becomes  violet  if  it  does  dissolve.  For  an  explanation 
of  these  reactions  read  page  149.  In  the  first  case  the  aldehyde  is  sup- 
plied by  the  decomposition  of  the  saccharose;  in  the  latter  case  it  is 
present  already  in  the  alcohol  or  ether  or  both,  so  that  the  addition  of 
glyoxylic  acid  or  formaldehyde  is  unnecessary.  Sometimes  carbohydrate 
is  already  present  in  the  protein  molecule  and  it  is  only  necessary  to 
boil  with  hydrochloric  acid  to  develop  the  violet  color. 

*H.    Ehrlich's  p-dimetkyl-amvno-henzaldehyde  reaction.    In  place 

of  formaldehyde,  or  glyoxylic  acid  or  the  aldehyde  developed  from  the 

carbohydrates  by  the  action  of  strong  acids,  we  may  use  also  aromatic 

aldehydes  for  the  detection  of  tryptophane.    Among  these  the  p-dimethyl- 

amino-benzaldehyde  is  often  used.    This  reagent  has  the  formula : 

0— CHO 

//   \ 
HC  CH 

Hi  IJH 

w  / 

C 
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To  1  c.e.  of  the  protein  solution  add  an  equal  volume  of  concentrated 
HCl  and  boil  for  one-half  minute;  note  the  color  developed,  if  any 
(Liebermann  reaction).  Then  add  two  drops  of  the  5  per  cent,  solution 
of  p-dimethyl-amino-benzaldehyde  in  10  per  cent.  H2SO4  (No.  59),  mix 
and  again  note  the  color.  A  red  to  violet  color  develops  in  case  trypto- 
phane or  other  indole  derivatives  are  present.  A  few  drops  of  0.5  pei' 
cent.  NaNOj  (No.  87)  solution  added  now  changes  the  color  to  a  blue. 
Another  method  of  making  this  test  is  described  on  page  988.  This 
reaction  is  also  used  for  the  detection  of  indole  substances  in  the  urine. 
I.  EJirlich's  diazo  reaction.  Diazo-henzene-sulphonic  acid.  This 
is  a  histidine  and  tyrosine  reaction.  The  formula  of  diazo-benzene- 
sulphonie  acid  is  CoHjNaSOsH.  Take  about  1  c.c.  of  0.5  per  cent, 
sulphanilic-acid  solution  in  2  per  cent.  HCl  (No.  91),  add  an  equal 
volume  of  0.5  per  cent.  NaNOg  (No.  87)  solution.  Mix  well  and  after 
about  one-half  minute  add  1  c.c.  of  the  1  per  cent,  protein  solution. 
Again  mix  and  then  add  enough  NH4OH  or  NajCOg  to  make  the  mixture 
distinctly  alkaline.  Histidine  gives  a  red  to  orange  color  and  tryosine 
gives  an  orange  color,  but  less  intense.  Tyrosine  when  converted  into  the 
benzoyl  derivative  no  longer  gives  the  test,  but  benzoyl  histidine  does  (K. 
Inouye,  Zeits.  f.  physiol.  Chem.,  83,  1913,  p.  79).  Carry  out  this  test 
with  gelatin  and  casein  solutions,  with  distilled  water  and  with  tyrosine 
and  histidine,  if  they  can  be  provided  by  the  instructor. 

*  J.  Molisch  reaction.  See  the  directions  in  experiment  24.  Try 
this  test  on  solutions  of  casein,  egg  albumin,  blood  proteins,  gelatin  and 
Witte's  peptone.  Note  which  are  positive.  A  positive  reaction  is  an 
indication  of  the  presence  of  carbohydrate  in  the  protein  molecule  or 
solution. 

*  E.  Reduced  sulphur  reaction.  To  the  protein  solution,  and  for 
this  test  it  is  better  to  take  a  fairly  concentrated  solution  of  egg  white, 
add  four  volumes  of  10  per  cent.  NaOH  and  boil  for  a  few  moments, 
1-2  minutes.  Then  add  a  few  dops,  3-10,  of  lead-acetate  solution.  A 
brown  color  or  a  black  precipitate  formed  on  the  addition  of  Pb  acetate 
shows  the  presence  of  unoxidized  sulphur  in  the  molecule.  It  is  split 
off  as  the  sulphide  and  precipitated  as  sulphide  of  lead.  Test  also 
gelatin,  casein  and  Witte's  peptone  solution  by  this  test.  Has  casein 
sulphur  in  it?  If  the  instructor  can  supply  some  cystine,  repeat  this 
test  with  a  little  cystine  dissolved  in  sodium  hydrate  containing  some 
lead  acetate. 

*  NinTiydrin  (triketohydrindenehydrate)  reaction  (Ruhemann,  Trans. 
Chem.  Soc,  97,  p.  2025,  1910 ;  Abderhalden  and  Schmidt,  Zeit.  f.  phys. 
Chem.,  72,  p.  37,  1911).  Ninhydrin  is  triketohydrindenehydrate.  This 
reaction  is  one  of  the  most  sensitive  of  the  protein  reactions.  It  is 
positive  with  proteins,  peptones  and  amino-acids,  with  the  exception  of 
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those  which  have  an  imino  instead  of  an  amino  group.  One  carboxyl 
and  one  a-amino  group  must  be  free  for  protein  or  peptide  to  give  a 
positive  test.  The  reaction  is  made  as  follows:  0.1  gr.  of  the  reagent 
is  dissolved  in  30-40  c.c.  of  water.  One  or  two  drops  of  this  solution 
is  added  to  1  c.c.  of  the  solution  to  be  tested  and  heated  a  short  time  to 
boiling.  On  cooling  a  more  or  less  intense  blue  color  develops,  if  the 
test  is  positive.  It  is  necessary  that  the  fluid  should  be  neutral  in  reac- 
tion. If  acid,  the  color  is  more  red-violet  and  the  reaction  is  retarded 
by  alkali.  See  page  150.  The  solution  of  ninhydrin  does  not  keep  well, 
so  it  is  well  to  make  it  up  in  small  amounts.  It  comes  in  the  trade  in 
0.1  gram  vials.  In  using  this  test  for  the  presence  of  amino-aeids  in 
dialyzate  Abderhalden  recommends  that  it  be  made  as  follows:  To  10 
c.c.  of  the  dialyzate  0.2  c.c.  of  the  1  per  cent,  solution  of  ninhydrin  is 
added.  A  boiling  stick  is  then  added  and  the  solution  boiled  for  exactly 
one  minute  from  the  appearance  of  the  first  air  bubble  on  the  side  of 
the  test-tube.  A  control  should  be  run  at  the  same  time,  the  control 
having  no  substance  in  it  giving  the  test.  A  blue  color  develops  on 
cooling  if  the  test  is  positive  (Abderhalden,  AbwehrfermerUe  des 
tierischen  Organismus,  Berlin,  1912). 

'      '   Exercise  XVIII.    Methods  op  precipitating  proteins. 
Heat  coagulation. 

',(.,The  proteins  may  also  be  detected  in  solution  by  precipitation  by 
heat,  or  combination  with  other  substances.  Insoluble  precipitates  are 
thus  formed.  It  is  often  desirable  to  remove  proteins  from  solution  in 
order  that  the  non-protein  constituents  may  be  detected  and  deter- 
mined, as  for  example  in  the  examination  of  blood  plasma  for  sugar, 
amino-acids  and  so  on. 

The  principal  precipitants  of  the  proteins  are  various  acids  such  as 
picric,  tannic,  tungstic,  bichromic,  etc. ;  various  metals,  such  as  mercury, 
silver,  platinum,  copper  and  lead;  and  various  colloids  such  as  colloidal 
iron,  cream  of  alumina,  etc. 

Experiment  62.  Acid  precipitants  of  proteins. — In  all  of  these 
tests  the  reaction  of  the  medium  must  be  acid.  To  2  c.c.  of  a  solution 
of  any  protein  in  a  test-tube  add  a  drop  of  a  saturated,  aqueous  solution 
of  picric  acid.  A  yellow  precipitate  of  the  picrate  of  protein  is  thrown 
down.  This  precipitation  may  be  accomplished  by  adding  sodium 
picrate  solution  and  then  acidifying  by  acetic  acid. 

In  place  of  .sodium  picrate  and  picric  acid  we  may  use  sodium 
tungstate,  sodium  bichromate,  sodium  ferrocyanide,  or  a  phosphomolyb- 
date,  or  phosphotungstate,  trichloracetate  or  metaphosphate.  To  any 
protein  solution  add  a  few  drops  of  any  of  these  salts  and  acidify 
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with  acetic  acid.  The  protamines  alone  are  precipitated  without  acidifi- 
cation. The  free  acids  precipitate  all  proteins.  The  precipitated  all 
dissolve  if  the  solution  is  made  alkaline  but  the  protein  is  often  changed 
by  the  acid. 

Reaction  :  Na  picrate  -|-  protein  -|-  acetic  acid ..Na  acetate  -f-  albumin  picrate. 

Experiment  63.  To  precipitate  by  the  metals  take  any  protein  so- 
lution which  is  neutral,  such  as  white  of  egg,  peptone,  or  blood  serum 
or  plasma  diluted,  add  to  a  few  c.e.  of  the  solution  a  few  drops  of  lead 
acetate,  mercuric  chloride,  copper  sulphate,  or  other  heavy  metal  salt. 
A  partial  precipitation  will  often  occur  if  the  solutions  are  very  faintly 
alkaline,  as  white  of  egg  normally  is,  but  the  precipitation  is  much  more 
complete  if  a  distinct  alkalinity  is  had  by  adding  sodium  hydrate.  Try 
the  various  metals  in  this  way.  The  lighter  metals  such  as  calcium, 
magnesium,  etc.  do  not  precipitate. 

Reaction  :  Pb  acetate  -\-  protein  -|-  NaOH .-Pb  proteinate  -|-  Na  acetate. 

Experiment  64.     Colloidal  precipitation  of  the  proteins. — To  any 

protein  solution  which  contains  electro-negative  proteins,  i.e.,  faintly 
alkaline  solutions,  add  a  few  drops  of  dialysed  colloidal  iron,  or  other 
colloidal  metal  or  cream  of  alumina.  A  heavy  precipitate  results 
formed  of  the  union  of  the  colloidal  iron  (or  other  metal)  with  the 
colloidal  protein. 

To  make  colloidal  iron,  precipitate  ferric  hydrate  in  a  little  alkali, 
filter,  suspend  the  precipitate  in  ferric  chloride  solution  and  dialyse 
after  shaking  well.    Colloidal  ferric  hydrate  remains  in  the  tube. 

In  place  of  electro-positive  colloids  we  may  precipitate  in  an  acid 
solution,  in  which  the  proteins  become  electro-positive  colloids  them- 
selves, by  adding  an  electro-negative  colloid  such  as  colloidal  arsenious 
sulphide,  colloidal  silicic  acid,  fullers'  earth,  or  other  electro-negative 
colloid.  The  precipitate  is  composed  of  the  united  negative  and  positive 
colloids.    Protein  can  be  completely  precipitated  by  these  means. 

Experiment  65.  Heat  coagulation  of  the  proteins. — For  the  study 
of  the  conditions  governing  heat  coagulation,  either  egg  white  diluted 
with  a  double  volume  of  distilled  water  or  blood  serum  similarly  diluted 
may  be  used.  To  show  that  not  all  proteins  are  coagulated  by  heat,  a 
2  per  cent,  albumose  or  gelatin  or  casein  solution  should  be  heated  under 
similar  conditions.  Many  of  the  proteins  are  denatured  by  heat  That 
is,  they  become  insoluble  metaproteins.  There  are  two  distinct  changes 
involved  in  coagulation:  a  chemical  and  a  physical.  The  chemical 
change  will  occur  in  the  absence  of  salt  or  electrolytes,  but  the  physical 
change,  the  agglomeration  into  a  eoagulum,  will  only  happen^  if  elec- 
trolytes are  present.     The  chemical  change  occurs  best  if  the  solution 
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is  very  faintly  acid,  or  neutral.  The  nature  of  the  chemical  change 
involved  is  unknown.  If  the  solution  of  a  protein  is  dialyzed  or  diluted 
with  distilled  water  so  that  it  contains  no  electrolyte,  or  very  little,  then 
if  it  is  heated  the  solution  generally  becomes  slighly  opalescent,  but 
there  is  no  precipitation.  If,  however,  salt  is  added  to  the  previously 
heated  but  cooled  solution,  the  protein  now  precipitates,  although  it 
would  not  precipitate  before  heating.  The  coagulation  and  precipita- 
tion are  most  complete  if  both  salt  and  very  little  acid  are  present.  If 
the  reaction  is  very  alkaline,  no  precipitation  occurs,  even  though  the 
salt  be  present,  but  the  protein  is  converted  by  heating  into  a  soluble 
metaprotein.  If  it  is  more  than  very  faintly  acid,  also,  the  same  result 
will  be  obtained.  Btoth  of  these  metaproteins,  acid  and  alkali,  will  be 
precipitated  if  the  solution  is  made  exactly  neutral.  The  dependence  of 
the  coagulation  on  salts,  acids  and  alkalies  is  shown  in  the  following 
experiments : 

*  1.  Heat  to  boiling  5  c.c.  of  the  undiluted  egg  albumin  and  blood 
serum,  after  assuring  yourself  that  they  are  faintly  alkaline  to  litmus. 
They  will  be  found  to  coagulate,  although  faintly  alkaline. 

*  2.  Eepeat,  using  the  diluted  serum  and  egg  albumin.  It  will  be 
found  that  the  solution  coagulates  very  imperfectly.  Now  add  to  the 
opalescent  tubes  some  powdered,  solid,  sodium  chloridje,  about  the 
amount  on  a  knife  point.  On  standing  the  proteins  are  precipitated. 
This  shows  that  heating  has  changed  the  proteins  and  made  them  more 
easily  precipitated  by  salt,  although  it  has  not  coagulated  them. 

*  3.  Now  take  four  tubes  containing  each  5  c.c.  of  the  diluted  serum, 
or  egg  white,  add  to  (1)  a  couple  of  crystals,  about  a  centigram,  of 
solid  sodium  chloride;  to  (2)  add  two  drops  of  10  per  cent,  acetic  acid; 
to  (3)  add  two  drops  of  10  per  cent.  NaOH;  to  (4)  add  a  e.g.  of  NaCl 
and  two  drops  of  10  per  cent,  acetic  acid;  mix  contents  of  each  tube; 
immerse  all  four  in  boiling  water  and  note  which  coagulate  best,  and 
how  the  coagulation  compares  with  that  in  (*2).  Number  4  wiU  gen- 
erally coagulate  most  firmly  and  completely. 

After  heating  and  cooling  neutralize  (3)  exactly  with  acetic  acid. 
A  precipitate  of  metaprotein,  alkali  albumin,  is  now  obtained  at  the 
neutral  point. 

*4.  Is  water  involved  in  heat  coagulation  ?  Place  a  small  amount  of 
finely  divided  dry  egg  albumin  into  each  of  two  dry  test-tubes.  To  one 
add  5  C.C.  of  a  1  per  cent.  NaCl  solution.  Immerse  both  tubes  in  a  bath 
of  boiling  water  and  heat  thus  for  10  minutes,  agitating  frequently. 
One  has  been  heated  while  dry;  the  other  while  moist.  Allow  to  cool 
and  then  add  5  c.c.  of  a  1  per  cent.  NaCl  to  the  tube  containing  the 
dry  egg  albumin  and  allow  to  stand  for  10  minutes  at  room  temperature, 
with  frequent  agitation.    Next  decant  the  clear  liquid  from  each  tube 
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or  filter  if  necessary  and  by  the  biuret  test  tried  in  exactly  the  same 
way  on  equal  volumes  of  each  solution  ascertain  whether  the  albumin 
heated  dry  is  now  equally  as  insoluble  as  that  heated  moist.  To  another 
portion  of  each  solution  add  1  drop  10  per  cent,  acetic  acid  and  heat  to 
boiling.  Do  not  conclude  that  prolonged  heating  of  the  dry  protein  will 
be  equally  inactive,  as  the  solubilities  of  heat-coagulable  proteins  are 
distinctly  altered  by  heating  the  dry  proteins  at  100°  C.  for  periods  of 
one  hour  or  longer. 

Exercise  XVIII.    Methods  op  isolating  and  pkeparing  dippeeent 

KINDS   OP   PROTEINS. 

Experiment  66.     Preparation  of  simple  albumins  and  globulins. — 

For  this  work  we  shall  use  blood  serum  which  contains  both  these  pro- 
teins. To  obtain  blood  serum  ox  blood  is  collected  in  pans.  It  clots  and 
then  the  clot  shrinks,  squeezing  out  a  clear,  yellowish-colored  liquid 
called  the  serum.  This  serum  has  in  it  two  proteins,  or  groups  of  pro- 
teins, called  serum  globulin  and  serum  albumin. 

Obtain  100  c.c.  of  the  serum.  Test  its  reaction  to  litmus  paper  and 
TO  phenolphthalein.  It  is  usually  alkaline  to  litmus  and  acid  to  phenol- 
phthalein.  Test  its  specific  gravity  by  means  of  a  specific  gravity  bulb. 
For  this,  place  the  serum  in  a  measuring  cylinder  and  immerse  a  clean 
sp.  gravity  bulb  in  the  serum.  Eead  the  specific  gravity  from  the  neck 
of  the  sp.  gravity  bulb.  Record  the  results  in  your  notebook  for  future 
reference. 

(a).  Precipitation  of  the  globulins  by  dialysis. — The  serum  con- 
tains salts  (test  a  little  for  chlorides  and  phosphates)  and  these  salts 
hold  the  globulin  in  solution.  A  portion  of  the  globulin  is  precipitated 
if  these  salts  are  removed.  Place  100  c.c.  of  the  serum  in  a  parchment 
dialyzing  tube,  examining  the  tube  first  to  see  that  it  does  not  leak, 
and  dialyze  the  serum  for  24  hours  against  running  tap  water.  At  the 
end  of  that  time  remove  the  tube,  notice  if  there  is  in  it  a  deposit  of 
protein  and  pour  the  contents  into  a  clean  beaker.  A  portion  of  the 
protein  should  now  be  in  suspension  in  the  liquid.  This  portion  is  called 
euglobulin.  Remove  this  by  filtration,  through  a  small  folded  filter. 
Save  both  the  filtrate  and  the  precipitate.  After  filtration  take  some 
of  the  precipitate,  suspend  it  in  distilled  water.  It  will  not  dissolve. 
Now  add  to  the  suspension  a  crystal  of  sodium  chloride.  Both  salt  and 
euglobulin  dissolve.  This  illustrates  the  fact  that  globulins  are  insoluble 
in  distilled  water,  but  soluble  in  neutral  salts.  Test  the  solution  by  the 
biuret  test  to  make  sure  that  the  precipitate  was  protein  in  nature, 
and  boil  some  after  adding  1  drop  of  acetic  acid  to  see  that  it  is 
coagulated. 
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(b).  The  precipitation  of  globulins  by  salts. — Globulins  are  not 
only  insoluble  in  water ;  they  are  more  or  less  completely  precipitated  by 
half  saturating  their  solution  with  ammonium  sulphate,  and  some  are 
precipitated  by  saturation  with  sodium  chloride.  Fibrinogen  is  one  of 
these,  but  serum  globulin  is  not  thus  precipitated  by  NaCl.  The  filtrate 
from  (a),  that  is  the  dialyzed  serum,  still  contains  some  globulin,  indeed 
the.  greater,  part,  because  there  are  substances  in  the  serum  (phospho- 
lipins)  which  hold  the  globulin  in  solution  in  the  absence  of  salt.  The 
fact  that  this  globulin  is  there  can  be  shown  by  salting  it  out.  To  show 
this,  dilute  the  filtrate  with  an  equal  amount  of  distilled  water,  and 
theii  add  to  the  diluted  serum  an  equal  volume  of  saturated  ammonium 
sulphate  solution.  A  precipitate  of  globulin  appears  and  it  is  complete 
after  standing  for  some  hours.  The  solution  may,  if  necessary,  be  left 
covered  with  a  watch  glass  until  the  next  morning,  but  not  longer,  since 
concentration  of  the  sulphate  by  evaporation  will  precipitate  some  of 
the  albumin.  Filter  off  the  precipitate  of  serum  globulin,  and  wash  the 
precipitate  twice  with  half-saturated  (NH4)„S04,  saving  both  precipitate 
and  filtrate.  The  filtrate  contains  serum  albumin  and  is  used  in  (d). 
Test  the  precipitate  as  follows : 

(c).  Dissolve  the  precipitate  on  the  filter  with  some  distilled  water. 
There  is  generally  enough  salt  in  the  precipitate  to  bring  it  into  solu- 
tion. Make  a  biuret  test  in  a  little  of  the  solution.  Boil  about  3  e.e. 
of  the  remainder.  It  should  coagulate.  Keep  the  remainder  of  the  solu- 
tion for  comparison  with  the  albumin  solution. 

(d).  Preparation  of  serum  albumin. — The  filtrate  from  the  half- 
saturated,  diluted  blood  serum  in  (b)  contains  still  some  protein,  serum 
albumin.  To  separate  this,  saturate  the  solution  by  the  addition  of 
powdered  ammonium  sulphate.  Saturating  with  ammonium  sulphate 
in  a  faintly  acid  solution  removes  all  proteins  from  solution,  except  the 
peptones.  To  the  saturated  solution  add  enough  10  per  cent,  acetic 
acid  -to  have  the  resulting  solution  contain  1  per  cent,  acetic  acid.  In 
saturating  a  solution  with  a  solid  substance  this  substance  must  be 
added  in  a  finely  powdered  form  in  small  quantities  at  a  time  with  very 
frequent  (best  continual)  stirring  or  shaking  until  considerable  of  the 
solid  remains  undissolved.  Each  100  c.c.  of  half -saturated  (NH4)2SOi 
solution  will  dissolve  about  35  grams  (NH,)2S04.    Allow  to  stand  for 

2  to  24  hours,  then  filter  through  a  creased  filter  and  allow  to  drain 
as  well  as  possible.  Transfer  the  precipitate  to  50  c.c.  distilled  water, 
neutralize  toward  litmus  by  the  addition  of  10  per  cent.  NajCOs  solu- 
tion and  then  dialyze  until  free  from  sulphates.  Observe  the  same 
precautions  in  making,  the  test  here  as  above  in  the  preparation  of  serum 
globulin.    Remove  the  solution  from  the  tube  to  a  clean  beaker.    Test 

3  c.c.  of  the  solution  by  the  biuret  test  and  another  3  c,c.  heat  to  boiling. 
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If  it  does  not  coagulate,  take  another  3  c.c,  add  to  it  a  little  ammonium- 
sulphate  solution,  or  a  crystal  of  the  solid,  and  repeat. 

(e).  Having  made  the  above  tests,  secure  solid  serum  globulin  and 
albumin  in  a  coagulated  form  by  precipitating  the  solutions  with  alco- 
hol. To  do  this  pour  each  solution  into  an  equal  volume  of  95  per  cent, 
ethyl  alcohol.  If  the  solutions  are  very  poor  in  salts,  the  alcohol  does 
not  readily  precipitate  the  proteins,  but  a  milky  solution  may  result.  If 
this  happens,  add  to  the  alcohol  1  c.c.  of  10  per  cent,  acetic  acid  to  100 
c.c  of  alcohol  used.  Allow  to  settle,  filter  the  white  precipitate  through 
a  creased  filter,  or  through  a  small  suction  filter,  drain  weU  and  either 
dry  with  suction,  using  alcohol  and  ether,  or  spread  the  moist  precipi- 
tate in  a  thin  layer  on  a  watch  glass  and  dry  in  a  desiccator.  Test  the 
solubility  of  the  dry  powders  in  water  and  dilute  salt.  They  will  not 
dissolve.  They  have  been  coagulated,  changed  to  metaprateins  by  the 
action  of  the  alcohol.  Test  the  two  preparations  for  carbohydrate, 
tryptophane,  oxyphenyl  and  unoxidized  sulphur  groups. 

Experiment  67.  Preparation  of  edestin. — Grind  25  grams  hemp 
seed  to  a  fairly  fine  powder,  transfer  to  a  250-500  c.c.  flask  and  add 
200  c.c.  of  a  5  per. cent.  NaCl  solution,  previously  heated  to  60°  C.    Do 


Fia.  69. — Crystals  of  edestin.     (Osborne.) 


not  heat  above  65°  or  the  edestin  will  be  coagulated.  Keep  immersed  in 
a  bath  at  60-65°  C.  for  %  to  1  hour  with  very  frequent  stirring.  Prepare 
a  creased  filter,  and  just  before  beginning  the  filtration  moisten  the 
paper  with  5  per  cent.  NaCl  solution  heated  to  70°  C.  Filter  the  ex- 
traction until  about  100-150  c.c.  have  been  collected.  Warm  the  filtrate 
to  60-65°  C.  and  a  milky  solution  should  remain.  Now  cool  rapidly  by 
immersing  and  agitating  in  cold  tap  water  or  in  ice  water.  Allow  the 
crystals  to  settle  out  and  decant  the  supernatant  liquid.    Filter  off  the 
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white  or  grayish  solid,  redissolve  in  the  smallest  volume  of  5  per  cent. 
NaCl  solution  kept  at  60-65°  C.  and  allow  to  cool  very  gradually  by 
keeping  the  container  immersed  in  a  large  bath  kept  at  60-65°  C.  and 
then  allow  bath  and  all  to  cool  gradually.  The  next  day,  or  when 
cooled  to  room  temperature,  examine  the  crystals  with  a  microscope  (see 
figure  69),  filter  off  the  main  bulk  of  the  crystals  and  wash  with  95  per 
cent,  alcohol.  Spread  out  on  a  watch  glass  and  dry  in  a  desiccator. 
Test  portions  of  the  filtrate  by  boiling,  by  adding  an  equal  volume  of 
saturated  (NH4)2S04  solution  and  by  adding  a  few  drops  1.0  per  cent, 
acetic  acid.  Test  a  part  of  your  preparation  for  "  reduced  "  sulphur, 
for  histidine  and  for  tryptophane. 

Experiment    68.    Preparation    of    excelsin. — Excelsin,    a   globulin 
from  Brazil  nuts,  is  very  easily  obtained  crystalline  (see  Osborne,  The 


Fig.  70. — Crystals  of  excelsin.      (Osborne.) 


Plant  Proteins,  1909) .  The  ground-up  nuts  are  freed  from  fat  by  extrac- 
tion with  gasoline,  or  petroleum  ether,  or  benzene.  The  dried  powdered 
residues  are  then  extracted  with  10  per  cent.  NaCl.  The  excelsin  is 
dissolved.  Filter.  Dialyze  the  filtrate  against  water.  The  excelsin  will 
often  crystallize  out  in  the  dialyzer.  Crystals  are  small,  hexagonal  plates. 
Redissolve  the  precipitate  from  the  dialysis  tube  in  dilute  ammonium 
sulphate  and  precipitate  with  an  equal  volume  of  saturated  ammonium 
sulphate.  Filter,  redissolve  in  dilute  ammonium  sulphate  and  dialyze. 
The  excelsin  crystallizes  out  in  the  dialyzer.    Figure  70. 

Experiment  6g.  Preparation  and  properties  of  a  prolamine. 
Gliadin. — Preparation  of  gliadin.  To  100  grams  wheat  flour  gradually 
add  enough  water  to  make  a  thick  dough.  Then  knead  in  the  hand  in  a 
stream  of  cold  water  until  sdl  the  starch  is  washed  out.  Now  cut  the 
protein  into  small  pieces  with  a  knife  or  scissors  and  extract  twice  (Vg 
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hour  each  time)  with  200  c.c.  portions  of  boiling  70  per  cent,  alcohol, 
by  boiling  in  a  flask  on  the  steam  bath.  The  gliadin  dissolves  in  the 
alcohol.  Filter  hot  each  time  and.  evaporate  the  alcoholic  filtrates  to 
about  %  of  the  original  volume,  then  allow  to  cool  and  add  while 
stirring  10  c.c.  10  per  cent.  NaCl  solution.  Allow  to  settle  out,  filter 
off  and  dehydrate  with  cold  95  per  cent,  alcohol  in  the  usual  way. 

Carry  out  the  xanthoproteic,  biuret,  Millon  and  glyoxylic-acid  tests 
on  your  preparation. 

Experiment  70.  Preparation  and  properties  of  the  nucleoproteins. 
Nucleic  acid. — Nucleic  acid  is,  as  its  name  implies,  the  acid  of  the 
nucleus.  It  constitutes  the  part  of  the  chromatin  of  the  nuclei  which 
has  an  affinity  for  basic  stains.  It  is,  hence,  in  that  part  of  the  nucleus 
which  appears  as  chromosomes  in  cell  division,  and  it  is  this  substance 
which  the  histologist  by  his  basic  dyes  follows  in  his  study  of  inheritance 
and  mitosis.  Nucleic  acid  has  been  described  on  page  163.  It  yields, 
it  will  be  remembered,  phosphoric  acid,  purine  and  pyrimidine  bases 
and  a  carbohydrate  group.  Its  structural  formula  is  that  indicated  on 
page  172.  The  nucleic  acid  of  yeast  has  a  pentose  in  it,  d-ribose.  That 
of  the  thymus  gland  has  a  hexose  sugar.    Both  are  polynucleotides. 

Preparation  of  rmdeic  acid  from  compressed  yeast}  To  150  grams 
finely  divided  compressed  yeast  in  a  liter  beaker  add  450  c.c.  of  a  1.5 
per  cent.  NaOH  solution.  Stir  well  while  heating  on  a  boiling  water 
bath  and  digest  thus  for  30  minutes.  Stir  frequently.  "WJiile  still  hot 
filter  through  a  creased  filter  in  a  6-inch  funnel.  To  the  cooled  filtrate 
obtained  after  1  hour's  filtration  add  glacial  acetic  acid,  drop  by  drop, 
until  faintly  acid  to  litmus.  Stir  well  and  again  at  once  filter  through 
a  creased  filter.  Now  make  this  filtrate  slightly  alkaline  by  the  addition 
of  a  10  per  cent.  NaOH  solution.  Concentrate  on  the  water  bath  in  a 
porcelain  dish  to  about  one-half  of  the  original  volume.  Cool  this  solu- 
tion and  again  add  glacial  acetic  acid  until  just  acid  to  litmus.  Filter 
rapidly  again  if  necessary  and  then  pour  the  solution,  whUe  stirring, 
into  two  volumes  cold  95  per  cent,  alcohol  containing  1  c.c.  concentrated 
HCl  per  100  c.c.  alcohol.  Transfer  the  milky  solution  at  once  to  1-inch 
test-tubes  and  allow  to  settle  out  therein.  Decant  the  supernatant  alco- 
holic layer  from  the  separated  nucleic  acid  as  soon  as  possible  and  trans- 
fer all  of  this  solid  material  to  one  of  the  tubes,  using  in  all  50  c.c. 
95  per  cent,  alcohol  in  so  doing.  Mix  this  well  and  again  allow  to 
settle  out;  decant  the  supernatant  alcohol.  Again  add  50  c.c.  95  per 
cent,  alcohol  to  the  precipitate,  mix  well  and  allow  to  settle  out.    Repeat 

'  In  this  preparation  yeast  must  be  taken  which  is  free  from  starch.  Most 
compressed  yeast  now  contains  much  starch.  If  yeast  contains  starch,  the  starch 
must  be  removed  before  the  yeast  is  extracted  with  alkali,  as  the  starch  will  swell 
and  make  a  non-filterable  mixture  with  the  alkali. 
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this  treatment  with  95  per  cent,  alcohol  twice.  Finally  gradually  add 
50  c.c.  ether  to  the  precipitate  in  the  tube,  mix  well,  allow  to  settle  out 
and  decant  as  before.  Again  add  25  c.c.  ether,  mix  well  and  transfer 
rapidly  on  to  a  suction  filter  of  hardened  filter  paper  moistened  with 
alcohol.  Wash  twice  on  the  filter  with  25  c.c.  portions  of  ether.  Suck 
dry  by  suction.  When  dry  remove  from  the  paper  and  expose  on  a 
watch  glass  until  all  ether  is  removed.  Note  the  solubility  of 
your  product  in  water,  dilute  acids  and  bases.  Note  that  it  does  not 
coagulate  on  heating.  Carry  out  the  biuret  test  on  your  prepara- 
tion. Heat  a  small  amount  of  your  product  with  10  per  cent.  HjSO^ 
for  a  minute  or  two,  then  cool  and  apply  the  a-naphthol  test.  Test 
a  small  amount  also  for  organic  phosphorus,  as  given  under  phospho- 
lipin,  experiment  57.  Observe  the  precautions  in  the  digestion  with 
nitric  acid. 

Experiment  71.  Preparation  and  properties  of  the  secondary- 
derived  proteins. — In  this  group  are  the  products  of  hydrolytie  cleavage 
known  as  albumoses,  or  proteoses  and  peptones.  These  substances,  it 
will  be  recalled,  are  soluble  in  water,  not  coagulated  by  heat,  and  all 
but  the  peptones  are  separated  by  saturating  their  solutions  with  am- 
monium sulphate.  They  may  be  prepared  either  by  the  hydrolytie  action 
of  sulphuric  or  other  acids,  or  by  digesting  proteins  with  pepsin-hydro- 
chloric acid.  For  the  experiments  which  follow  obtain  the  materials 
from  the  storeroom.  Witte's  peptone  is  a  commercial  product  which 
consists  chiefiy  of  proto-  and  deutero-proteose.  There  is  relatively  little 
peptone  in  it.  Armour's  peptone  consists  chiefly  of  peptone,  with  little 
of  the  albumose. 

*  A.  Albumases.  Obtain  5  grams  of  Witte  's  peptone  and  dissolve 
it  in  100  c.c.  distilled  water  by  heating,  slightly  acidify  with  acetic  acid 
and  filter. 

1.  Take  about  1  c.c.  for  each  test  and  add  about  twice  the  volume 
of  water  and  test  the  solutions  for  tryptophane,  tyrosine,  unoxidized 
sulphur  and  by  the  biuret  and  xanthoproteic  and  Molisch  test.  Eecord 
your  observations. 

2.  To  separate  the  various  albumoses  mix  the  filtrate  in  a  beaker 
with  an  equal  volume  of  saturated  (NH4)2S04  (No.  7).  A  precipitate 
forms  which  sticks  to  the  rod  on  stirring.  Remove  this  from  the  solu- 
tion. It  is  prinvary  albumose  and  consists  of  a  mixture  of  proto-  and 
hetero-albumose.  Save  the  filtrate  which  contains  the  secondary 
albumoses. 

3.  Proceed  with  the  primary  albumoses.  Dissolve  them  in  a  little 
water. 

a.  Heat  to  boiling  a  portion  of  the  solution.    It  does  not  coagulate. 

b.  Acidify  slightly  with  acetic  acid  and  add  a  drop  of  ferrocyanide 
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of  potassium.     A  precipitate  is  formed.     Distinction  from  secondary 
albumoses. 

c.  Add  a  drop  of  copper-sulphate  solution.    A  precipitate  forms. 

d.  Add  a  few  drops  of  concentrated  nitric  acid,  A  precipitate 
forms  which  dissolves  on  heating. 

e.  Add  some  tannic  acid.    A  precipitate  forms. 

f .  Add  some  lead  acetate.    A  precipitate  forms. 

g.  Add  a  few  drops  of  sodium  or  potassium  bichromate.  A  pre- 
cipitate forms  if  the  solution  is  acid,  but  not  if  it  is  neutral. 

h.    Make  a  test  for  unoxidized  sulphur. 

*  4.  Secondary  albumoses.  Deutero-albumoses.  Thio-albumose, 
synalbumose,  etc.  To  the  filtrate  from  the  separation  of  the  primary 
albumoses  add  an  equal  volume  of  saturated  ammonium  sulphate  in  a 
beaker  and  stir.  Thio-albumose  (and  possibly  other  albumoses)  are  pre- 
cipitated.   Remove  the  precipitate ;  save  the  filtrate. 

Precipitate.  Tkio-albwmose.  Dissolve  the  precipitatie  in  a  little 
water  and  make  the  test  for  unoxidized  sulphur.  It  should  be  particu- 
larly strong.  Hence  this  is  called  thio-albumose.  Repeat  the  tests  a,  b, 
c,  d  of  the  preceding  experiment  with  this  albumose. 

Snyalbumose,  etc.  The  filtrate  or  the  solution  after  the  separation 
of  the  thio-albumose  is  saturated  while  warm  and  stirring  constantly  by 
the  addition  of  powdered  ammonium  sulphate.  The  remainder  of  the 
deutero-albumoses  separate  out  and  generally  stick  to  the  rod  or  the 
sides  of  the  beaker.  Pour  off  and  keep  the  solution.  Dissolve  the  pre- 
cipitate of  deutero-albumose  in  distilled  water,  and  test  small  portions 
as  follows: 

a.  Heat  to  boiling.    No  coagulation. 

b.  Biuret  test.    Pink  and  positive. 

c.  Acidify  slightly  with  acetic  acid  and  add  a  drop  or  two  of  potas- 
sium ferrocyanide.    No  precipitate.    Difference  from  protoproteose. 

d.  Add  a  few  drops  of  copper  sulphate.    No  precipitate. 

e.  Add  a  few  drops  of  nitric  acid.    No  precipitate  forms. 

f.  Add  a  few  drops  of  tannic  acid.    A  precipitate  forms. 

g.  Add  a  few  drops  of  lead  acetate  or  mercuric  chloride.  A  pre- 
cipitate forms. 

h.  Acidify  and  add  a  few  drops  of  potassium-bichromate  solution.: 
A  precipitate  forms. 

i.  Make  a  test  for  unoxidized  sulphur,  tryptophane  and  tiyo- 
sine.  How  do  they  compare  with  the  similar  tests  of  the  otlier 
albumoses? 

*B.  Peptone.  There  is  still  left  in  the  solution  which  has  been: 
saturated  with  ammonium  sulphate  some  substances  which  give  a  biuret 
test.    Test  some  of  the  solution  for  these  substances.    Use  40  per  cent, 
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NaOH  after  a  drop  or  two  of  CuSO^,  since  in  the  presence  of  so  much 
ammonium  sulphate  a  large  amount  of  NaOH  must  be  used.  A  pink 
biuret  test  shows  the  probable  presence  of  peptone.  To  isolate  the  pep- 
tone is  a  matter  of  diffteulty. 

Peptone.  Its  properties.  To  study  the  properties  of  peptone  take 
two  grams  of  Armour's  peptone  from  the  storeroom  and  dissolve  in  50 
c.c.  distilled  water. 

a.  Dilute  a  small  portion  and  make  in  it  the  usual  protein 
reactions. 

b.  Saturate  5  c.c.  with  powdered  (NH4)2S04.  There  will  be  little 
or  no  precipitate  showing  the  absence  of  all  albumoses. 

c.  Add  a  few  drops  of  picric  acid.  There  will  be  little  precipitate 
showing  the  absence  of  albumoses. 

d.  Add  a  few  drops  of  ferrocyanide  to  the  solution  slightly  acidified 
with  acetic  acid.    It  is  negative. 

e.  Add  to  the  solution  three  volumes  of  alcohol.  A  precipitate 
shows  that  the  peptones  are  not  soluble  in  strong  alcohol. 

f.  Add  a  few  drops  of  lead  acetate.  A  white  precipitate.  From 
these  reactions  it  appears  that  the  peptones  differ  from  the  albumoses 
in  their  solubility  in  saturated  ammonium  sulphate.  They  are  still 
precipitated  by  lead  acetate  and  tannic  acid,  and  these  reagents  are 
among  the  best  methods  of  separating  the  proteins  completely  from  a 
solution. 

Experiment  72.  Albuminoids. — A.  Gelatin.  Gelatin  is  in  reality 
a  derived  protein,  being  formed  by  the  partial  hydrolysis  of  the  sub- 
stance, collagen,  found  in  white  connective  tissue  and  in  the  ground 
substance  of  cartilage  and  bone.  A  very  pure  gelatin  may  be  obtained, 
also,  from  the  scales  of  fishes  after  the  removal  of  the  other  albuminoid, 
icthylepidin.  Take  some  of  the  2  per  cent,  solution  of  gelatin  and  make 
with  it  the  following  tests : 

a.  The  various  protein  reactions.  Observe  whether  the  sulphur, 
tyrosine  and  tryptophane  reactions  are  positive  or  negative. 

b.  Obtain  some  pieces  of  gelatin  from  the  storeroom.  Test  the  solu- 
bility of  some  small  pieces  in  cold  water.  They  swell  but  do  not  dissolve. 
Heat.  They  go  into  solution.  Cool  the  tube  under  the  tap.  If  the  solu- 
tion is  concentrated  enough,  it  will  set  or  gel.  This  is  the  best  test  for 
gelatin.  The  connective  tissues  of  the  invertebrates  do  not  yield  on 
boiling  with  water  any  substance  which  will  set  or  gel. 

b.  If  the  solution  is  very  dilute,  say  1  per  cent.,  the  solution  will 
not  gel.  Make  such  a  solution  or  obtain  some  of  the  stock  2  per  cent, 
solution  and  make  with  it  the  following  tests : 

c.  The  various  protein  reactions.  Observe  whether  the  sulphur, 
tyrosine  and  tryptophane  reactions  are  positive  or  negative. 
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d.  Is  gelatin  precipitated  by  half  saturating  the  solution  with 
ammonium  sulphate?  By  lead  acetate?  By  tannic  acid?  By  ferro- 
cyanic  acid?    By  picric  acid? 

e.  If  boiled  with  acid,  gelatin  loses  its  power  of  gelatinizing.  Make 
some  of  the  solution  distinctly  acid  by  adding  to  5  c.c.  of  a  10  per  cent, 
solution  1  c.c.  of  10  per  cent.  HCl,  heat  to  boiling  for  2  minutes  and 
then  cool  under  the  tap.  If  it  does  not  set,  neutralize  with  10  per  cent. 
NaOH  and  test  its  setting  powers.  If  it  sets,  reacidify  and  heat  again 
for  2  minutes. 

Exercise  XIX.    Quantitative  determination  of  nitrogen  and. 

PHOSPHORUS  IN  PROTEINS. 

Experiment  73.  Determination  of  the  amount  of  nitrogen  in  pro- 
tein bodies  by  the  Kjeldahl  method. — The  Arnold-Gunning  modification 
of  the  Kjeldahl  method.  Determine  the  nitrogen  in  a  sample  of  protein 
material  given  you  by  the  instructor.  When  you  have  made  the  de- 
termination, compare  your  results  with  the  correct  values  to  be  obtained 
from  the  instructor.  The  sample  given  you  is  probably  not  a  pure  simple 
protein,  but  a  mixture;  possibly  a  ground-up,  alcohol-extracted,  dried 
tissue. 

Procure  a  weighing  tube  of  the  unknown  substance  from  the  store- 
room. Transfer  the  contents  to  a  clean,  dry  75-100  c.c.  beaker  and  dry 
in  an  oven  at  100-105°  C.  for  1  hour;  then  remove  from  the 
oven,  break  up  any  caked  masses  which  may  have  formed,  transfer 
the  finely  divided  material  to  the  weighing  tube  and  again  dry 
for  1  hour  at  100-105°  C.  In  the  meantime,  if  your  desiccator  is  not 
already  in  good  condition,  clean  and  dry  same,  then  transfer  thereto 
fresh  granular  CaClj ;  also  apply  a  very  small  amount  of  vaseline  to  the 
desiccator  cover  to  make  it  tight.  After  drying  in  an  oven  for  1  hour, 
cool  the  loosely  stoppered  tube  in  the  desiccator.  Next  weigh  the  tube 
and  contents  carefully  on  an  analytical  balance,  then  transfer,  without 
loss,  about  0.5  gram  of  powder  to  a  clean,  dry,  500  to  800  c.c.  Kjeldahl 
flask,  stopper  the  tube  and  weigh  again  carefully.  Keep  all  these 
records  in  your  notebook  in  ink.  With  a  fine  jet  of  pure  water  wash 
down  the  powder  adhering  to  the  neck  of  the  flask  (use  as  little  water  as 
possible).  Add  5  grams  potassium  sulphate,  or  10  grams  crystalline 
Na2S04  20  c.c.  pure  concentrated  HjSO^  (Sp.  G.  1.84)  and  10  c.c.  of 
the  HgS04+CuS04  solution  (containing  1  gram  HgS04  a°d  1  gram 
CUSO4  per  10  c.c). 

Heat  on  the  digestion  shelf  until  the  water  has  been  removed,  then 
add  15  grams  more  of  potassium  sulphate  or  30  of  NaaSO^-lOHjO  and 
continue  the  digestion  for  2^/2-3  hours.    To  have  the  digestion  complete, 
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the  mixture  must,  however,  have  been  boiling  for  at  least  IV-i  hours  and 
the  hot  solution  left  must  not  be  colored  yellow,  but  simply  green, 
due  to  the  CuSO,.  After  the  digestion  is  complete,  remove  from  the 
digestion  shelf,  cool,  and  just  as  the  contents  of  the  flask  begin  to 
crystallize  gradually  add,  while  agitating  250  c.e.  distilled  water; 
stopper  loosely  and  set  aside  until  it  is  to  be  treated  as  indicated 
below. 

While  your  digestion  is  under  way,  clean  out  the  distilling  apparatus 
as  follows:  To  a  clean  800  c.c.  Kjeldahl  flask  transfer  300  c.e.  distilled 
water,  add  a  knife  point  of  granular  zinc,  connect  with  the  proper  dis- 
tilling bulb  and  distill  about  150  c.c.  into  a  clean  receiver.  Throw 
this  away  and  then  proceed  with  the  distillation  of  the  ammonia  as 
follows : 

Having  cleaned  and  prepared  the  distilling  apparatus,  measure  off 
exactly  25  c.c.  N/2H2SO4  into  a  250-300  c.e.  Erlenmeyer  flask  by  means 
of  a  'burette.  Place  the  flask  so  that  the  glass  adapter  end  of  the  distilling 
apparatus  is  just  sealed  by  the  acid.  Dry  the  Kjeldahl  flask  on  the 
outside  and  carefully  wipe  the  first  inch  of  the  inside  of  the  neck  of  the 
flask  with  a  piece  of  filter  paper  (this  is  done  to  insure  a  good  tight 
joint  with  the  rubber  stopper  later  on).  Add  a  small  knife  point  of 
granular  zinc  to  the  contents  of  the  fiask  to  insure  quiet  ebullition  and 
just  before  adding  the  alkali  and  steadily  (not  so  rapidly  as  to  mix 
the  liquids)  pour  down  the  side  of  the  neck  of  the  fiask  (avoid  moisten- 
ing the  first  inch  of  the  neck)  100  c.c.  of  the  special  40  per  cent. 
NaOH+KjS  solution  (see  page  860  for  directions  for  making)  in  such 
a  way  that  the  two  solutions  form  distinct  layers.  Now  rapidly  connect 
the  fiask  with  the  distilling  apparatus.  In  making  the  connection  do 
not  try  to  twist  the  stopper  into  the  flask,  but  hold  the  stopper  firmly 
and  twist  the  fiask  on  to  the  stopper.  Now  start  the  burner  with  a 
medium-sized  flame  and  at  once  rotate  the  flask  to  insure  thorough 
mixing  of  the  contents.  After  the  first  5-10  minutes'  heating  the  liquid 
can  be  boiled  rather  vigorously  until  about  150  c.c.  have  distilled  over. 
30  minutes'  rapid  distillation  should  suffice.  Then  lift  the  end  of  the 
adapter  out  of  the  distillate  by  lowering  the  receiving  conical  fiask  and 
continue  the  distilling  for  about  5  minutes  longer.  "Wash  off  the  tip  of 
the  adapter  with  a  jet  of  distilled  water,  the  washings  going  into  the  dis- 
tillate. Then  remove  the  conical  flask  and  turn  off  tJie  gas  last  of  all. 
Titrate  the  distillate  with  n/2  NaOH,  using  congo  red  as  indicator. 
Make  a  correction  of  about  0.5  c.c.  N/2  solution  for  the  ammonia  in  a 
blank  test.  Calculate  the  per  cent,  of  nitrogen  in  the  di'y  substance. 
This  has  been  determined  to  be  about  the  correction  necessary  for  an 
or.dina,ry  distillation  carried  out  in  this  way.  In  accurate  work  it  is 
necessary  to  make  a  blank  distillation  with  the  reagents  used  (H^SO,, 
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etc.)  to  determine  the  amount  of  ammonia  in  them.  1  c.e.  N/2H2SO4 
=  1  c.e.  N/2  NH.OH.    1  c.e.  N/2  NH.OH  contains  .007  gram  N. 

Experiment  75.  Determination  of  phosphorus  quantitatively  in 
nucleoproteins. — All  cells  contain  nucleoproteins  and  also  phospho- 
proteins,  so  that,  if  the  residue  after  exhausting  the  tissue  with  alcohol 
and  ether  is  examined,  it  will  be  found  to  contain  organically  bound 
phosphoric  acid.  Determine  what  per  cent,  of  phosphorus  there  is  in 
the  brain  residue  after  complete  extraction  by  alcohol  and  ether.  Obtain 
the  sample  of  the  tissue  from  the  storeroom.  This  is  the  residue  from 
completely  extracted  sheep's  brains  or  other  tissues  and  the  phosphorus 
content  has  been  determined  by  the  instructor.  The  Pemberton- 
Neumann  method  is  sufficiently  accurate  if  all  conditions  are  carefully 
observed.  It  is  more  rapid  than  the  magnesium-phosphate  method,  but 
not  so  reliable.  In  practice  it  must  be  frequently  controlled  by  gravi- 
metric determinations.  The  point  of  difficulty  seems  to  be  in  getting  the 
molybdate-phosphoric-acid  precipitate  to  have  always  the  same  com- 
position. 

Weigh  off  into  a  300  c.e.  Kjeldahl  flask  0.4  to  0.5  gram  of  the  sub- 
stance previously  dried  as  directed  in  the  Kjeldahl  method.  To  this 
then  add  5  c.e.  concentrated  H2SO4  and  heat  under  a  hood  over  a  free 
flame  until  well  charred.  From  a  separatory  funnel,  furnished  for  the 
purpose,  now  gradually  add,  drop  by  drop,  concentrated  HNO3  until 
the  char  has  disappeared.  CAUTION!  IN  HEATING  AFTER  ADD- 
ING THE  NITEIC  ACID,  OR  WHILE  ADDING  THE  ACID,  HOLD 
THE  MOUTH  OF  THE  FLASK  DIRECTED  AWAY  FROM  YOUR 
FACE  !  Heat  again  carefully  until  the  nitric  oxide  fumes  are  boiled  off. 
The  mass  will  char  again.  Repeat  in  the  same  way  the  gradual  addi- 
tion of  the  nitric  acid  and  the  heating  until,  after  the  last  addition  and 
heating,  white  fumes  of  sulphuric  acid  appear  and  there  is  no  further 
charring  of  the  liquid  contents  of  the  flask.  Heat  on  the  digestion  shelf 
for  about  10  minutes  longer.    Then  allow  to  cool. 

Next  transfer,  without  loss,  the  contents  of  the  flask  to  a  250  e.c. 
beaker  and  also  rinse  the  flask  5  times  with  15  c.e.  portions  distilled 
water,  adding  each  washing  to  the  beaker.  Gradually  add,  while  stir- 
ring, concentrated  NH4OH. until  the  solution  is  very  slightly  alkaline  to 
litmus,  then  add  sufficient  HNO3  to  make  the  solution  slightly  acid.  To 
this  solution  now  add  15  grams  NH4NO3  and  heat  to  65°  C. 

To  30  c.e.  ammonium  molybdate  solution  (see  below)  add  1.5  c.e. 
concentrated  HNO3  and  fllter,  then  add  this  to  the  above  solution  while 
stirring  and  keep  in  the  bath  at  65°  for  15  minutes. 

Filter  this  with  suction  through  a  prepared  asbestos  filter  in  a  Gooch 
crucible  (p.  893)  and  wash  beaker  and  precipitate  three  times  with  10 
per  cent.  HNO3.    Follow  this  by  5  washings  with  2  per  cent.  NH^NOj 
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solution.     All  of  this  manipulation  must  be  done  neatly  and  without 
loss.    See  that  your  filtrates  are  clear. 

Transfer  the  percipitate  and  asbestos  by  means  of  a  glass  rod  from 
the  crucible  to  a  beaker  in  which  the  precipitation  was  conducted.  Add 
exactly  20  c.c.  N/2  NaOH  measured  from  a  burette  or  pipette  to  the 
mass  in  the  beaker,  stir  with  a  glass  rod  and  remove  the  adhering  pre- 
cipitate from  the  funnel  by  means  of  a  drop  of  the  mixture  in  the 
beaker.  Finally  rinse  the  funnel  with  a  jet  of  distilled  water,  allowing 
the  washings  to  flow  into  the  beaker.  Stir  until  all  is  dissolved  and 
add  enough  water  to  make  about  100  c.c.  volume.  Add  phenolphthalein 
solution  (1  c.c.)  and  titrate  with  N/2  H2SO4.  Calculate  the  per  cent, 
of  phosphorus  in  the  dry  substance.  The  precipitate  obtained  above, 
if  the  instructions  as  to  time,  temperature  and  other  conditions  of  pre- 
cipitation are  followed,  is  of  the  formula  (NH4)3P04.12Mo03.  Each 
cubic  centimeter  of  the  N/2  NaOH  is  equivalent  to  0.674  milligram  phos- 
phorus. 

a.  The  ammonium  molybdate  solution  used  in  the  above  method  is 
made  as  follows:  Dissolve  100  grams  of  molybdic  acid  in  144  c.c.  of 
ammonium  hydrate,  sp.  g.  0.90,  and  271  c.c.  water;  slowly  and  with 
constant  stirring,  pour  the  solution  thus  obtained  into  the  mixture  of 
489  c.c.  of  nitric  acid  (sp.  gr.  1.42)  and  1,149  c.c.  of  water  contained  in 
a  large  porcelain  dish.  Keep  the  mixture  in  a  warm  place  for  several 
days^  or  until  a  portion  heated  to  40°  deposits  no  yellow  sediment,  and 
preserve  in  glass-stoppered  bottles.  Before  using  a  portion  of  this  solu- 
tion for  the  precipitation  of  PO4,  add  5  c.c.  con.  nitric  (sp.  gr.  1.42) 
to  each  100  c.c,  mix  well  and  filter. 

The  solution  may  also  be  made  by  mixing  489  c.c.  HNO3  (sp.  gr. 
1.42)  and  1,149  c.c.  HoO  in  a  large  porcelain  dish  (18-inch)  and  then 
pouring  into  this  while  stirring  a  solution  made  as  follows :  powder  121 
grams  ammonium  molybdate,  dissolve  in  355  c.c.  water,  stirring  fre- 
quently to  hasten  solution  and  then  add  60  c.c.  strong  ammonium  hydrate 
(sp.  gr.  0.90).  This  solution  is  then  poured  inio  the  nitric  acid  as 
indicated  above. 

Exercise  XX.    Van  Slyke  amino  nitrogen  determination. 

Experiment  76.  Determination  of  amino  nitrogen  by  the  Van 
Slyke  method.— (Van  Slyke,  Jour.  Biol.  Chem.,  12,  1912,  p.  275;  16, 
1913,  p.  121;  23,  1915,  p.  408.)  Principle.  Nitrous  acid  acting  on 
amino-nitrogen  sets  free  nitrogen  gas  which  is  collected  over  water  and 
its  volume  determined. 

RNH^  +  HNO^  =  EOH  -f  N^  -|-  H,0. 
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Fig.  71. — Van  Slyke  animo-nitrogen  apparatus. 
Fig.  72. — Detail  of  Van  Slyke  apparatus   (Van  Slyke). 
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There  are  two  forms  of  apparatus,  a  larger  and  smaller,  differing 
only  in  capacity. 

Process.  The  following  description  of  the  method  is  taken  from  Van 
Slyke,  Jour.  Biol.  Chemistry,  12,  1912,  pp.  277-284: 

"  The  structure  of  the  apparatus  and  the  manner  in  which  it  is 
set  up  are  apparent  from  the  accompanying  cut  and  photograph. 

D  is  of  40-45  c.c.  capacity,  A  of  about  35  c.c.  and  the  burette  B  of  10  c.c.  The 
wire  from  which  the  deaminizing  bulb  D  is  suspended  should  be  fairly  stiff,  and 
rigidly  fastened  in  position  from  above  so  that  the  loop  about  the  capillary  acts  as 
a  fixed  center.  A  is  then  so  placed  that  its  center  of  gravity  comes  near  this  center 
and  the  shaking  of  D  is  accomplished  with  a  minimum  motion  in  A,  and,  con- 
sequently, without  putting  a  dangerous  strain  on  the  tube  which  connects  A  with 
D.  This  tube  is  strong-walled  and  of  3  mm.  inner  diameter.  It  is  essential  that  the 
bore  of  cock  a  should  also  be  3  mm.  The  reason  for  this  is  that  during  the  analysis 
gas  containing  some  nitrogen  collects  in  the  tube.  Unless  a  is  of  as  wide  bore  as 
the  tube  the  liquid  from  A  may  flow  around  the  bubble  instead  of  forcing  it  into 
D  at  the  end  of  the  reaction.  The  cock  d  is  also  of  large  bore  in  order  to  facilitate 
emptying  D.  The  neck  connecting  D  and  B  must  be  of  at  least  8  mm.  inner  diameter 
in  order  to  allow  free  circulation  of  the  solution  in  D  up  to  the  cock  B.  The  small 
bulb  at  the  top  of  D  keeps  the  reacting  solution  from  splashing  into  the  capillary. 

In  order  to  insure  tightness  of  the  cocks  and  to  prevent  their  becoming  loosened 
by  vigorous  shaking  it  is  well  to  lubricate  them  with  a  paste  made  by  dissolving 
together  over  a  flame  one  part  of  rubber,  one  part  of  paraflSn  and  two  parts  of 
vaseline. 

The  structure  of  the  modified  Hempel  pipette  is  entirely  apparent  from  the 
photograph.  This  form  would  undoubtedly  facilitate  absorption  in  all  gas  analyses 
where  shaking  is  necessary. 

The  driving  wheel,  as  can  be  seen  from  the  photograph,  is  so  arranged  that  it 
can  be  used  alternately  to  shake  the  deaminizing  bulb  or  the  Hempel  pipette.  The 
driving  rod  is  sho^vn  in  position  for  shaking  the  deaminizing  bulb.  By  lifting  the 
rod  from  the  shoulder  of  D  and  placing  the  other  hook,  at  the  end  of  the  rod,  over 
the  horizontal  lower  tube  of  the  pipette,  the  power  is  transferred  to  the  latter. 
Rubber  tubes  drawn  over  the  hooks  at  the  end  of  the  driving  rod  and  those  from 
which  the  Hempel  pipette  is  suspended  make  the  apparatus  almost  noiseless.  For 
power  one  can  use  a  good  water  motor.  Still  more  convenient  is  a  small  electric 
motor,  particularly  when  connected  with  a  rheostat  enabling  one  to  regulate  the 
speed.  The  gearing  should  be  so  arranged  that  the  driving  wheel,  to  which  the 
driving  rod  is  eccentrically  attached,  makes  300  to  500  revolutions  per  minute.  The 
driving  rod  is  attached  about  1.5  cm.,  in  no  case  over  2  cm.,  from  the  center  of 
the  wheel. 

The  manipulation  is  in  principle  the  same  as  described  in  this 
Journal,  ix,  pp  189-91.  As  there  are  slight  variations  due  to  the  differ- 
ent form  of  the  present  apparatus,  however,  we  describe  the  present 
technique,  dividing  the  determination  into  three  stages  as  in  the  original 
description. 

1.  Displacement  of  air  iy  nitric  oxide.  Water  from  F  fills  the 
capillary  leading  to  the  Hempel  pipette  and  also  the  other  capillary 


PRACTICAL    WORK    AND    METHODS  937 

as  far  as  c.  Into  A  one  pours  a  volume  of  glacial  acetic  acid  sufficient 
to  fill  one-fifth  of  D.  For  convenience,  A  is  etched  with  a  mark  to 
measure  this  amount.  The  acid  is  run  into  D,  cock  c  being  turned  so  as 
to  let  the  air  escape  from  Z>.  Through  A  one  now  pours  sodium  nitrite 
solution  (30  gms.  NaNO,  to  100  c.c.  H^O)  until  D  is  full  of  solution 
and  enough  excess  is  present  to  rise  a  little  above  the  cock  into  A. 
It  is  convenient  to  mark  A  for  measuring  oi?  this  amount  also.  The  gas 
exit  from  D  is  now  closed  at  c,  and,  a  being  open,  D  is  shaken  for  a  few 
seconds.  The  nitric  oxide,  which  instantly  collects,  is  let  out  at  c,  and 
the  shaking  repeated.  The  second  crop  of  nitric  oxide,  which  washes 
out  the  last  portions  of  air,  is  also  let  out  at  c.  B  is  now  connected 
with  the  motor  and  shaken  till  all  but  20  c.c.  of  the  solution  have  been 
displaced  by  nitric  oxide  and  driven  back  into  A.  A  mark  on  D  indi- 
cates the  20  c.c.  point.  One  then  closes  a  and  turns  c  and  /  so  that  D 
and  F  are  connected.  The  above  manipulations  require  between  one  and 
two  minutes. 

2.  Decomposition  of  the  amino  substance.  Of  the  amino  solution 
to  be  analyzed  10  c.c.  or  less,  as  the  case  may  be,  are  measured  oif  in  B. 
Any  excess  added  above  the  mark  can  be  run  off  through  the  outflow 
tube.  The  desired  amount  is  then  run  into  Z>,  which  is  already  con- 
nected with  the  motor,  as  shown  in  the  photograph.  It  is  shaken,  when 
a -amino-acids  are  being  analyzed,  for  a  period  of  three  to  five  minutes. 
With  a-amino-acids,  proteins  or  partially  or  completely  hydrolyzed  pro- 
teins, we  find  that  at  the  most  five  minutes'  vigorous  shaking  completes 
tlie  reaction.^  Only  in  the  cases  of  some  native  proteins  which,  when 
deaminized,  form  unwieldy  eoagula  that  mechanically  interfere  with  the 
thorough  agitation  of  the  mixture,  a  longer  time  may  be  required.  In 
case  a  viscous  solution  is  being  analyzed  and  the  liquid  threatens  to  foam 
over  into  F,  B  is  rinsed  out  and  a  little  caprylic  alcohol  is  added  through 
it.  For  amino  substances,  such  as  amino-purines,  requiring  a  longer 
time  than  five  minutes  to  react  (cf.  p.  191,  former  article),  one  merely 
mixes  the  reacting  solutions  and  lets  them  stand  the  required  length  of 
time,  then  shakes  about  two  minutes  to  drive  the  nitrogen  completely 
out  of  solution. 

When  it  is  known  that  the  solution  to  be  analyzed  is  likely  to 
foam  violently,  it  is  advisable  to  add  caprylic  alcohol  or  kerosene  through 
B  before  the  amino  solution.  B  is  then  rinsed  with  alcohol  and  dried 
with  ether  or  a  roll  of  filter  paper  before  it  receives  the  amino  solution. 

3.  Absorption  of  nitric  oxide  and  measurement  of  nitrogen.     The 

'  Only  95  per  cent,  of  the  lysine  nitrogen  reacts  in  five  minutes,  but  the 
remaining  one-twentieth  of  the  lysine  nitrogen  is  a  practically  negligible  propor- 
tion of  the  total  nitrogen  of  a  complete  protein. 
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reaction  being  completed,  all  the  gas  in  D  is  displaced  into  F  by  liquid 
from  A  and  the  mixture  of  nitrogen  and  nitric  oxide  is  driven  from  F 
into  the  absorption  pipette.  Solution  in  absorbing  pipette  is  KMnOi  50 
grams  +  25  KOH  (or  18  grams  NaOH)  in  one  liter.  The  driving  rod  is 
then  connected  with  the  pipette  by  lifting  the  hook  from  the  shoulder  of 
d  and  placing  the  other  hook,  on  the  opposite  side  of  the  driving  rod, 
over  the  horizontal  lower  tube  of  the  pipette.  The  latter  is  then  shaken 
slowly  by  the  motor  for  a  minute,  which,  with  any  but  almost  com- 
pletely exhausted  permanganate  solutions,  completes  the  absorption  of 
nitric  oxide.  The  pure  nitrogen  is  then  measured  in  F.  During  the 
above  operations  a  is  left  open,  to  permit  displacement  of  liquid  from  D 
as  nitric  oxide  forms  in  D. 

Testing  completeness  of  reaction.  Particularly  when  the  mechanical 
shaker  is  used,  there  is  little  danger  of  failing  to  obtain  a  complete 
evolution  of  nitrogen.  The  point  may  be  tested,  however,  as  follows. 
The  nitrogen  from  F  is  driven  out  at  c;  a  is  closed  and  D  connected  with 
F.  The  gas  which  has  formed  in  the  nitrous-acid  solution  in  D  during 
the  absorption  of  the  nitric  oxide  and  measurement  of  nitrogen  is  shaken 
out  and  driven  over  into  F  and  then  into  the  Hempel  pipette  as  before. 
After  absorption  of  the  nitric  oxide,  the  gas  left  should  not  measure  more 
than  that  obtained  in  blank  tests,  usually  less  than  0.1  c.c.  After  the 
gas  has  all  been  forced  from  D  over  into  F  at  the  end  of  the  reaction, 
the  nitrous  solution  is  run  out  from.  D,  by  opening  d,  through  a  tube 
leading  to  a  drain.  B  is  rinsed  and  dried  with  a  roll  of  filter  paper  or 
with  alcohol  and  ether  and  the  apparatus  is  immediately  ready  for  use 
again. 

Blank  determinations,  performed  as  above  except  that  10  c.c.  of 
distilled  water  replaces  the  solution  of  amino  substance,  must  be  per- 
formed on  every  fresh  lot  of  nitrite  used.  The  amount  of  gas  obtained 
on  a  five-minute  blank  is  usually  0.3  to  0.4  c.c,  with  very  little  increase 
for  longer  tests.  Nitrite  giving  a  much  larger  correction  should  be  re- 
jected. 

The  following  determinations,  performed  with  an  ^  solution  of 
leucine,  indicate  the  speed  of  the  reaction.  The  correction  applied  for 
reagents  was  0.40  c.c.  Ten  cubic  centimeters  of  -nr  leucine  solution, 
containing  14.01  mgs.  of  nitrogen,  were  used  for  eaehi  determination. 


Time  of 
reaction 

N 

Temperature 

Pressure 

N  obtained 

N  obtained  m 

second  sliikiiv. 

of  solution 

Total  N 
ulitaine^ 

Minutes 

2 

3 

4 

10 

O.c. 
24.38 
24.65 
24.80 
25.07 

Degrees 
23 
22 
22 
24 

Mm. 
762 
762 
762 
762 

Mgt. 

13.71 

13.93 

14.01. 

14.03 

Co. 
0.45 
0.20 
0.00 
0,00 

Mgs. 
13.97 
14.03 
14.U1 
14.03 
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The  driving  wheel  was  making  300  revolutions  per  minute.  At 
speeds  of  400  or  500  revolutions  the  reaction  can  be  driven  to  completion 
in  three,  or,  with  higher  room  temperature,  in  two  minutes. 

The  rate  of  reaction  of  ammonia  is  shown  in  the  following  table. 
Tea  c.c.  portions  of  yV  ammonium  sulphate  solution,  containing  28.02 
mgs.  of  nitrogen  each,  were  used. 


Time  of 
reaction 

N 

Temperature 

Pressure 

Weight  of  N 

Per  cent,  of 

lotal  ammonia 

nitrogen 

Minutes 
3 
5 
10 

C.c. 
12.1 
18.4 
31.5 

Degrees  0. 
24 
24 
24 

Mm. 
752 
752 
752 

Ms/s. 

6.86 

10.16 

17.38 

21.6 
36.3 
62.1 

As  pointed  out  before,  ammonia  reacts  slowly  compared  with  the 
amino-acids.  For  accurate  determination  of  NH^  nitrogen  in  digesting 
solutions,  etc.,  it  is  advisable  to  first  remove  the  ammonia;  although  good 
comparative  results  can  be  obtained,  in  the  presence  of  the  relatively- 
small  proportion  of  ammonia  usually  present,  if  reaction  conditions  of 
time,  temperature  and  concentration  of  solutions  are  kept  constant,  so 
that  the  proportion  of  the  ammonia  decomposed  is  the  same  in  each  de- 
termination. The  ammonia  can  be  conveniently  removed  and  deter- 
mined by  distillation  with  Ca(0H)2  under  diminished  pressure,  as  de- 
scribed on  page  21,  Vol.  X,  of  this  Journal.  After  the  distillation  the 
excess  Ca  (OH) 2  is  dissolved  with  acetic  acid.  It  is  essential  that  all 
the  ethyl  alcohol  should  be  distilled  off,  as  it  decomposes  nitrous  acid 
with  formation  of  large  volumes  of  gases  which  can  be  removed  with 
permanganate  only  with  difficulty  and  by  the  use  of  perfectly  fresh 
permanganate  solution.  The  point  at  which  the  alcohol  has  all  been 
boiled  off  is  usually  indicated  when  the  solution  begins  to  foam  in  the 
distilling  flask. 

The  following  results  were  obtained  with  lysine  picrate.  Lysine,  as 
previously  stated,  reacts  more  slowly  than  the  other  amino-acids  be- 
cause it  contains  not  only  an  a-amino  group,  but  also  an  co-amino  group. 
In  the  fifteen-  and  thirty-minute  determinations  the  solution  was  shaken 
only  during  the  last  five  minutes. 


Weight  of 
lysine  picrate 

Time  of 
reaction 

N 

Temperature 

Pressure 

NH,-K 
found 

NH,-N 
calculated 

(}ram 
0.200 
0.200 
0.200 

Minutes 

5 

15 

30 

C,c. 

25.4 

'      26.7 

2C.7 

Degrees  0. 
24 
24 
24 

Mm. 
764 
764 
764 

Per  cent. 
7.13 
7.49 
7.49 

Percent. 

7.47 
7.47 
7.47 

Solutions  to  be  analyzed  should  be  free  of  ethyl  alcohol  and  acetone. 
These  substances  when  mixed  with  nitrous  acid  give  off  gases  or  vapors 
which  are  with  difficulty  absorbed  by  the  permanganate. 
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Amyl  alcohol,  which  m  the  original  description  of  the  amino  method 
was  recommended  to  prevent  the  foaming  of  viscous  solution,  must  he 
replaced  for  this  purpose  by  caprylic  alcohol  [Kahlbaum's  "  octyl- 
alkohol  (sekundar)I  "].  Amyl  alcohol,  boiling  at  131°,  has  the  dis- 
advantage of  a  very  noticeable  vapor  tension.  Permanganate  solution 
apparently  possesses  the  power  to  absorb  sliglit  amounts  of  amyl  alcohol 
vapor.  Particularly  on  hot  days,  however,  and  when  relatively  much  of 
the  alcohol  is  used,  it  is  necessary  to  change  the  permanganate  with 
every  analysis  or  else  reduce  the  volume  of  gas  observed  by  multiplica- 
tion with  an  empirically  determined  factor. 

For  convenience  in  calculating  results  the  following  table  is  ap- 
pended. The  figures  are  calculated  by  dividing  by  2  those  for  moist 
nitrogen  given  by  Gattermann  in  the  Praxis  des  organischen  Chemikers, 
ninth  edition.  They  represent  the  weights  of  amino-nitrogen  in  milli- 
grams which  correspond  to  1  c.c.  of  nitrogen  gas,  obtained  by  the  action 
of  nitrous  acid  and  measured  over  water,  at  the  temperatures  and  at- 
mospheric pressures  indicated." 

Van  Slyke  micro-apparatus  for  amino-nitrogen. — The  smaller 
apparatus  has  the  following  dimensions :  gas  burette,  10  c.c.,  the  upper 
part  measuring  0.02  c.c.  The  deaminizing  bulb  is  11-12  c.c.  and  the 
10  c.c.  burette  is  replaced  by  one  of  2  c.c,  only  10  c.c.  of  nitrite 
solution  and  2.5  c.c.  acetic  acid  are  required  and  the  correction  for  the 
reagents  is  0.06-0.12  c.c,  according  to  the  quality  of  the  nitrite  used. 
"  With  the  micro-apparatus  the  error  need  not  be  more  than  0.005  mg. 
of  N  when  2  c.c  or  less  of  N  gas  are  measured.  One  can  analyze  l/5th 
of  llie  amount  of  substance  needed  for  the  larger  apparatus.  0.5  mg.  of 
amino  N  can  be  measured  to  an  accuracy  of  1  per  cent.  The  only 
change  of  procedure  from  that  already  described  is  in  the  speed  at  which 
the  deaminizing  bulb  is  shaken  and  the  Hempel  pipette.  The  deaminiz- 
ing bulb  should  be  shaken  at  a  very  high  rate  of  speed ;  about  as  fast  as 
the  eye  can  follow,  or  an  unnecessary  amount  of  time  is  lost  in  freeing 
the  apparatus  from  air.  This  stage  is  accelerated  by  warming  the  nitrite 
solution  to  30°  before  it  is  used.  During  the  absorption  of  the  nitric 
oxide  the  Hempel  pipette  should  be  shaken  not  faster  than  twice  per 
second.  Because  of  the  small  amount  of  nitrogen  to  be  measured  it  is 
especially  necessary  that  the  removal  of  air  in  the  first  stage  be  com- 
plete. This  is  assured  by  shaking  the  solution  in  the  deaminizing  bulb 
back  each  time  in  this  stage  until  the  bulb  is  two-thirds  filled  with 
nitric  oxide.  The  hook  or  wire  loop  from  which  the  deaminizing  bulb  is 
suspended  should  be  perfectly  rigid  and  hold  the  capillary  outlet  tube 
tightly.  Binding  the  tube  to  the  holder  with  a  strip  of  rubber  band  is  a 
satisfactory  method  of  insuring  a  firmly  held  apparatus."  "  Clean  whole 
nppa^atus  with  bichromate-sulphuric-acid  mixture.    For  especially  ae- 
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curate  results  measure  the  amino-acid  solution  with  an  Ostwald  1  or 
"  c.c.  pipette  graduated  to  deliver  between  0.001  and  0.002  e.c.  into  the 
2  e.c.  burette  and  wash  the  burette  twice  with  6  or  7  drops  of  water  dis- 
tributed about  the  entire  inner  walls  of  the  burette  for  each  washing. ' ' 

Milligrams  of  Amino  Nitkogen  Corbesponding  to  1  c.c.  of  Nitbogen  Gas  at 
U°-30°  C;  728-772  mm.  Pbessuee.* 


t 

728 

730 

732 

734 

736 

738 

740 

742 

744 

746 

748 

750 

11° 

0.5680 

0.5695 

0.5710 

0.5725 

D..^745 

0.5760 

0.5776 

0.5790 

0.6805 

0,6820 

0.8840 

0.5856 

Vi" 

0.5655 

0.5670 

0.5BH5 

0.5700 

0.5730 

0.6735 

0.5750 

0.5765 

0.5780 

0.5795 

0  6K15 

0.5830 

13° 

0.5630 

0.56J5 

0,5660 

0.5675 

0.5695 

0.5710 

0.5726 

0.6740 

0  5755 

0.5770 

0.57^5 

0  6806 

14° 

0.5005 

0.5630 

0.5635 

0.5650 

0.5665 

0  5680 

0.5700 

0.5715 

0.5730 

0.5745 

0.6760 

0  5775 

15° 

0.5580 

0.5595 

0.6610 

0.5625 

0  5640 

0  6655 

0.6670 

0.5685 

0.6705 

0.5780 

0.8735 

0  6;60 

1fi° 

0.5555 

0.5570 

0.5585 

0.5600 

0  5615 

0.6630 

0.5645 

0.5660 

0,5675 

0.5690 

0  6710 

0.57i6 

17° 

0.5525 

0.5540 

0.5655 

0.5575 

0.5590 

0.6606 

0,5620 

0.5633 

0.6650 

0.5665 

0.5680 

0  5696 

18° 

0.5.M0 

0.5515 

0.6530 

0.5545 

0.5560 

0  5680 

0.5695 

0.5610 

0.5635 

0.5640 

0.5656 

0.5070 

11° 

0.5475 

0.5490 

0.5503 

0.5530 

0.5535 

0.5560 

0.65B5 

0.5680 

0.5696 

0.6610 

0.6630 

0.5646 

20° 

0.5445 

0.5460 

0.5475 

0.5495 

0.5310 

0.5525 

0.5540 

0.6555 

0.5570 

0.5685 

0.5600 

0  5615 

81° 

0.5430 

0.5435 

0.5450 

0  54ii6 

0.5480 

0.5495 

0.5510 

0.5526 

0.5640 

0.5555 

0.6575 

0.5590 

83° 

0.5395 

0.8410 

0.5425 

0  5440 

0.5455 

0  5470 

0.5485 

0.5500 

0.5515 

0.5530 

0  5545 

0.6500 

83° 

0.5365 

0.5380 

0.5395 

0.5410 

0.5485 

0  3440 

0.5465 

0.5470 

0.5485 

0.5600 

0,6616 

0.5630 

84° 

0.5335 

0..'i350 

0.5365 

0  5380 

0  5400 

0.5415 

0.6430 

0.5445 

0.5460 

0.5476 

0.5490 

0..6506 

25° 

0.5310 

0  5325 

0.5340 

0  5335 

0.5  170 

0  5386 

0  5400 

0.6416 

0.6430 

0.6445 

0  5460 

0  5475 

811° 

0.5860 

0.5-J95 

0.5310 

0  .3335 

0,5340 

0.5335 

0.5370 

0  5365 

0.6400 

0.5415 

0.6480 

0.5445 

87° 

0.52.i0 

0.5865 

0.5880 

0,5293 

0.5310 

0.5325 

0.6340 

0.3355 

0.5370 

0.6.S86 

0.6400 

0.6415 

aM° 

0..)i80 

0.5335 

0..6250 

0.5265 

0.5380 

0.5295 

0.5310 

0.5325 

0.6340 

0.5355 

0.5370 

0.6386 

an° 

0.5105 

0.5210 

0.5380 

0  5235 

0  5830 

0.6865 

0.5280 

0.5896 

0.5310 

0.5325 

0  6340 

0  5355 

30° 

0.5160 

0.5175 

0.5190 

0  5305 

0.5380 

0.3336 

0.5850 

0  5365 

0.6280 

0.5296 

0.5310 

0.5325 

( 

728 

730 

732 

734 

736 

738 

740 

742 

744 

746 

748 

750 

t 

752 

754 

756 

768 

760 

762 

764 

766 

768. 

770 

772 

1.1° 
13° 
13° 
14° 
15° 

0.5870 
0.6846 
0.6820 
0.5790 
0.5765 

0.5886 
0.5860 
0.5836 
0.6805 
0.6766 

0.5900 
0.5875 
0.6850 
0.5825 
0.6796 

0.5915 
0.6890 
0.6865 
0.6840 
0  5810 

0.5936 
0.5906 
0.5880 
0.6855 
0.5830 

0.5950 
0.5925 
0.5896 
0.5870 
0.6845 

0.5965 
0  5940 
0.5910 
0.6885 
0  5860 

0.5980 
0.5955 
0  6930 
0  6900 
0.5875 

0.8995 
0.5970 
0.6945 
0.5916 
0  5890 

0.6010 
0.5985 
0  6960 
0.5935 
0.6906 

0.6030 
0.6000 
0.5976 
0.5950 
0,6920 

::::.... 

16° 
17° 
18° 
19° 
20° 

0.5740 
0.5710 
0.6685 
0.5660 
0  5630 

0.6755 
0.5730 
0.6700 
0.6675 
0.5645 

0.6770 
0.5745 
0.6715 
0.5690 
0  6660 

0.5785 
0.5760 
0.6730 
0.6705 
0.6675 

0.6800 
0.5775 
0.5745 
0.5780 
0.5690 

0.5816 
0.6790 
0.5765 
0  57.35 
0.5705 

0.6830 
0.5805 
0.6780 
0.5750 
0.5723 

0.5850 
0.6820 
0.5795 
0  6766 
0  .3740 

0.5865 
0.5825 
0.58JO 
0.5780 
0.5765 

0  5880 
0.6850 
0.6886 
0.5795 
0.5770 

0.5895 
0.5865 
0.5840 
0.5810 
0.5785 

■■•■•• 

21° 
88° 
23° 
84° 
85° 

0.6605 
0.6576 
0.6545 
0.6580 
0.6490 

0.56iO 
0.5690 
0.6560 
0.5536 
0.5505 

0.5635 
0.6605 
0.5576 
0.5650 
0.6520 

0  5650 
0.5630 
0.5595 
0.5565 
0.5635 

0.5666 
0.5635 
0,5610 
0.5580 
0.5650 

0.6680 
0.5650 
0.6625 
0.5595 
0.6565 

0.6695 
0.5665 
0.5640 
0.5610 
0.5580 

0,6710 
0.3680 
0,5666 
0.6625 
0.5595 

0.6726 
0.5695 
0.6670 
0.6640 
0.5610 

0.5740 
0  5715 
0  5685 
0.5665 
0.5635 

0.5766 
0.5730 
0  5700 
0.5670 
0.5640 

26° 
27° 
88° 
29° 
30° 

0.5460 
0.5430 
0.5400 
0.5370 
0  53  W 

0.5475 
0.6445 
0.6415 
0  5385 
0  6355 

0.5490 
0.5460 
0.5430 
0  5400 
0.5370 

0.5505 
0.6476 
0.6445 
0.5416 
0.6385 

0.5520 
0.5490 
0.6460 
0.5430 
0.5400 

0.5536 
0.6605 
0.5475 
0.5415 
05416 

0.5550 
0.5520 
0.6490 
0.5460 
0.5430 

0.5566 
0.6536 
0  5506 
0.5475 
0  5445 

0  5580 
0.6550 
0.5520 
0.6490 
0  6460 

0.6696 
0..5565 
0  6536 
0.5505 
0.6476 

0.6610 
0.6680 
0.5560 
0.5620 
0.5490 

t 

752    1    754 

756 

758 

760 

762 

764 

766 

768 

770 

772 

*  Journal  of  Biological  Chemistry,  xii,  No.  2.     Van  Slyke:   The  Quantitative 
Determination  of  Amino  Groups.    II. 

Exercise  XXI.    Preparation-  of  Tryptophane, 

Experiment  77.  Tryptophane  from  casein.  (Hopkins  and  Cole: 
Jowr.  Physiol.;  Dakin:  Biochem.  Jour.,  12,  1918.)  Dissolve  200  grams 
casein  in, 2  liters  of  .3  per  cent.  NasPQa.    Adjus.tthe  alkalinity  so  that 
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the  most  favorable  H  ion  concentration  for  trypsin  exists,  i.e.,  about 
Pg  =8.1.  Add  an  active  pancreatic  powder  (pancreatine)  about  2  grams 
and  digest  for  4  days  at  37°  C.  in  a  stoppered  flask  to  which  toluene  has 
been  added  to  prevent  putrefaction.  At  the  end  of  4  days  add  another 
two  grams  of  pancreatine  and  put  back  for  another  four  dayS;  Acid 
hydrolysis  cannot  be  used  if  tryptophane  is  desired,  since  this  amino- 
acid  is  destroyed  by  acids.  The  mixture  is  then  heated  to  80°  C.  and 
filtered.  To  the  clear  filtrate  add  concentrated  H2SO4  about  15  to  18  c.c. 
Allow  to  stand  and  if  a  precipitate  appears  filter  it  off  (CaSOi).  Pre- 
cipitate the  tryptophane  as  follows:  To  the  filtrate  add  with  brisk 
stirring  about  200  c.c.  of  the  mercuric  sulphate  reagent  made  as  de- 
scribed below.  This  should  be  added  until  precipitation  begins  and 
then  an  additional  quantity  of  about  50  c.c.  This  precipitates  trypto- 
phane, cystin  and  some  other  substances  in  small  amounts.  Allow  to 
stand  in  a  cool  place  for  12  hours  or  more  for  the  precipitate  of  a  yellow 
lemon  color  to  settle.  Filter,  using  suction.  Wash  the  precipitate  with 
5  per  cent.  H2SO4  until  the  washings  are  free  from  Millon  reaction  or 
at  best  give  but  a  brownish  yellow  color.  Suspend  the  precipitate  in 
about  500  c.c.  water  and  pass  HjS  until  decomposition  is  complete.  Do 
not  heat  on  water  bath.  Filter  from  the  mercuric  sulphide,  and  re- 
saturate  the  filtrate  with  HjS  to  make  sure  the  decomposition  is  complete 
and  all  mercury  removed.  Suspend  the  precipitate  of  HgS  in  water 
and  pass  HjS  until  saturated.  This  is  done  to  make  sure  that  all  the 
tryptophane  is  removed  from  the  ppt.  Filter  and  add  the  filtrate  to 
the  original  filtrate  which  has  been  resaturated.  Remove  HjS  from  the 
solution  by  aeration  with  a  lively  current  of  air  at  room  temperature. 
Remove  the  HaSO,  by  the  addition  of  exactly  enough  Ba(0B[)2  solution, 
filter  from  the  BaS04  (avoid  any  excess  of  Ba(0H)2),  concentrate  on 
the  water  bath  to  about  30  e.e.  under  reduced  pressure. 

Extraction  of  the  tryptophane.  From  here  on  proceed  by  the  Dakin 
method.  Place  the  solution  in  a  small  extraction  flask  of  a  Steudel- 
Kutseher  extraction  apparatus  arranged  as  in  figure  73.  The  solution 
is  placed  in  flask  A  and  in  flask  B  there  is  placed  200  c.c.  of  butyl 
alcohol.  Heat  the  butyl  alcohol  flask  by  a  low  flame  and  start  the 
extraction.  The  extraction  should  be  continued  for  about  12  hours. 
Tryptophane  begins  to  crystallize  out  in  flask  B  in  about  1  hour.  The 
yield  should  be  about  1.75  per  cent,  of  the  weight  of  the  casein  taken. 
When  the  extraction  is  complete,  cool  the  flask  and  allow  to  stand. 
Pour  off  the  residual  butyl  alcohol  from  the  crystals,  filter  off  the 
crystals,  using  a  small  suction  fllter,  and  wash  the  crystals  with  ether. 

Purification.  The  tryptophane  thus  obtained  is  almost  pure  and  may 
be  purified  by  a  single  crystallization  from  dilute  alcohol.  Dissolve  the 
crystals  in  a  minimal  quantity  of  hot  distilled  water,  add  an  equal  bulk 
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of  90  per  cent,  alcohol,  a  little  animal  charcoal,  heat  to  boiling  a  moment 
and  filter  boiling  hot  with  suction.  Transfer  to  a  crystallizing  dish  or 
beaker  and  concentrate  on  the  water  bath,  adding  from  time  to  time  a 
little  90  per  cent,  alcohol  until  crystallization  begins.    EJemove  and  allow 


FiQ.  73. — Kutscher-Steudel  extractor.    Extractor  Is  A  ;  flask  to  right  Is  B. 


to  cool  and  crystallize.    Filter  on  small  suction  filter  plate.    Fine,  white, 
pearly  plates. 

Mercuric  sulphate  reagent  for  precipitation  of  tryptopJiane.  (Hop- 
kins and  Cole.)  250  c.c.  eon.  H2SO4  added  to  4750  c.c.  HjO.  500  grams 
HgSOl  are  weighed  out.  50  grams  at  a  time  are  ground  up  in  a  mortar 
with  the  dilute  acid  and  poured  into  a  five  liter  flask  containing  the 
greater  part  of  the  acid.    This  is  repeated  until  all  of  the  salt  is  trans- 
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f erred  to  the  flask  with  the  acid.    Stir  briskly  for  a  brief  time  and  allow 
to  settle.    Pour  off  the  reagent  and  filter  from  the  precipitate. 

Exercise  XXII.    Isolation  of  amino-acids  by  the  Dakin  method. 
(Dakin:  Biochem.  Jour.,  xii,  1918,  pp.  290-317.) 

Experiment  78.  Separation  of  amino-acids  by  percolation  with 
butyl  alcohol. — Principle.  The  completely  hydrolyzed  protein  is  ex- 
tracted in  a  continuous  extraction  apparatus  by  butyl  alcohol.  The 
proline  and  practically  the.  whole  of  the  monoamine  acids  are  extracted  by 
the  alcohol,  leaving  the  diamino  and  the  dicarboxylie  acids  unextraeted. 
The  further  separation  of  the  amino-acids  is  accomplished  by  special 
methods  to  be  described.  By  this  means  the  troublesome  and  destructive 
distillation  in  the  Fischer  method  is  avoided  and  much  better  yields 
obtained. 

Apparatus.  Some  form  of  continuous  extraction  apparatus  must  be 
used.  That  described  by  Steudel  and  Kutscher  and  shown  in  figure  73 
is  very  convenient. 

Procedure.  By  the  method  which  follows  the  amino-acids  are  to  be 
separated  into  five  groups: 

1.  Monoamino  acids,  both  aromatic  and  aliphatic,  insoluble  in  butyl 
alcohol  but  extracted  by  it. 

2.  Proline,  soluble  in  butyl  alcohol  and  extracted  by  it. 

3.  Peptide  anhydrides  (diketopiperazines)  extracted  by  butyl 
alcohol  but  separated  from  (2)  by  sparing  solubility  in  water  and 
alcohol. 

4.  Dicarboxylie  acids,  not  extracted  by  butyl  alcohol. 

5.  Diamino  acids,  not  extracted  by  butyl  alcohol,  but  separable 
from  (4)  by  phosphotungstic  acid  and  other  means. 

While  the  amino-acids  are  insoluble  in  butyl  alcohol  they  are  soluble 
in  butyl  alcohol  containing  some  water.  Since  salts  greatly  reduce  the 
miscibility  and  mutual  solubility  of  butyl  alcohol  and  water,  the  pres- 
ence of  salt,  and  particularly  of  calcium  chloride,  is  to  be  avoided  during 
the  extraction. 

Hydrolysis.  Heat  to  boiling  in  a  flask  200  grams  casein  suspended 
in  5  to  6  times  its  weight  of  sulphuric  acid  prepared  by  adding  con- 
cehtrated  acid  to  3  volumes  of  water,  for  12  to  16  hours.  Dilute  by 
adding  5  times  the  volume  of  distilled  water,  mix  well,  and  remove  the 
excess  of  sulphuric  acid  by  adding  little  by  little  saturated  Ba(0H)2 
solution  until  the  reaction  is  acid  to  litmus  but  no  longer  acid  to  congo 
red.  Concentrate  the  filtrate  somewhat  and  allow  some  tyrosine  to 
crystallize  out.  Filter  and  again  concentrate.  Make  now  approximately 
neutral  to  litmus  by  addition  of  dilute  Ba(0H)2.     Filter  from  any 
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precipitate.  Concentrate  the  amino-acid  solution  on  the  water  bath 
until  leucine  begins  to  crystallize  out,  and  then  transfer  the  mixture  of 
liquid  and  crystals  while  still  warm  to  flask  A  of  the  extraction 
apparatus. 

Extraction.  The  Kutscher-Steudel  apparatus  is  arranged  as  shown. 
Figure  73.  A  350  e.c.  extraction  flask  is  large  enough  for  the  amino- 
acids  from  100  grams  of  casein.  The  aqueous  layer  should  occupy 
3/4ths  or  5/6tlis  of  the  available  space  and  the  volume  of  supernatant 
butyl  alcohol  is  relatively  small.  Rubber  connections  can  be  employed, 
but  they  are  attacked  by  the  butyl  alcohol  and  their  surface  exposed 
should  be  as  small  as  possible.  Heat  the  extraction  flask  on  a  sand 
bath,  with  rather  high  sides  so  as  to  avoid  condensation  in  the  flask, 
and  the  flame  is  so  adjusted  that  a  reasonably  rapid  flow  of  alcohol 
returns  into  the  flask.  If  a  300  or  400  c.c.  apparatus  is  used  the  aqifeous 
solution  soon  acquires  a  temperature  of  60-80°  and  no  further  heating 
is  required,  but  when  larger  quantities  of  fluid  are  being  extracted  it 
is  well  to  heat  the  aqueous  flash  A  to  75°  or  80°'  by  means  of  a  water 
bath. 

The  separation  of  the  amino-acids  as  a  cream-colored  granular  pre- 
cipitate soon  begins  in  the  extraction  flask  B.  Allow  extraction  to  con- 
tinue for  the  day.  Turn  off  at  night.  Next  morning  filter  off  the 
amino-acids  which  have  accumulated  by  a  Buchner  funnel,  washing  them 
with  butyl  alcohol  and  ether,  and  then  continue  the  extraction  with  the 
combined  butyl  alcohol  filtrates,  which  are  light  brown.  This  reduces 
risk  of  breakage  due  to  accumulation  of  amino-acids  in  the  flask.  Con- 
tinue the  extraction  until  no  additional  amounts  of  amino-acids  separate 
out  in  the  extraction  flask.  The  extraction  will  take  about  36  hours. 
There  is  thus  obtained  in  a  crystaline  form  the  monoamino  acids.  The 
aqueous  solution  is  kept  for  future  separations  of  glutaminic  and 
diamine  acids.    The  butyl  alcohol  contains  the  proline  in  solution. 

Proline  separation.  The  filtered  butyl  alcohol  extract  is  evaporated 
to  dryness  under  reduced  pressure.  Boil  the  sticky,  brownish  residue 
with  about  10  parts  of  absolute  alcohol.  With  casein  the  whole  of  the 
residue  (proline)  dissolves.  Allow  solution  to  stand  over-night.  A  small 
quantity  of  peptide  anhydrides  crystallize  out.  (About  2  per  cent,  of 
casein  taken)  this  is  group  3.  Filter  with  suction.  Filtrate  has  alcohol 
evaporated  under  reduced  pressure.  The  residue  is  dissolved  in  a  small 
amount  of  hot  water,  decolorized  by  boiling  for  a  minute  or  so  with  a 
little  animal  charcoal,  then  filtered  with  suction,  the  filtrate  concentrated 
on  the  water  bath  in  an  evaporating  dish,  to  a  syrup.  On  allowing  to 
stand  a  further  crystallization  of  peptides  takes  place.  Filter  from  these, 
using  a  small  suction  filter.  All  told  2  to  3  per  cent,  of  peptides  are 
obtained  from  casein.     The  clear  aqueous  solution  now  contains  the 
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whole  of  the  proline.  The  proline  can  be  separated  for  purposes  of 
identification  most  easily  and  conveniently  as  the  hydantoine,  CeHgNOa, 
or  it  may  be  separated  by  making  the  copper  salt.  (See  below  under 
preparation  of  proline.) 

Preparation  of  prolylhydantoine.  The  crude  proline  from  200  grams 
of  casein  should  weigh  about  16  grams.  Take  an  amount  equivalent  to 
about  5  grams.  Add  5  grams  potassium  cyanate  and  50  c.c.  H2O  and 
evaporate  to  dryness  on  the  water  bath.  This  makes  the  uramido  com- 
pound. Dissolve  in  water,  about  50  c.c,  acidify  to  congo  red  with 
sulphuric  acid  and  extract  with  ether  in  the  extractor  for  7  hours.  This 
removes  the  uramido  compounds  of  leucine,  valine,  etc.,  present  as 
small  amounts  of  ijnpurities.  To  the  extracted  aqueous  solution  then 
add  l/5th  volume  of  50  per  cent.  H2SO4  and  heat  on  water  bath  for 
1  to"  2  hours,  and  again  extract  with  ether  as  before  for  12  hours.  By 
this  heating  the  prolylhydantoine  is  formed  and  the  ether  now  takes  this 
out.  On  evaporation  of  the  ether  about  4.5  grams  of  prolylhydantoine 
should  be  obtained.    It  cones  out  as  thick,  transparent  prismatic  needles. 

Preparation  of  proline.  If  proline  is  desired  it  is  prepared  by  taking 
the  aqueous  solution  above,  adding  to  it  while  boiling  freshly  precipi- 
tated and  washed  Cu(0H)2  as  long  as  it  dissolves.  Evaporate  the  dark 
blue  solution  to  dryness.  Extract  the  dry  residue  with  absolute  alcohol 
as  long  as  any  redissolves.  The  active,  1-proline  copper  salt  is  soluble 
in  absolute  alcohol  whereas  the  racemic  salt  is  insoluble.  Evaporate  off 
the  alcohol  in  the  water  bath  and  take  up  the  residue  in  a  little  water, 
carefully  concentrate  and  allow  to  crystallize.  The  copper  salt  crys- 
tallizes out.  If  the  free  proline  is  desired  the  copper  salt  may  be  freed 
from  copper  by  passing  HjS,  filtering  and  evaporating  on  the  water 
bath  to  a  small  volume  and  allowed  to  crystallize.  The  crystals  are  flat 
needles.    Taste  sweet.     [a]S= — 77.4. 

Exercise  XXIII.    Separation  of  glutaminic  acid. 

Experiment  79.  Glutaminic  acid. — Glutaminic  acid  separation. 
The  aqueous  solution  left  after  the  butyl  alcohol  has  extracted  the  mono- 
amino  acids  from  it  is  concentrated  under  reduced  pressure  on  the 
water  bath  to  remove  the  butyl  alcohol.  The  final  volume  should  be 
about  150  c.c.  Transfer  to  a  250  c.c.  Erlenmeyer  flask  and  pass  dry 
hydrochloric  acid  gas  through  the  mixture  until  it  is  saturated.  Stopper 
the  flask  and  set  in  the  ice  box  for  crystallization.  After  a  day  or  so, 
when  the  glutaminic  acid  hydrochloride  has  crystallized  out,  add  an 
equal  volume  of  ice-cold  alcohol,  and  filter,  using  suction  and  a  Buchner 
funnel.  Keep  the  filtrate  for  separation  of  basic  amino-acids.  Wash 
the  crystals  with  small  amounts  of  concentrated  hydrochloric  acid  previ- 
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ously  cooled  nearly  to  zero.  The  filtrate  may  be  resaturated  with  HCl 
and  a  new  crop  of  glutaminic  acid  obtained,  but  this  yield  will  not  be 
large. 

To  recrystallize  the  glutaminic  acid  hydrochloride  disssolve  the 
crystals  in  about  100  c.c.  water,  decolorize  by  boiling  with  a  little  char- 
coal, filter,  cool,  saturate  the  filtrate  as  before  with  dry  HCl  gas  and 
allow  to  stand  in  the  ice  box  until  crystallization  is  complete  (about  24 
hours).  Then  add  an  equal  volume  of  ice-cold  alcohol  and  filter  with 
suction  as  before.    Drain  as  dry  as  possible. 

To  free  the  glutaminic  acid  from  HCl  dissolve  it  in  a  minimum 
amount  of  water.  Add  sufficient  NaOH  to  neutralize  the  hydrochloric 
acid  (about  5.44  c.c.  of  N  NaOH  for  every  gram  of  the  dry  salt  will  be 
necessary).  Add  the  NaOH  until  the  reaction  is  no  longer  acid  to 
Congo  red  but  is  strongly  acid  to  litmus.  Evaporate  in  vacuum  until 
the  bulk  is  about  75  c.c.  Transfer  to  a  beaker  and  allow  to  stand  and 
crystallize  in  the  ice  box.  Glutaminic  acid  should  crystallize  out 
promptly.  Filter  from  the  crystals,  using  suction,  wash  quickly  under 
suction  with  a  little  water,  and  dry  the  crystals  with  filter  paper. 
Crystals  are  rhombic  tetrahedra. 

BXEECISE    XXIV.      PeEPAEATION    of    TTEOSINE,    cystine    AND    CYSTEINE. 

Experiment  8o.  Tyrosine  and  cystine. — These  are  readily  pre- 
pared from  ox  horns.  Allow  horns  to  dry  so  that  the  bony  core  can  be 
easily  slipped  out.  Cut  horn  into  small  pieces  with  saw  and  hatchet. 
1  kilo  dried  horn  is  placed  in  a  3  liter  flask  and  extracted  2  or  more 
days  at  room  temperature  with  10  per  cent.  HCl.  Pour  off  the  acid, 
add  2  liters  half-concentrated  HCl  and  heat  on  steam  bath  with  reflux 
condenser  for  7  days  at  temperature  of  90°.  Then  filter  from  undis- 
solved. Partially  decolorize  once  with  charcoal.  Refilter.  Evaporate 
deep  red  liquid  in  vacuo  in  water  bath  until  a  fairly  thick  syrup  of 
about  700  c.c.  remains.  Pour  syrup  into  a  large  beaker  and  add  strong 
NaOH  carefully,  little  by  little,  with  constant  stirring  to  the  solution 
until  reaction  is  faintly  acid  or  neutral  to  litmus.  Cool.  Add  ethyl 
alcohol  until  solution  contains  about  50  to  70  per  cent,  by  volume  and 
allow  to  stand  at  a  low  temperature  for  two  days.  Filter  the  voluminous 
brownish  ppt.,  which  may  have  already  begun  to  appear  before  the 
addition  of  the  alcohol,  on  a  suction  filter.  Bring  the  ppt.  after  washing 
with  water  into  a  large  evaporating  dish  and  extract  four  or  five  times 
with  a  liter  of  boiling  water  each  time  to  extract  the  tyrosine  and 
leucine,  etc.  The  cystine  remains  undissolved.  Keep  the  filtrates  for 
tyrosine.  Extract  until  the  residue  gives  only  a  faint  reaction  with 
Millons  solution. 
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Cystine.  The  portion  which  is  insoluble  is  mainly  impure  cystine. 
Suspend  in  about  500  c.c.  boiling  water,  add  enough  concentrated  HCl 
to  dissolve  the  ppt.  Decolorize  with  charcoal.  Neutralize  the  clear 
filtrate  with  pure  10  per  cent.  NaOH.  From  the  clear  solution  the 
cystine  begins  to  crystallize  out  in  large  hexagonal  plates  separating  as 
a  sandy  ppt.  before  the  neutral  point  is  reached.  When  the  crystalliza- 
tion has  begun  examine  a  little  under  the  microscope.  As  long  as  the 
crystals  of  cystine  alone  are  appearing  continue  to  add  little  by  little 
the  NaOH,  but  just  as  soon  as  the  first  tyrosine  needles  appear  filter 
quickly,  using  suction  through  a  Buchner  funnel.  The  tyrosine  con- 
tinues to  come  out  in  the  filtrate.  Neutralize  still  further  while  this  is 
coming  out  and  prepare  a  new  filter.  As  soon  as  cystine  begins  to 
appear  again  filter  quickly.  This  will  give  principally  tyrosine  with  a 
little  cystine.  The  solution  when  neutral  is  allowed  to  stand  in  the  cold. 
It  will  settle  out  nearly  all  of  the  remainder  of  the  tyrosine  and  cystine. 
Filter  and  keep  this  mixture  for  further  separation.  To  purify  the  first 
cystine  redissolve  in  a  little  water  to  which  strong  HCl  is  added  just 
enough  to  dissolve  it,  neutralize  with  ammonia.  Cystine  crystallizes  out, 
leaving  the  tyrosine  in  the  solution.  The  purity  of  the  cystine  is  shown 
by  the  fact  that  it  gives  no  Millon  reaction,  but  only  a  white  ppt.  with 
the  Millon  reagent.  From  1  kilo  of  horn  about  40  grams  of  cystine  can 
be  obtained. 

Tyrosine.  Tyrosine  is  separated  from  the  5  liters  of  water  which 
has  been  used  to  dissolve  it  from  the  cystine,  and  from  the  united  filtrates 
from  the  cystine  precipitations,  by  concentrating  and  cooling.  Recrys- 
tallize  by  dissolving  in  hot  water  and  cooling.  Observe  under  the  micro- 
scope. Tyrosine  crsytallizes  in  needles  and  balls  of  needle-shaped 
crystals.  By  concentrating  these  extracts  further  crystallizations  are 
obtained.  By  dissolving  in  HCl  and  neutralizing  and  filtering  while 
the  character  of  the  crystals  is  being  watched  in  the  microscope,  the 
tyrosine  may  be  separated  from  a  remnant  of  cystine. 

Cysteine.  Cysteine  is  very  easily  made  by  dissolving  the  cystine  in 
HCl,  adding  some  tin,  which  reduces  the  cystine  to  cysteine.  Freeing 
from  tin  by  saturating  with  HjS,  filtering  from  the  sulphide  of  tin, 
and  evaporating  the  filtrate  on  the  water  bath  to  crystallization.  Trans- 
parent prismatic  needles  and  prisms.  Dissolved  give  a  blue  color  willi 
FeCl,  and  a  brilliant  cherry  with  sodium  nitroprusside. 


CHAPTER  XXVI. 

COMPOSITION  OF  THE  FOODS. 
Exercise  XXV.    Milk. 

Experiment  8i.  Reaction. — Test  the  reaction  of  some  fresh  milk 
to  litmus.  Perfectly  fresh  milk  is  amphoteric,  but  market  milk  is  usually 
slightly  acid  due  to  lactic  acid. 

Experiment  82.  Microscopic  appearance. — Place  a  drop  of  milk 
on  a  slide,  cover  with  a  coverslip  and  observe  under  low  and  high  power 
of  the  microscope.  Prick  your  finger,  obtain  a  little  blood,  touch  a  pin 
to  the  blood  and  then  to  the  milk  so  as  to  obtain  a  few  corpuscles  and 
compare  the  size  of  the  corpuscles  and  the  milk  globules.  The  corpuscles 
are  7  ;u  in  diameter. 

Experiment  83.  Salting  out  casein  and  fat. — Casein,  the  principal 
protein  of  milk,  or  caseinogen  as  it  is  also  called,  may  be  separated  from 
the  other  constituents  by  salting  out  with  NaCl. 

To  10  c.c.  milk  in  a  test-tube  add  3.6  grams  of  powdered  NaCl. 
This  is  the  amount  necessary  to  saturate  the  milk.  Close  the  mouth  of 
the  tube  with  the  thumb  and  shake.  After  the  NaCl  has  dissolved,  the 
casein  and  fat  will  separate  as  a  curd  and  the  milk  becomes  so  thick 
that  it  flows  very  slowly.  Take  a  small  funnel,  arrange  a  simply  folded 
10  cm.  filter  paper,  leaving  the  filter  paper  dry,  and  pour  on  the  milk. 
Collect  the  filtrate  in  a  test-tube.  It  should  be  perfectly  clear  but  a 
slight  yellow  in  color.  In  the  filtrate  is  lactalbumin,  lactose,  extractives, 
lactic  acid,  citric  acid,  etc.  Save  the  filtrate  for  the  following  experi- 
ments. 

Experiment  83.  Properties  of  casein. — After  the  filtration  is 
ended,  remove  the  filter  paper  with  the  casein  and  fat  from  the  funnel, 
open  it  out  so  that  it  is  flat  and  transfer  a  little  of  the  casein  on  the 
point  of  a  knife  tn  a  test-tube,  add  about  3  c.c.  of  water  and  shake.  The 
casein  redissolves  and  the  fat  is  again  distributed  through  the  solution 
with  the  casein.  There  appears  to  be  some  sort  of  a  union,  physical  or 
chemical,  between  the  casein  and  the  fat.  Heat  the  solution  to  boiling. 
Observe  that  it  does  not  coagulate.  Casein  does  not  coagulate  on  heating. 
Cool  the  heated  solution  and  add  to  it  a  drop  of  dilute  acetic  acid.  The 
casein  flocks  out  of  the  solution.  After  observing  this  redissolve  by  a 
drop  of  NajCOs  solution.  Add  a  drop  of  10  per  cent.  NaOH  and  a 
couple  of  drops  of  2  per  cent.  CUSO4.     Observe  the  biuret  reaction. 
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After  this  has  appeared,  heat  the  solution  to  boiling.    The  copper  will 
be  reduced  by  a  small  amount  of  lactose  which  has  remained  in  the  curd. 

To  another  small  pinch  of  the  precipitate  in  a  test-tube  add  glacial 
acetic  acid,  or  glyoxylic  acid  2  to  3  c.c,  shake,  then  add  an  equal  amount 
of  concentrated  HjSO^.    Observe  the  plain  ti-yptophane  reaction. 

The  main  bulk  of  the  casein  precipitate  should  be  brought  into  a 
small  beaker  or  a  large  test-tube,  about  15  c.c.  of  acetone  added  and 
heated  by  immersion  in  hot  water.  This  dissolves  out  the  fat.  Decant 
the  acetone  through  a  dry  filter  paper,  and  re-extract  the  casein  with  a 
new  lot  of  acetone.  The  filtrate,  containing  the  fat,  should  be  evaporated 
on  the  water  bath.  Observe  the  butter  fat,  with  its  typical  odor,  remain- 
ing after  evaporation  of  the  acetone. 

The  casein  may  be  dried  by  allowing  the  acetone  to  evaporate  from 
it.  It  is  a  clean  white  powder,  soluble  in  water,  precipitated  by  dilute 
acid  but  redissolved  in  excess.  If  desired  it  may  be  dissolved  in  water, 
a  little  rennin  added  and  the  solution  coagulated  by  its  action.  Para- 
casein is  formed. 

A  solution  of  casein  in  lime  water  does  not  precipitate  calcium 
phosphate  if  a  dilute  phosphoric  acid  solution  is  added  to  neutrality. 
Liquid  becomes  turbid. 

Experiment  84.  Lactalbumin. — The  lactalbumin  is  in  the  filtrate 
from  the  saturated  salt  milk  of  experiment  83.  It  may  be  separated  by 
coagulating  it  by  heating.  For  this  purpose  suspend  the  test-tube  by 
means  of  a  clamp  on  the  lamp  stand  in  a  beaker  of  water,  so  arranged 
that  the  bottom  of  the  test-tube  is  a  little  above  the  bottom  of  the 
beaker.  A  thermometer  is  placed' in  the  test-tube  so  as  to  observe  the 
temperature  of  coagulation.  Now  heat  the  water  in  the  beaker  and 
observe  the  temperature  at  which  the  albumin  coagulates.  It  is  between 
74  and  80°  C.  Heat  until  the  temperature  in  the  tube  is  about  95° 
so  as  to  be  sure  that  the  coagulation  is  complete.  Observe  how  copious 
the  precipitate  is  but  that  it  is  much  less  than  the  casein.  Filter  through 
a  small  filter  paper  and  collect  the  filtrate  for  the  lactose.  Take  a  little 
of  the  lactalbumin  from  the  filter  paper  and  make  a  biuret  test  with  it, 
and  any  other  protein  tests  desired. 

Experiment  85.  Lactose. — The  filtrate  from  the  lactalbumin  eon- 
tains  the  lactose  and  also  lactic  acid.  To  test  for  lactic  acid  take  1  c.c. 
of  the  filtrate,  add  a  couple  of  c.c.  of  water  and  then  with  a  small  pipette 
add  to  it  4  or  5  drops  of  FeCls  solution.  Observe  the  lemon  yellow 
color  which  develops.  Make  a  control  tube  containing  only  3  c.c.  water 
with  the  same  amount  of  FeClj  added  for  comparison.  Lactic  acid 
gives  this  lemon  yellow  color  with  ferric  chloride.  Test  for  lactose  in 
the  filtrate  by  taking  1  c.c.,  adding  4  c.c.  of  a  mixture  of  equal  parts  of 
Fehling's  solutions  A  and  B  and  heating.    A  copious  reduction  occurs. 


PRACTICAL  WORK  AND   METHODS 


951 


Experiment  86.  Preparation  of  lactose. — Dilute  500  c.c.  of  milk 
with  1  liter  of  water,  add  gradually  enough  dilute  acetic  acid  to  pre- 
cipitate the  casein.  When  this  flocks  readily,  filter.  Place  the  filtrate 
In  an  evaporating  dish,  heat  to  boiling  to  coagulate  the  lactalbumin. 
Filter.  Evaporate  the  filtrate  on  the  water  bath  to  about  75  c.c.  Filter 
from  calcium  phosphate.  Evaporate  the  filtrate  to  a  syrup  and  set  aside 
for  lactose  to  crystallize.  Ptirify  if  necessary  by  recrystallizing,  using 
charcoal. 

Experiment  87.  Determination  of  the  amount  of  fat  by  Meigs' 
method. — The  advantage  of  this  method  over  the  Soxhlet  is  its  greater 
ease.    It  gives  results  usually  about  1  per  cent,  lower  than  the  latter. 

Process.     The  glass  stopper  cylinder  shown,  in  Figure  74  is  pre- 
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Fig.  74. — Pipette  arranged  to  remove  the  upper  layer  in  Meigs'  metlioa  of  fat 
extraction.  Tlie  end  of  the  tube,  A,  is  placed  at  the  surface  of  the  diTision  between  the 
two  layers  of  the  mixture  of  milk  treated  with  the  water,  aicohol,  and  ether  mixture 
and  the  upper  layer  is  then  forced  out  through  it  by  forcing  air  into  the  space  above  the 
mixture  through  tube  B. 

pared.  This  cylinder  is  a  100  c.c.  cylinder.  The  arrangement  of  the 
tube  bent  up  at  the  end  is  sufficiently  obvious.  It  makes  possible  a  very 
clean  separation  of  the  ether  fat  layer.  To  10  c.c.  of  milk  measured 
from  a  pipette  into  the  100  c.c.  glass  stoppered  cylinder  add  20  c.c.  of 
distilled  water  and  20  c.c.  ethyl  ether  and  shake  for  5  minutes.  Add 
then  20  c.c.  95  per  cent,  alcohol  and  shake  again  for  5  minutes.    Allow 
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to  stand  until  contents  separate  into  two  distinct  layers.  Remove  the 
upper  layer  by  the  pipette,  as  shown  in  Figure  74,  into  a  weighed 
evaporating  dish.  Add  5  c.c.  ether  to  the  cylinder  so  as  to  wash  down 
the  sides  of  the  cylinder ;  remove  by  the  pipette  to  the  evaporating  dish ; 
repeat  this  process  of  washing  5  times,  using  5  c.c.  each  time  and 
removing  each  time  to  the  evaporating  dish.  Evaporate  the  washings 
and  upper  layer  to  dryness  on  the  water  bath,  cool  over  sulphuric 
acid  in  a  desiccator  and  dry  at  room  temperature  to  constant  weight. 
The  weight  of  the  residue  may  be  taken  as  very  nearly  that  of  the  total 
lipin.  It  contains  a  slight  amount  of  lactose,  and  the  extraction  of  lipin 
material  is  not  quite  so  complete  as  the  Soxhiet  method. 

Experiment    88.     Determination    of   fat   by    Babcock    method. — 
Place  10  c.c.  of  milk  into  the  Babcock  bottle   (Figure  75)   which  has 


Fia.  75. — Babeock's  cream  test  bottle. 

a  long,  slender,  graduated  neck.  Add  2  c.c.  of  a  mixture  of  amyl  alcohol 
37  parts,  methyl  alcohol  13  parts  and  hydrochloric  acid  50  parts ;  fill  to 
the  neck  with  concentrated  sulphuric  acid,  mixing  as  it  is  gradually 
added.  Centrifugalize  rapidly  for  3  minutes.  This  separates  the  fat. 
Then  add  warm  water  sufficient  to  force  the  fat  into  the  neck  of  the 
tube  and  the  percentage  of  fat  can  be  read  from  the  scale. 

Experiment  89.  Determination  of  lactose. — Transfer  2  c.c.  of  milk 
by  a  volumetric  pipette  to  a  100  c.c.  volumetric  flask.  Add  saturated 
NaCl  solution  to  the  mark.  Shake.  This  separates  casein  and  fat. 
Filter  through  a  dry  filter  paper.  Take  50  c.c.  of  the  filtrate  (corre- 
sponding to  1  c.c.  of  milk)  and  determine  the  lactose  by  the  Munson 
and  Walker-Bertrand  method  described  in  experiment  38,  page  891. 
The  result  gives  the  mgs.  lactose  in  1  c.c.  milk,  or  grams  in  a  liter. 

Experiment  go.  Determination  of  lactose  in  milk. — (Folin  and 
Denis,  J.  Biol.  Chem.,  33,  p.  521  (1918).) 

Principle  Lactose  reduces  the  copper  solution  of  Folin  and  McEU- 
roy  and  proteins  do  not  interfere. 
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>  Method.  A  5  c.c.  burette  is  provided  with  a  finely  drawn  out  tip 
attached  to  the  ordinary  tip  by  a  piece  of  rubber  tubing.  The  top 
is  stoppered  and  a  glass  tube  is  passed  through  it  with  a  rubber 
tube  attached  in  order  to  fill  the  burette  by  suction  (Figure  77).    The 


Fig.  77. — Special  sugar  pipette  used  in  Folin's  method  (after  Cole). 


burette  is  filled  to  the  zero  mark  by  milk  diluted  1 :  5  with  water  (10  c.c. 
milk  to  50  c.c.  by  water).  Make  the  copper  solution  by  placing  in  a 
large  test-tube  5  grams  of  the  phosphate,  thiocyanate  mixture  and  5  c.c. 
accurately  measured  of  5.9  per  cent.  CuSO^  solution  and  1  c.e.  sat. 
NajGOs  solution.  Heat  in  micro  burner  until  a  clear  blue  solution  is 
obtained,    Eun  in  now  from  the  burette  4  c.c.  cow's  milk  (about  3  c.c. 
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woman's  milk)  and  boil  gently  for  4  minutes.  If  the  color  nearly  dis- 
appears and  the  tube  is  filled  with  a  white  precipitate  add  a  drop  more 
of  milk  at  a  time,  boiling  each  time  for  1  minute  until  the  end  point 
is  reached.  The  end  point  is  shown  by  turning  from  a  green  to  a  yellow. 
If  too  much  sugar  is  added  the  first  time  so  that  the  tube  is  completely 
reduced  by  the  first  addition,  discard  the  tube  and  begin  again  with 
milk  diluted  somewhat  more.  This  amount  of  copper  solution,  i.e., 
5  a.c.,  is  exactly  reduced  by  40.4  mgs.  of  anhydrous  lactose  under  the 
conditions  of  the  experiment.  This  is  about  the  amount  of  lactose 
present  in  1  e.c.  of  milk.  This  amount  of  lactose  is  present  in  the 
amount  of  diluted  milk  added.  4.04  x  5  (milk  diluted  5  times)  divided 
by  c.c.  diluted  milk  used  gives  grams  lactose  in  100  c.c.  milk. 

1.  PJiospTiate-tMocyanate  mixture.  200  grams  cryst.  HNajPO^. 
I2H2O  powdered  in  a  mortar  are  covered  with  50  grams  sodium 
thiocyanate  (60  grams  potassium  salt).  Mix  in  mortar  with  spatula  for 
about  10  minutes  until  uniform  liquid  paste.  Then  add  120  grams 
NajCOa-HaO  (or  100  to  110  of  anhydrous  salt)  and  mix  with  spatula 
until  a  rather  light  granular  powder  is  obtained.  Cover  with  paper 
and  let  stand  over-night.  Mix  once  more.  Transfer  to  stoppered  bottles. 
It  keeps  indefinitely. 

2.  Saturated  sodium  carbonate  solution.  (14  to  20  per  cent. 
Na,CO,.) 

3.  Copper  sulphate  solution.  59  grams  CuSO^.SHjO  and  2  c.c. 
concentrated  H2SO4  per  liter. 

Experiment  91.  Determination  of  freezing  point  of  milk — The 
freezing  point  of  milk  is  that  of  the  blood  and  varies  from  — 0.55°  to 
— 0.60°.  Any  addition  of  water  to  milk  is  easily  determined  by  a  change 
in  the  freezing  point  toward  that  of  water.  The  apparatus  most  con- 
venient for  this  purpose  is  that  of  Hortvet  (Figure  76).  The  description 
of  the  method  is  that  published  to  accompany  the  instrument. 

Procedure.  Insert  a  small  caliber  thistle-tube  or  funnel-tube  into  the 
vertical  portion  of  the  T-tube  at  one  side  of  the  apparatus  and  pour  in 
about  400  c.c.  of  ether  previously  cooled  to  15°  C.  or  lower.  Close  the 
vertical  tube  by  means  of  a  small  cork  and  connect  the  pressure  bulb 
or  pump  to  the  air  inlet  tube  of  the  air-drying  attachment  on  the  op- 
posite side  of  the  apparatus. 

Measure  into  the  inner  test-tube  30  to  35  c.c.  of  boiled  distilled 
water,  previously  cooled  to  10°  C.  or  lower.  Enough  water  should  be 
measured  in  to  fairly  submerge  the  thermometer  bulb.  Insert  the  ther- 
mometer, which  together  with  the  stirring  device  is  mounted  in  a  sound 
stjopper,  and  lower  the  test-tube  into  the  larger  tube,  which  is  tightly 
fitted  into  the  apparatus.  A  small  quantity  of  alcohol,  sufficient  to  fill 
the  space  between  the  two  test-tubes,  will  serve  to  complete  the  con- 
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FlO.  76. — Hortvet  cryoscope  for  determining  freezing  point  of  mlllc. 


ducting  medium  between  the  interior  of  the  apparatus  and  the  liquid  to 
be  tested.  A  sufficiently  tight  connection  between  the  inner  and  outer 
tubes  is  afforded  by  means  of  a  narrow  section  of  thin  walled  tubing. 
The  thermometer  and  stirring  device  should  fit  accurately  in  the  stopper 
and  the  entire  arrangement  should  be  in  a  vertical  position. 

By  means  of  the  pressure  pump  maintain  a  steady  current  of  air 
through  the  apparatus,  thereby  vaporizing  the  ether  at  a  fairly  rapid 
rate.  Arrangement  may  be  made  so  as  to  conduct  the  ether  vapors  away 
from  the  operator  and  the  APPARATUS  SHOULD  NOT  BE  USED 
IN  THE  VICINITY  OF  A  FLAME.  Keep  the  stirring  device  in 
steady  up-and-down  motion  at  a  rate  of  approximately  one  stroke  each 
two  or  three  seconds,  or  even  at  a  slower  rate  providing  the  cooling 
proceeds  satisfactorily.  Maintain  passage  of  air  through  the  apparatus 
until  the  temperature  of  the  ether-cooling  bath  approaches  3°  below 
zero,  as  indicated  oh  the  control  thermometer,  or  until  the  top  of  the 
mercury  thread  in  the  special  freezing-point  thermometer  recedes  to  a 
point  in  the  neighborhood  of  the  probable  freezing  point  of  water.  Con- 
tinue the  manipulation  of  the  stirring  device  until  a  supercooling  of  sam- 
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pie  from  1.2°  to  1.3°  is  observed.  Also  note  the  temperature  recorded  on 
the  control  thermometer  in  order  to  guard  against  excessive  supercooling 
and  a  consequent  too  low  convergence  temperature.  As  a  rule,  by  this 
time  the  liquid  will  begin  to  freeze,  as  may  be  noted  b^  the  rapid  rise 
of  the  mercury  thread.  Manipulate  the  stirring  device  slowly  and  care- 
fully two  or  three  times  while  the  mercury  column  approaches  its  highest 
point.  By  means  of  a  suitable  light-weight  mallet  tap  the  upper  end  of 
the  thermometer  cautiously  several  times  in  order  to  insure  a  permanent 
position  of  the  top  of  the  mercury  column.  Observe  the  exact  reading 
on  the  thermometer  scale  and  estimate  to  0.001°  C.  After  a  few  minutes' 
time  the  mercury  may  begin  to  recede  owing  to  the  cooling  effect  of  the 
ether  in  the  interior  of  the  apparatus.  When  the  above  observation 
has  been  satisfactorily  completed  make  a  couple  of  duplicate  determina- 
tions, then  remove  the  thermometer  and  stirring  device  and  empty  the 
water  from  the  inner  tube. 

Einse  out  the  test-tube  with  about  20  c.c.  of  the  sample  of  milk  to 
'  be  tested,  measure  into  the  tube  about  35  c.c.  of  the  milk,  or  enough  to 
fairly  submerge  the  thermometer  bulb,  and  insert  the  tube  into  the  ap- 
paratus. In  the  meantime  by  lowering  a  narrow  tube  into  the  ether 
bath,  then  closing  the  top  end  by  means  of  the  forefinger  and  raising 
to  a  suitable  height,  a  i  judgment  may  be  obtained  as  to  whether  an 
additional  supply  of  ether  is  necessary  for  the  next  determination. 
Usually  an  additional  50  to  75  c.c.  of  cold  ether  should  be,  poured  in 
at  this  stage>  Whep  the,  apparatus, lias, once  been  cooled  down  to  low 
temperature  an  additional  50  c.c.  of  ether  is  sufficient  on  an  average  for 
every  four  or  five  succeeding  determinations. 

Make  the  determination  on  the-  sample  of  milk,  following  the  same 
procedure  as  that  employed  in  determining  the  freezing-point  of  water. 
As  a  rule,  however,  it  is  necessary  to  start  the  freezing  action  in  the 
sample  of  milk  by  dropping  in  a  small  fragment  of  ice  (approximately 
9.05  gram)  at  the  time  when  the  mercury  column  has  receded  to  a  place 
from  1.2°  to  1.3°  below,  the  probable  freezing-point.  A  rapid  rise  of  the 
mercury  column  results  almost  immediately.  Manipulate  the  stirring 
device  slowly  and  carefully  two  or  three  times  while  the  mercury  column 
approaches  its  highest  point.  Complete  the  adjustment  of  the  mercury 
column  in  the  same  manner  as  in  the  preceding  determination,  then 
observe  the  exact  reading  on  the  thermometer  scale  and  estimate  to 
0.001°.  THE  ALGEBRAIC  DIFFERENCE  BETWEEN  THE 
READING  OBTAINED  ON  THE  SAMPLE  OF  WATER  AND  THE 
READING  OBTAINED  ON  THE  SAMPLE  OF  MILK  REPRE- 
SENTS THE  FREEZING-POINT  OF  MILK. 

For  deducing  the  proportion  of  added  water  from  the  determined 
freezing-point  use  |>^inter/s  Table  ,a^  published  in  extended  form  in 
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The  ChemicaZ  News,  Vol.  110,  1714,  pages  283-284,  or  use  the  porcelain 
scale  accompanying  the  cryoscope.  The  percentage  of  added  water  (W) 
may  also  be  calculated  as  follows : 

100(T— TM 


W=- 


T 


in  which   T   represents  the   average   freezing-point   of   normal   milk 
( — 0.550)  and  T'^  the  observed  freezing-point  on  a  given  sample. 

ExEECiSE  XXVI.    Meat 

To  obtain  fresh  muscle  kill  a  rabbit  by  a  blow  on  the  head,  insert 
a  cannula  in  the  carotid  artery,  and  wash  out  the  blood  vessels  after 
opening  the  right  auricle  by  injecting  0.9  per  cent.  NaCl  solution.  Skin. 
Remove  the  intestines.  (Glycogen  can  be  recovered  from  the  liver.) 
Remove  leg  and  back  muscles  quickly  into  twice  their  weight  of  ice-cold 
5  per  cent.  MgSO^  solution ;  when  chilled  put  through  a  meat  chopper 
or  mill.  Put  through  at  least  twice,  grinding  them  up  with  the  cold 
sulphate  solution.  This  extracts  from  the  muscle  some  of  the  proteins 
in  an  unchanged  form.  Allow  to  stand  in  the  sulphate  in  the  ice  box 
for  12  to  24  hours.  Filter  cold  through  muslin.  10  c.c.  of  filtrate  is 
given  each  student. 

Experiment  92.  Reaction. — Test  reaction  of  extract  to  litmus. 
Usually  amphoteric.  An  H  ion  determination  can  be  made  with  the  indi- 
cator method. 

Experiment  93.  Clotting. — This  extract,-  like  the  blood,  has  the 
power  of  clotting.  (Myosinogen  converted  to  myosin.)  Dilute  2  c.c. 
with  8  c.c.  water.  Take  5  c.c.  in  each  of  two  test-tubes.  Place  one  in 
the  incubator  at  37°.  Keep  the  other  at  room  temperature.  Both  clot 
and  the  myosin  separates  from  the  serum.  The  one  at  37°  clots  first. 
Take  the  reaction  of  the  serum  after  clotting.  It  is  acid.  Add  to  it 
3  or  4  small  drops  PeClg.  Observe  lemon  yellow  color  of  lactic  acid. 
Evaporate  another  portion  of  serum  or  water  bath.  Lactic  acid  in 
residue  by  Hopkin  's  method. 

Experiment  94.  Myosin. — The  clot  consists  of  myosin.  Separate  it. 
Observe  that  it  is  soluble  in  10  per  cent.  NaCl. 

Experiment  95.  Temperature  of  coagulation. — The  remainder  of 
the  undiluted  plasma  extract  (8  c.c.)  place  in  test-tube  with  thermometer, 
suspend  in  a  clamp  and  immerse  in  beaker  of  boiling  water  with  the 
bottom  of  the  tube  above  the  bottom  of  the  beaker.  Heat  the  water 
gradually.  Observe  the  temperatures  of  coagulation.  47°  paramyo- 
sinogen (Filter).    57°  myosinogen. 

The  extractives  of  muscle. — The  principal  substances  in  the  ex- 
tractives are  creatine  (the  name  of  which  signifies  that  it  comes  from 
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muscle),  hypoxanthine,  inosite,  and  numerous  other  substances.     Cre- 
atine and  hypoxanthine  may  be  prepared  in  the  following  manner : 

Experiment  96.  Preparation  of  creatine. — Take  10  grams  of  Lie- 
big's  beef  extract,  dilute  to  200  c.e.  with  water.  Add  Ba(0H)2  solution 
until  plainly  alkaline.  Filter  off  the  precipitate  of  phosphates,  car- 
bonates, etc.  Free  the  filtrate  from  excess  barium  by  saturating  the  solu- 
tion with  a  stream  of  COj.  Filter  from  BaCOg.  Evaporate  filtrate  in 
evaporating  dish  on  the  water  bath  to  a  syrup,  filtering  from  any  further 
precipitate  of  BaCOg  which  may  come  out  on  heating.  Set  aside  the 
syrup  for  a  few  days.  Crystals  of  creatine  appear  in  it.  These  are 
rhombic  crystals.    See  Figure  78.    When  crystallization  appears  to  be 


Fig.  78. 
Fig.  78. — Crystals  o(   creatine. 

complete  filter  off  through  a  small  suction  filter,  wash  the  crystals  with 
alcohol,  adding  the  wash  water  to  the  original  filtrate.  Save  the  filtrate 
for  hypoxanthine.  The  crystals  may  be  recrystallized  by  dissolving 
them  in  hot  water,  filtering  and  decolorizing  if  necessary  with  a  small 
pinch  of  charcoal,  and  evaporate  the  filtrate  again  on  the  water  bath  to 
crystallization. 

Experiment  97.  Conversion  of  creatine  to  creatinine. — ^Dissolve 
the  creatine  obtained  in  20  c.c.  hot  water.  Make  in  5  c.c.  of  this 
amount  the  tests  for  creatinine  (Jaffe's,  Weyl's).  Creatine  does  not 
give  these  tests.  The  other  15  c.c.  convert  into  creatinine  by  heating 
on  the  water  bath  in  a  small  flask  provided  with  a  reflux  condenser 
after  the  addition  of  15  c.c.  N  HCl  for  three  or  four  hours.  This  makes 
creatinine.  At  the  end  of  that  time  neutralize  the  acid,  and  repeat 
the  creatinine  tests  with  this  solution. 
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Experiment  98.  Hypoxanthine. — The  filtrate  from  experiment  96, 
after  crystallizing  the  creatine,  contains  a  small  amount  of  the  purine 
bases,  xanthine  and  hypoxanthine.  The  latter  used  to  be  called  sarcine 
to  indicate  its  origin  in  flesh.  To  separate  hypoxanthine  evaporate  the 
filtrate  on  the  water  bath  to  get  rid  of  the  alcohol,  dilute  with  20  c.c. 
water  and  add  to  the  solution  ammoniacal  silver  nitrate  solution  as  long 
as  a  precipitate  forms.  This  precipitates  a  compound  of  xanthine  and 
hypoxanthine  and  silver  oxide,  and  silver  compounds  of  any  other  purine 
bases  which  may  be  present.  Filter  off  the  precipitate  and  wash  with 
water ;  transfer  with  the  filter  paper  to  an  evaporating  dish,  add  a  few 
c.c.  15  per  cent.  HNO3,  heat  to  boiling  for  a  moment  to  dissolve  the  pre- 
cipitate and  filter  hot  through  a  small  folded  filter  paper.  The  hypo- 
xanthine silver  nitrate  is  insoluble  in  the  cold  and  crystallizes  out  on 
standing.  Observe  the  crystalline  form  under  the  microscope.  Long 
slender  prisms.  Filter  off  the  crystals  through  a  small  filter  and  save 
the  filtrate  for  xanthine.  To  prepare  hypoxanthine,  wash  the  crystals 
with  water,  suspend  in  a  little  water,  warm  to  dissolve  same  and  pass 
HjS  to  remove  silver.  Filter  off  silver  sulphide,  evaporate  on  water 
bath  until  free  from  HjS,  make  slightly  alkaline  with  ammonia,  con- 
centrate on  water  bath  until  odor  of  ammonia  is  gone,  filter  if  necessary, 
concentrate  to  a  small  bulk  and  put  aside  to  crystallize.  It  comes  out 
in  crusts  or  flakes  made  of  small,  colorless  crystals.  It  is  soluble  in 
300  parts  of  cold  water. 

Experiment  99.  Xanthine. — The  filtrate  from  the  hypoxanthine 
silver  nitrate  containing  the  xanthine  silver  nitrate  is  made  slightly  alka- 
line with  ammonia.  The  silver  oxide  xanthine  is  precipitated.  Filter. 
Wash  with  water.  Suspend  the  precipitate  in  a  little  water  and  pass 
HjS  to  free  from  silver.  Have  the  solution  warm.  Filter  from  silver 
sulphide  and  evaporate  the  solution  to  a  small  bulk  on  the  water  bath. 
Put  aside  for  crystallization.  If  xanthine  does  not  crystallize  out 
evaporate  further  on  the  water  bath  until  the  xanthine  begins  to 
come  out  in  white  deposits  on  the  side  of  the  dish.  It  is  very 
insoluble  in  water.  With  the  xanthine  make  the  murexide  test,  and 
compare  the  reaction  with  that  of  uric  acid.  Also  try  the  following 
reaction,  which  is  an  oxidation  to  dialurie  acid  and  alloxan  with  the 
formation  of  ammonium  purpurate.  (Weidel's  reaction.)  Oxidize  the 
xanthine  to  alloxan  by  dissolving  it  in  a  little  bromine  water  and 
evaporating  on  the  water  bath  to  dryness;  now  blow  a  little  ammonia 
fumes  across  the  residue.  They  turn  red,  due  to  the  formation  of 
ammonium  purpurate  (page  725). 


960  PHYSIOLOGICAL   CHEMISTRY 

Exercise  XXVII.    Bone. 

Bone  is  composed  of  an  organic  matrix  which  consists  of  protein 
materials,  collagen,  elastin,  chondrogen,  mucoid,  etc.,  and  deposited  in 
this  are  crystalline  inorganic  salts  of  phosphate  and  carbonate  of  lime. 

Experiment  loo. — Place  a  small  piece  of  bone  (20  to  50  grams),  rib 
or  femur  of  the  rabbit  killed  for  muscle,  in  100  c.c.  10  per  cent.  HCl 
and  allow  to  stand  at  room  temperature.  Note  the  effervescence  of  the 
carbonates.  The  acid  gradually  dissolves  out  the  salts.  After  several 
days  when  the  salts  are  fairly  well  removed  take  out  the  organic  matrix 
of  the  bone  and  filter.    Save  filtrate  for  102. 

Experiment  loi. — Organic  matrix.  Gelatine. — Observe  that  the 
bone  is  still  of  its  former  shape  and  size  but  is  now  flexible  and  trans- 
lucent. It  is  the  organic  matrix  which  gives  toughness  to  the  bone, 
while  the  salts  give  rigidity.  Wash  off  the  acid,  place  the  bone  in  50  c.c. 
water  in  beaker  and  boil.  Most  of  the  bone  will  go  into  solution.  The 
solution  on  cooling  gels.  This  is  due  to  the  formation  of  gelatine  from 
collagen. 

Experiment  102.  The  salts. — The  acid  solution  filtered  in  experi- 
ment 100  contains  abundant  phosphates  and  calcium.  There  is  not 
enough  phosphoric  acid  to  form  calcium  phosphate  with  all  the  calcium 
present  so  that  some  of  the  calcium  must  have  been  present  as  the  car- 
bonate. Determine  the  amount  of  phosphates  in  10  c.c.  and  also  the 
amount  of  Ca  in  the  same  amount.  Determine  the  phosphates  by  the 
method  given  on  page  1109,  experiment  304.  The  calcium  is  estimated 
as  given  on  page  1108,  experiment  302.  Calculate  the  amount  of  Ca 
necessary  to  form  Ca3(P04)2  with  the  phosphoric  acid  present.  The 
excess  has  been  present  as  carbonate.    A  little  magnesium  is  present  also. 

Exercise  XXVIII.    Potato 

Experiment  103.  Reaction. — Apply  azolitmin  paper  or  litmus  to 
the  freshly  cut  surface  of  the  potato.  An  acid  reaction  is  usual  in  most 
vegetables.  Test  for  lactic  acid  by  the  thiophene  test  or  Uffelman  in 
the  filtered  extract  of  experiment  104. 

Experiment  104.  Starch. — The  principal  constituent  of  the  potato 
is  starch.  Scrape  into  a  fine  pulp  some  of  a  potato  and  collect  the 
scrapings  in  a  small  beaker  with  a  little  water.  The  starch  settles 
quickly  to  the  bottom.  Take  a  drop  out  and  observe  under  the  micro- 
scope. To  the  drop  on  the  slide  add  a  drop  of  KI3  solution.  Observe 
the  deep  blue  color  of  the  grains. 

Experiment  105.  Sugar. — The  potato  also  contains  a  good  deal  of 
sugar,  dextrose.    Filter  off  a  little  of  the  potato  juice  and  extract  from 
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the  beaker,  add  a  couple  of  drops  of  copper  sulphate  and  make  alkaline 
with  NaOH  two  drops,  and  heat.    Eeduction  occurs. 

Experiment  io6.  Protein. — Transfer  some  of  the  decanted  starch 
and  potato  suspension  to  a  test-tube,  add  a  couple  of  c.c.  of  glyoxylie 
acid  and  pour  underneath  some  concentrated  sulphuric  acid  for  the 
tryptophane  test.  It  is  positiYC.  Try  also  the  Millon  (strong)  and 
biuret. 

Experiment  107.  Oxidase. — The  fresh  potato  contains  oxidase. 
This  is  shown  by  its  power  of  bluing  tincture  of  guaiac  without  the 
addition  of  peroxide  or  turpentine."  To  3  c.c.  of  the  filtered  extract  of 
the  shredded  potato  add  a  couple  of  drops  of  guaiac  tincture  and  shake. 
Observe  the  deep  blue  color  which  develops.  This  is  the  sign  of  an 
oxidase. 

Experiment  108  Catalase. — ^Potato  contains  also  eatalase.  To  3  c.c. 
of  the  filtered  extract  add  a  little  of  hydrogen  peroxide.  Observe  the 
effervescence  of  gas  due  to  the  catalase  present.  The  gas  is  oxygen. 
Catalase  is  found  in  all  living  tissues. 

Experiment  109.  Bread. — Test  some  small  pieces  of  bread  for  re- 
ducing sugar,  starch  and  protein.  See  experiment  69  for  isolation  of 
gliadin  from  flour. 


CHAPTER  XXVII. 

SALIVAEY  DIGESTION. 
Exercise  XXIX.    Sajliva 

Collect  some  saliva  by  chewing  paraffine  and  expectorating  into  a 
beaker.    Collect  about  25  e.e.  of  filtered  saliva. 

With  this  saliva  carry  out  the  following  experiments: 

Experiment  no.  Reaction. — Test  its  reaction  to  litmus,  phenol- 
phthalein  and  congo  red.  Determine  the  concentration  of  hydrogen 
ions  in  saliva  by  adding  1  c.c.  phenolsulphonephthalein  to  2  c.c.  of  the 
filtered  saliva  and  comparing  with  the  standard.    See  page  322. 

Experiment  in.  Mucin. —  Precipitate  20  c.c.  filtered  saliva  by  add- 
ing 4  volumes  of  95  per  cent,  alcohol.  Allow  to  settle,  then  filter 
through  a  7  cm.  filter  and  identify  the  mucin  in  the  precipitate  by  the 
following  tests : 

1.  Dissolve  the  precipitate  as  fully  as  possible  in  a  little  water.  To 
a  portion  of  the  solution  add,  drop  by  drop,  dilute  acetic  acid.  A  stringy 
precipitate  insoluble  in  acetic  acid  but  soluble  in  0.1  per  cent.  HCl 
indicates  mucin.  In  a  little  dilute  sodium-carbonate  solution  the  pre- 
cipitate from  the  acetic  acid  redissolves  to  a  slimy  solution. 

2.  Make  the  biuret,  Molisch  and  Millon  tests  with  the  solution. 
The  positive  Molisch  test  shows  the  presence  of  carbohydrates  in  the 
molecule.    Mucin  is  a  glycoprotein. 

Experiment  112.  Digestive  action. — Saliva  has  the  property  of 
dissolving  starch  and  converting  it  to  maltose,  a  reducing  sugar.  The 
active  principle,  or  enzyme,  which  causes  the  transformation  of  the 
starch  is  called  "  ptyalin."  For  a  fuller  account  of  this  substance  and 
the  conditions  of  its  activity  see  page  331.  To  ilUustrate  this  action  and 
to  study  the  conditions  of  activity  of  ptyalin,  prepare  about  100  c.c.  of 
starch  paste  by  the  method  given  on  page  963. 

Experiment  113.  Raw  starch  is  not  digested  by  ptyalin,  except 
very  slowly. — Place  a  little  raw  starch,  as  much  as  can  be  held  on  the 
point  of  a  knife,  in  5  c.c.  of  water  in  a  test-tube  and  add  1  c.c.  of  the 
filtered  saliva.  Mix  and  allow  the  two  to  act  together  for  30  minutes  or 
longer.  At  the  end  of  that  time  test  the  reducing  action  of  a  portion  of 
the  solution  by  Fehling's  solution  as  indicated  in  experiment  11.  Com- 
pare the  result  with  the  action  on  boiled  starch.     The  failure  of  the 
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enzyme  to  digest  the  uncooked  starch  is  due  to  the  fact  that  the  outside 
of  the  grain  of  starch  is  either  cellulose  or  some  other  carbohydrate  not 
easily  penetrated  by  the  ptyalin.  If  this  is  broken  by  chewing,  etc., 
then  the  starch  digests.  To  show  this  take  some  of  the  same  kind  of 
starch  used  in  the  preceding  experiment,  chew  it  thoroughly  for  a  few 
moments,  expectorate  it  into  a  test-tube,  dilute  with  a  little  water  and 
test  for  a  reducing  sugar.    The  test  should  be  positive. 

Experiment  114.  Starch  paste  is  digested  with  great  speed  by 
ptyalin. — Take  5  e.c.  of  the  1  per  cent,  starch  paste  in  a  test-tube,  add 
about  1  e.c.  of  the  filtered  saliva,  mix  thoroughly  by  inverting  the  tube 
with  the  thumb  held  over  the  end.  Then  at  once  heat  the  solution  to 
boiling  in  the  Bunsen  burner  in  order  to  stop  the  action  of  the  ptyalin. 
Notice  the  very  rapid  clearing  of  the  starch  solution  when  the  saliva 
is  added,  if  the  saliva  is  active.  Now  take  about  3  e.c.  of  the  solution, 
add  3  e.c.  of  the  Fehling  mixture  and  boil.  A  copious  reduction  to  the 
red  cuprous  oxide  is  obtained  if  the  saliva  is  normally  active.  This 
shows  that  saliva  forms  a  reducing  sugar  from  the  starch  at  the  very 
start  of  its  action.  Try  to  see  how  short  the  time  of  contact  of  the 
saliva  and  starch  can  be  and  still  result  in  the  formation  of  a  reducing 
sugar,  maltose.  The  action  of  the  saliva  can  be  stopped  most  easily 
and  instantaneously  by  making  the  mixture  fairly  alkaline  with  NaOH. 
The  great  speed  of  the  action  on  cooked  starch  contrasts  strongly  with 
the  slowness  of  digestion  of  uncooked. 

Experiment  115. — Formation  of  dextrins  from  starch. — Place  on  a 
white  porcelain  plate  several  drops  of  KI3  solution.  Now  place  in  a  test- 
tube  10  e.c.  of  starch  paste  and.  2  e.c.  of  saliva,  mix  well  and  place  in 
the  water  bath  at  38-40°  C.  From  time  to  time  remove  a  drop  on  a  glass 
rod  and  touch  it  to  a  drop  of  KI3  on  the  plate.  At  first  the  color  will 
be  pure  blue,  that  of  starch  iodide  itself.  Gradually  the  color  will 
change  to  a  violet,  then  to  a  reddish  or  reddish  brown  and  finally  the 
red  color  will  be  given  more  and  more  faintly  and  ultimately  it  will  dis- 
appear. The  time  when  this  happens  should  be  noted.  It  is  the  achromic 
point.  The  time  taken  to  reach  this  point  under  similar  conditions  of 
experimentation  may  be  taken  as  a  measure  of  the  digestive  strength  of 
the  saliva.  The  red  color  is  due  to  erythrodextrin,  or  red  dextrin,  the 
colorless  solution  still  contains  a  colloidal  dextrin,  achroodextrin. 

Experiment  116.  Determination  of  the  H  ion  concentration  most 
favorable  to  the  digestion  of  starch  by  saliva. — Saliva  digests  best  in 
a  very  feebly  acid  medium,  that  is  a  medium  acid  to  litmus  but  alkaline 
to  Congo  red. 

Take  of  the  buffer  solutions  into  separate  test-tubes  5  c.c.  each  of  the 
buffers  containing  the  following  H  ion  concentrations  (Ph),  i.e.,  8.0,  7.4, 
6.8,  6.0,  5.3,  5.0.  To  each  tube  add  1  c.c.  of  1  per  cent,  starch  paste  and 
1  e.c.  of  NaCl  0.9  per  cent,  solution.    Then  add  to  each  tube,  as  nearly 
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simultaneously  as  possible,  1  e.e.  of  fresh  saliva  diluted  to  5  volumes  with 
water.  Immerse  all  in  a  beaker  of  water  at  37°  and  from  time  to  time 
remove  a  drop  of  the  mixture  of  each  tube  by  means  of  a  glass  rod-and 
mix  it  with  a  very  small  drop  of  KI3  solution  on  a  porcelain  plate. 
Observe  which  tube  gives  a  pink  and  then  a  colorless  solution  in  the 
shortest  time.  When  one  of  the  tubes  has  apparently  reached,  or  nearly 
reached,  the  achromic  point,  remove  all  from  the  water  bath  (this  will 
be  usually  after  about  10-15  minutes)  and  add  to  each  tube  two  drops 
of  KI3,  adding  with  a  1  c.c.  pipette  so  that  the  drops  are  not  large. 
Now  compare  the  colors  of  the  different  tubes  after  mixing.  One  tube, 
i.e.,  that  of  the  most  favorable  H  ion  concentration,  will  be  nearly  color- 
less, the  others  will  be  the  deeper  blue  the  slower  they  have  digested. 
Eecord  which  tube  digests  best.  Michaelis  states  that  6.7  is  the  most 
favorable  concentration.  Do  you  agree  with  this?  This  experiment  is 
of  importance  since  digestion  takes  place  by  the  saliva  in  the  stomach 
under  conditions  of  slight  acidity. 

Directions  for  making  the  buffer  solutions  are  xhcn  on  pages  544 
and  1122. 

Experiment  117.  The  action  of  the  saliva  is  lost  by  boiling. — Heat 
some  saliva  to  boiling  and  then  mix  it  with  starch  paste  under  the  same 
conditions  as  in  experiment  115.  From  time  to  time  test  the  iodine 
reaction  and  see  if  any  reducing  substance  (maltose)  appears  in  the 
mixture.  The  fact  that  the  property  of  the  saliva  is  lost  by  heating 
shows  that  the  substance  which  is  active  is  unstable,  heat  labile  and,  since 
a  little  of  it  converts  a  great  deal  of  starch,  it  is  called  an  enzyme. 

Experiment  118.  Salts  are  necessary  for  the  action  of  ptyalin. — 
Dialyse  some  saliva  until  it  is  free  from  chlorides.  Prepare  two  tubes 
of  5  c.c.  each  of  1  per  cent,  starch  solution.  To  one  (A)  add  1  c.c. 
N  NaCl  solution ;  to  the  other  add  1  c.c.  distilled  water.  Now  add  to 
each  tube  1  c.c.  of  the  dialysed  saliva  and  immerse  in  water  heated  to 
37°.  Observe  the  course  of  the  digestion  in  each  by  taking  a  drop  from 
each  tube  from  time  to  time  and  touching  the  drop  to  a  drop  of  KI3  solu- 
tion on  a  porcelain  plate.  The  digestion  goes  most  rapidly  in  the  tube  to 
which  salt  has  been  added  and  the  color  changes  from  a  blue  to  a  red  and 
finally  the  achromic  point  is  reached.  The  dialysed  saliva  loses  its  activ- 
ity but  this  is  restored  by  the  addition  of  NaCl,  among  other  salts. 

Experiment  119.  Excretion  of  salts  in  saliva. — The  saliva  contains 
many  substances  which  are  adventitious,  excretory  substance.  Iodides 
pass  readily  into  the  saliva.  By  swallowing  sodium  iodide  (3  grains)  in 
capsules  and  noting  the  time  at  which  the  iodine  reappears  in  the  saliva, 
an  idea  may  be  had  of  the  motor  activity  of  the  stomach,  since  the  absorp- 
tion is  largely  from  the  intestine.  The  iodides  must  be  passed  through 
the  stomach  before  they  are  reabsorbed.  To  test  for  iodine  in  saliva  add 
to  it  a  little  starch  paste  and  at  once  thereafter  a  drop  of  FeCIj  solution 
or  a  drop  of  HNOo  solution  and  acidify. 


CHAPTER  XXVIII. 

GASTRIC  DIGESTION. 
Exercise  XXX.    Pepsin,  pepsinogen,  eennin  and  hci. 

On  account  of  the  difficulty  of  obtaining  sufficient  quantities  of 
gastric  juice,  the  experiments  which  follow  will  be  made  with  artificial 
gastric  juice.  In  making  this  juice  it  is  best,  if  the  mucous  membranes 
of  the  hog's  stomach  can  be  obtained,  to  make  the  juice  by  extracting 
the  dried  or  undried  mucous  membrane  with  0.4  per  cent.  HCI.  A  large 
amount  of  the  mucous  membrane  can  be  dried  on  glass  plates,  then 
extracted  with  gasoline  and  ground  and  kept  on  hand.  If  mucous  mem- 
branes cannot  be  obtained,  a  similarly  acting  juice  may  be  made  from 
commercial  pepsin  preparations,  which  are  generally  made  from  hog's 
stomach  mucosa  by  allowing  it  to  digest  with  acid,  dialyzing  out  much 
of  the  protein  digestive  products  and  drying  the  pepsin  solution  on 
glass  plates  at  low  temperatures.    This  makes  scale  pepsin. 

Experiment  120.  Reaction  of  the  mucous  membrane. — Test  the 
reaction  of  the  fresh  mucous  membrane  of  the  hog's  stomach  to  litmus. 
It  will  be  found  to  be  either  very  faintly  acid  or  slightly  alkaline.  There 
is  no  storage  of  hydrochloric  acid  in  the  membrane,  although  it  secretes 
a  juice  strongly  acid  with  HCI. 

Experiment  121.  The  active  digestive  principle  of  gastric  juice 
is  stored  in  the  mucosa  and  digests  proteins. — That  the  mucous  mem- 
brane contains  pepsin  which  digests  proteins  in  an  acid  solution  may  be 
shown  as  follows: 

Take  50  grams  of  hashed  pig's  stomach  mucosa,  add  to  it  250  e.c. 
of  0.4  per  cent.  HCI,  place  it  in  a  flask  and  allow  it  to  digest  itself  for 
24  hours  at  37-40°  C.  At  the  end  of  that  time  filter  the  solution  from 
the  undigested  residue  and  test  the  solution  for  the  metaproteins :  acid 
albumin  (precipitation  on  exact  neutralization  to  limus),  protalbumose, 
deutero-albumose  and  peptone.  The  peptone  and  peptides  can  be  re- 
moved from  the  solution  without  injuring  the  pepsin  by  dialysis.  The 
presence  of  these  digested  proteins,  when  the  digestion  has  occurred  in 
.4  per  cent.  HCI,  shows  the  enzyme  to  be  pepsin. 

Experiment  122.  Existence  of  pepsinogen. — Principle  and  object. 
This  experiment  constitutes  the  chief  evidence  that  pepsin  exists  in 
the  mucous  membrane  of  the  stomach  in  an  inactive,  more  resistant 
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form,  which  has  been  called  pepsinogen.  The  evidence  consists  in  the 
fact,  shown  by  this  experiment,  that  a  neutral  infusion  of  the  stomach 
mucosa  can  be  made  alkaline  by  sodium  carbonate  without  permanently 
losing  its  activity.  That  is,  digestive  action  returns  when  it  is  reaeidi- 
fied;  whereas  an  acid  infusion,  or  a  neutral  infusion  which  has  been 
made  acid  by  HCl  and  consequently  contains  active  pepsin,  cannot 
be  made  alkaline  without  losing  the  greater  part  of  its  activity.  The 
pepsin  is  evidently  very  sensitive  to  alkalies;  whereas  the  substance  in 
the  neutral  infusion  is  not  nearly  so  sensitive.  This  inactive  precursor, 
or  form,  of  pepsin  is  called  pepsinogen,  the  theory  being  that  it  goes 
into  pepsin  by  the  action  of  acid. 

To  make  fhe  neutral  infusion.  To  0.5  gram  of  dried,  fat-free,  pow- 
dered hog  stomach  mucosa  add  50  c.c.  distilled  water.  Mix  well  and 
allow  to  stand  for  20  minutes.    Then  strain  through  cheese  clotlL 

The  experiment.  Measure  four  5  c.c.  portions  of  this  infusion  into 
four  test-tubes  and  label  them  (a),  (b),  (c)  and  (d). 

(a)  To  (a)  add  4  c.c.  water  and  1  c.c.  N  NaaCOa-  Allow  to  stand 
for  15  minutes  at  room  temperature,  then  make  it  acid  by  the  addition 
of  3  c.c.  NHCl  and  dilute  to  20  c.c.    This  tube  now  contains  N/10  HCl. 

(b)  To  (b)  add  2  c.c.  N  HCl  and  dilute  to  20  c.c.  This  tube  also 
contains  N/10  HCl,  approximately  0.36  per  cent.,  but  the  infusion  has 
not  been  alkaline  at  any  time. 

(c)  To  (c)  add  0.6  c.c.  N  HCl  and  0.4  c.c.  H^O,  so  that  the  total 
volume  is  6  c.c.  After  standing  15  minutes  at  room  temperature,  add 
1.6  c.c.  N  NajCOs  and  dilute  to  10  c.c.  Allow  to  stand  for  15  minutes. 
This  tube  now  contains  the  same  concentration  of  N  NajCOa  that  (a) 
did,  but  the  solution  has  been  exposed  to  acid  for  a  time,  so  as  to  form 
pepsin.'  Now  add  to  this  tube,  after  standing  15  minutes,  3  c.c.  N  HCl 
and  dilute  to  20  c.c.  with  water.  This  tube  also  now  contains 
N/10  HCl. 

(d)  To  (d)  add  1  c.c.  N  NaCl  and  dilute  to  20  c.c. 

Transfer  10  c.c.  samples  of  these  solutions  to  four  dry  test-tubes, 
label  each  accurately,  add  a  piece  of  fibrin  about  the  size  of  a  pea  to 
each  and  digest  at  35-40°  C.  at  the  same  time  and  for  the  same  length 
of  time.  Observe  the  digestion  in  each  tube,  (b)  should  be  the  fastest, 
but  compare  especially  the  rate  of  digestion  in  (a)  and  (b). 

Experiment  123.  To  show  the  optimum  concentration  of  acid  and 
hydrogen  ions  for  peptic  activity  and  the  action  of  different  kinds  of 
the  same  concentration. — Principle.  This  experiment  illustrates  a  very 
interesting  fact  which  is  apparent  everywhere  in  nature :  namely,  that 
all  kifads  of  living  phenomena  take  place  at  their  optimum  under  tbr 
conditions  which  prevail  in  nature.  This  is  called  "  adaptation."  ii 
may  be  observed  in  this  experiment  that  the  digestion  goes  best  at  the 


PRACTICAL  WORK  AND  METHODS 


967 


concentration  of  HCl  normally  present  in  the  stomach;  and  that  the 
most  favorable  acid  is  HCl,  the  acid  normally  present. 

Prepare  the  following  mixtures  in  large  test-tubes.  For  the  pepsin 
solution  take  some  of  the  artificial  juice  prepared  in  expt.  121  and  add 
thereto  NajCOj  solution  until  the  solution  is  no  longer  acid  to  congo  red, 
but  is  still  acid  to  litmus.  After  the  contents  of  each  tube  have  been 
well  mixed,  add  to  each  an  amount  of  fibrin  equal  in  voliune  to  a  small 
pea.  Shake  each  tube  from  time  to  time  and  digest  at  35-40°  C.  for 
10-20  minutes. 


Tube 


a 
b 
c 
d 
e 
f 

g 
h 


Neutialized 
juice 

C.C. 


FiiBt  addition 
c.c. 


5  HO 

2 

9.8  " 

9.5  " 

9.3  " 

9.0  " 

8.5  " 

8.0  « 

6.0  " 


Second  addition 
c  c. 

5 

HjO       1 

0.2 

n' 

HCl 

0.5 

it 

it 

0.7 

" 

" 

1.0 

(t 

t( 

1.5 

(( 

(( 

2.0 

<t 

tc 

4.0 

(t 

it 

Calculated  HCl 
concentration 


Relative  activity 


Determine  the  hydrogen  ion  concentration  in  that  tube  which  has 
digested  best  by  filtering  off  5  c.c,  adding  to  it  2  drops  of  0.01  per  cent, 
solution  of  gentian  violet  and  matching  the  color  of  the  tube  with 
a  series  of  tubes  each  containing  5  c.c.  and  2  drops  of  0.01  per  cent, 
gentian  violet  but  containing  the  following  concentrations  of  HCl: 
COIN;  0.03;  0.05;  0.07;  0.10;  0.15N.  What  is  the  most  favorable  H 
ion  concentration  for  peptic  digestion? 

The  action  of  other  acids  in  peptic  digestion.  Prepare  a  set  of  large 
tubes  as  above,  one  with  the  optimum  amount  of  N  HCl  added  and  the 
others  with  the  same  volumes  of  N  HNO3,  N  H^SO^,  N  oxalic,  N  lactic 
and  N  acetic  respectively.  Then  add  fibrin  and  digest  as  above.  Do 
all  the  acids  act  equally  well? 


EXEECISE   XXXI. 

Experiment  124.  Pepsin  quantitative  determination. — The  quanti- 
tative determination  of  pepsin  is  made  by  one  of  the  following  methods. 
Most  of  these  are  adapted  for  clinical  examination  of  the  gastric  juice. 
The  activity  of  the  juice  is  compared  with  the  activity  of  a  standard 
solution  of  pepsin. 

a.  Jacohy's  method.  0.5  gram  of  ricin  are  dissolved  in  50  c.c.  of 
a  5  per  cent.  NaCl  solution  and  filtered.  To  the  opalescent  liquid 
enough  N/10  HCl  is  added  to  make  it  slightly  cloudy,  and  5  c.c.  is 
placed  in  each  of  10  test-tubes_  in  the  water  bath  at  38°  C.  The  stomach 
juice,  or  the  pepsin  solution,  is  added  in  decreasing  amounts  to  each 
of  the  tubes  and  the  tubes  are  made  up  to  the  same  volume  by  the  addi- 
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tion  of  distilled  water  or  eboked  juice.  The  greatest  dilution  which 
after  three  hours  in  the  thermostat  clarifies  the  ricin  shows  the  lowest 
concentration  of  juice  which  can  fully  digest  this  amount  of  protein. 
If  1  e.e.  of  juice  diluted  lOOX  is  able  to  do  this,  it  contains  100  pepsin 
units.  If  the  total  acidity  of  the  juice  is  normal  and  equal  to  40-60  e.c. 
of  N/10  NaOH,  the  juice,  if  normal,  should  contain  100-200  peptic 
units.  In  hypo  acidity  the  pepsin  is  generally  reduced ;  in  hyper  acidity 
it  remains  about  the  same.  In  the  absence  of  HCl  there  may  still  remain 
a  very  weak  digestive  action. 

*  b.  Mett's  method.  Procure  two  glass  tubes  (2-3  mm.  internal 
diameter  and  7  cm.  long)  from  the  storeroom,  draw  up  fresh  egg  white 
in  the  same  until  filled ;  then  place  horizontally  in  water  which  is  boiling 
hot,  remove  the  flame  and  allow  the  tubes  to  remain  in  the  water  for 
10  minutes.  Remove  and  allow  to  cool.  When  the  solutions,  etc.,  below 
are  all  ready  for  use,  cut  the  capillary  tubes  into  lengths  of  approxi- 
mately 1  cm.  each.  The  coagulated  egg  albumen  must  be  free 
from  air  bubbles  and  the  broken  surfaces  must  be  even  with  the  glass 
ends. 

Prepare  two  %-inch  flat-bottom  vials  as  follows: 

(a)  0.5  c.c.  0.3  per  cent,  solution  of  1:3,000  U.S.P.  pepsin  in  0.2 
per  cent.  HCl  plus  4.5  e.c.  0.2  per  cent.  HCl  and  2  Mett's  tubes. 

(b)  1.0  c.c.  unknown  solution  in  0.2  per  cent.  HCl  plus  4.0  c.c.  0.2 
per  cent.  HCl  and  2  Mett's  tubes. 

Eotate  gently,  stopper  lightly  with  cork  and  set  aside  at  35-40°  C. 
for  24  hours.  Gas  bubbles  may  cling  to  the  ends  of  the  tubes,  be  sure 
to  brush  these  off  with  a  fine  wire  before  setting  aside  to  digest.  The 
Mett's  tubes  must  lie  flat  on  the  bottom  of  the  tube.  Remove  all  the 
tubes  at  the.  same  time  and  place  on  a  millimeter  scale,  then  by  means 
of  a  lens  measure  the  lengths  of  albumen  dissolved  at  both  ends  of  each 
tube.  This  gives  four  readings  for  each  solution  tested.  Take  the  aver- 
age of  the  four  readings. 

The  above  conditions  are  such  that  the  Schiitz  law  holds.  What  is 
this  law  and  what  are  the  conditions  under  which  it  holds?  Calculate 
the  per  cent,  concentration  of  the  unknown  solution  in  1 : 3,000  U.S.P. 
pepsin.  The  U.S.P.  standard  of  1 : 3,000  means  that  1  part  of  pepsin 
dissolves  3,000  parts  of  coagulated  egg  white  in  2y2  hours  when  tested 
by  the  U.S.P.  assay  method. 

c.  Edestin  method  (Fuld).  The  most  accurate,  quick  and  con- 
venient method  for  estimating  the  amount  of  pepsin  present  in  gastric 
contents  or  any  other  liquid  is  by  means  of  edestin.  Since  the  early 
stages  of  digestion  are  most  accelerated  by  pepsin  the  method  chosen 
should  show  this  change.  This  is  the  case  in  the  edestin  method.  The 
following  method  is  practically  that  of  Fuld. 
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Dissolve  0.1  gram  of  edestin  in  100  c.c.  0.1  N  HCl.  Heat  if  necessary 
to  dissolve.  If  2  c.c.  of  this  solution  are  superimposed  in  a  test-tube 
above  2  c.c.  of  saturated  NaCl  solution,  a  white  ring  of  edestin  hydro- 
chloride appears  at  the  zone  of  contact,  and  if  the  solutions  are  mixed 
a  white  cloudiness  is  produced.  "When  edestin  is  digested  this  ring  or 
cloudiness  no  longer  appears  and  the  method  consists  in  comparing  the 
time  necessary  for  the  unknown  to  digest  the  edestin  to  a  point  where 
it  no  longer  forms  the  ring  and  comparing  this  time  with  the  time  taken 
by  a  solution  of  pepsin  of  known  strength.  The  amount  of  pepsin  in 
the  two  solutions  is  inversely  as  the  time. 

To  make  the  test,  first  prepare  a  standard  solution  of  pepsin  by 
dissolving  0.01  gram  of  a  good  commercial  pepsin  (strength  of  1 :3,000. 
See  final  paragraph  of  the  Mett  method)  in  10  c.c.  of  N/lOth  HCl.  Do 
not  heat  this.  Transfer  of  the  edestin  solution  25  c.c.  to  each  of  two 
50  c.c.  flasks.  To  one  of  these  add  1  c.c.  of  the  standard  pepsin  solution 
and  4  c.c.  of  HjO,  and  to  the  other  5  c.c.  of  the  unknown  solution 
(filtered  stomach  contents,  etc.)  note  the  time  of  addition,  mix,  and  let 
stand  at  35°  C.  At  15  minute  intervals  remove  2  c.c.  from  each  flask 
and  superimpose  it  upon  2  c.c.  saturated  NaCl  in  a  test-tube  and  note 
the  time  at  which  the  edestin  is  so  digested  that  it  no  longer  gives  a 
white  ring.  This  will  take  for  the  standard  about  25  minutes.  If  the 
unknown  takes  twice  as  long,  the  concentration  of  pepsin  in  it  is  1/lOth 
that  in  the  standard,  since  the  amount  taken  was  5  c.c.  as  compared 
with  1  c.c.  of  the  standard. 

The  following  experiment  (Miss  Kronacher)  shows  the  relationship 
between  the  concentration  of  pepsin  and  the  time  of  digestion  of  edestin : 
(Temp.  24°  C.) 


Concentration  of  pepsin 
(Armour's  scale) 

Time  in   minutes  to 

disappearance  of  edestin  pptn. 

0.1%  edestin  in  M/10  HCl 

Time  x 
concentration 

.008% 
.004% 
.002% 
.001% 

25 

50 

100 

205 

0.200 
0.200 
0.200 
0.205 

Experiment  125.  The  coagulation  of  milk  by  rennin.  Rennin  is 
activated  by  HCl,  like  pepsin. — Principle.  This  experiment  is  de- 
signed to  show  that  mucous  membranes  of  calves'  stomachs  contain  an 
enzyme  or  active  principle  which  coagulates  milk  in  a  neutral  solution, 
and  that  it  exists  in  the  mucosa  in  an  inactive  form,  being  activated 
by  HCl. 

(a)  To  0.5  gram  dried,  fat-free,  powdered  calves*  rennets  add 
X  c.c.  of  water.    The  value  of  x  will  be  given  you  by  the  instructor.    It 
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has  to  be  determined  by  a  preliminary  experiment,  as  the  rennet  activity 
is  variable,  and  the  condition  of  the  milk  varies.  It  should  be  so  chosen 
that  the  time  of  coagulation  in  the  following  most  favorable  tube  is 
between  5  and  10  minutes.  After  standing  15  minutes  strain  through 
cheese  cloth.  Take  three  5  c.c.  samples  and  treat  as  follows,  making  all 
measurements  very  carefully: 

(b)  To  5  c.c.  add  exactly  45  c.c.  distilled  water  and  mix  well. 

(c)  To  5  c.c.  add  1  c.c.  N/10  HCl,  and  after  5  minutes  gradually 
add  while  stirring  1  c.c.  N/10  NajCOa.  Next  add  43  c.c.  distilled  water 
and  mix  well. 

(d)  To  5  c.c.  add  1  c.c.  N/10  NaCl  and  after  5  minutes  add  44  c.e. 
distilled  water  and  mix  well. 

Now  determine  how  long  it  takes  for  each  (b),  (e)  and  (d)  to  curdle 
milk  when  the  following  conditions  are  observed.  Measure  into  three 
clean,  dry,  large  (1-ineh  diameter)  test-tubes  (large  tubes  are  used  so 
as  to  permit  of  instantaneous  mixing)  10  c.c.  samples  of  sweet,  well- 
mixed  milk.  Heat  each  to  40°  C.  When  all  the  tubes  are  ready 
add  1.0  c.c.  of  (b),  (c)  and  (d)  to  the  respective  tubes;  mix 
immediately  after  the  addition  and  accurately  note  the  time  to  within 
5  seconds. 

Place  all  in  the  bath  at  40°  C.  Now  do  not  shake  the  mixture,  but 
remove  the  tubes  one  by  one  from  the  bath  from  time  to  time  (every 
30  seconds),  incline  the  tubes  gently  and  note  the  time  in  each  tube 
when  the  curd  breaks  away  smoothly  from  the  side  of  the  tube.  Write 
your  own  explanation  of  why  the  milk  is  solidified  at  different  rates  in 
these  tubes. 

Experiment  126.  Relation  of  the  time  of  coagulation  to  the 
amount  of  rennin.  Time  law. — Take  5  c.c.  samples  of  (c)  above  and 
prepare  dilutions  as  follows: 

(e)  5  c.c.  plus  2y2  c.e  water  and  mix  well. 

(f)  5  c.c.  plus  5  c.c.  water  and  mix  well. 

(g)  Now  determine  how  long  it  takes  for  1.0  c.c.  of  (e),  (e)  and  (f) 
to  curdle  10  c.c.  of  milk  at  40°  C.  Is  the  time  of  coagulation  inversely 
proportional  to  the  amount  of  rennin? 

Experiment  127.  Calcium  salts  are  necessary  for  the  coagulation 
of  milk,  but  not  for  the  action  of  the  rennin  on  casein. — ^Prepare  large 
test-tubes  as  follows: 


Tube 

Milk 

other  addition 

a         

10  c.c. 

<c      it 

2c.c.  2%   (NHJ^CO    Sol. 
4  c.c.  H  0 

b  

2c.c.  5%  CaCljj  Sol. -f  2  c.c.2%  (NH^)^CjO^Sol. 
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"Warm  to  40°  C.  and  keep  in  a  bath  at  40°  C.  To  each  tube  now  add 
sufficient  of  solution  (c),  experiment  125  above,  to  cause  the  contents 
of  the  tube  (b)  to  curdle  in  7-12  minutes.  As  soon  as  (a)  has 
stood  with  the  enzyme  solution  the  length  of  time  it  required  (b)  to 
curdle,  at  once  add  2  c.c.  2  per  cent.  CaClj  solution  to  (a), 
mix  well  and  note  whether  coeigulation  now  occurs.  This  tube  should 
coagulate  at  once  on  the  addition  of  CaClj  if  the  experiment  is  accurately 
performed. 

Experiment  128.  The  calf's  stomach  extract  has  a  weak  peptic 
action,  but  a  strong  rennin  action ;  the  conditions  are  reversed  in  the 
pig's  stomach. — ^Prepare  50  c.c.  1  per  cent,  water  extract  of  dried  calves' 
rennets  and  50  c.e.  1  per  cent,  extract  of  dried  hogs'  stomach  mucosa. 
Allow  each  to  digest  for  15  minutes,  then  filter  and  measure  off  accu- 
rately (without  contaminating  one  solution  with  the  other)  into  dry 
vessels  two  10  c.c.  portions  of  each.  To  each  10  c.c.  portion  now  add 
2  C.C.  N  HCl.  After  standing  1  to  5  minutes,  add  carefully  2  c.c. 
N  Na^COg  to  one  tube  from  each  set  and,  after  mixing  each  well,  com- 
pare these  as  to  curdling  action  on  milk. 

After  5  to  30  minutes  add  to  the  other  10  c.c.  portions  of  acid 
solutions  10  c.c.  distilled  water,  mix  each  well,  warm  to  40°  C.  and 
add  the  same  amount  of  well-washed  fibrin  to  each.  Digest  at  40°  C. 
and  note  from  time  to  time  the  relative  rates  at  which  the  fibrin  is 
dissolved. 

Exercise  XXXII.    Examination  of  gastric  contents. 

Test  meal.  The  supper  should  have  been  light  and  nothing  should 
have  been  eaten  for  12  hours  before  the  test  meal.  In  the  morning  a 
roll  and  a  piece  of  bacon  are  thoroughly  chewed  and  swallowed  and  a 
cup  of  weak  tea  or  coffee  or  water  taken.  Forty-five  or  sixty  minutes 
later  the  stomach  tube  is  swallowed,  the  Rehfuss  tube  (Figure  79),  and 
the  contents  obtained  by  suction  by  a  syringe.  The  amount,  clarity,  odor, 
appearance  of  the  contents  should  be  noted.  Any  blood  or  hematin 
should  be  noted.  Occult  blood  may  be  tested  for  by  the  benzidine 
reaction.  The  principal  information  desired  is  as  to  the  hydrochloric 
acid.    The  following  determinations  should  be  made : 

1.  Total  acidity. 

2.  Free  hydrochloric  acid. 

3.  H  ion  concentration. 

4.  Presence  of  lactic,  butyric  or  other  acids  showing  fermentation. 

5.  Pepsin  may  be  tested  for  in  the  manner  described  but  usually 
the  pepsin  content  goes  parallel  with  the  acid,  so  that  if  the  HCl  is 
normal  the  pepsin  is  also. 
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6.  A  microscopic  examination  should  be  made  for  parasites.,  sar- 
cinse,  molds,  etc. 

7.  Combined  HCl  may  also  be  determined. 


/^^ 


n 


A  B 

Fig.  79. — Stomach  tube.     A,  Rehfuss.     B,  Lyon's  modlflcatlon  of  Rehfuss. 

Practice  may  be  obtained  in  making  these  tests  by  examining  a 
sample  of  artificial  gastric  juice  made  up  as  described  in  experi- 
ment 123. 

Method  of  ohtmnimg  stomach  contents.  Stomach  contents  for 
analyses  are  readily  obtained  without  serious  discomfort  to  the  patient 
by  the  use  of  the  Rehfuss  tube  or  the  Lyon  modification  of  the  same. 
This  tube  is  a  very  small  soft  rubber  tube  having  on  the  end  a  metal 
attachment  provided  with  holes  or  slits  through  which  the  stomach 
contents  enter  the  tube.  To  obtain  stomach  contents  proceed  as  follows : 
The  contents  of  the  stomach  should  be  withdrawn  about  45  minutes, 
usually  after  the  meal,  but  of  course  it  may  be  desirable  in  special  cases 
jto  allow  other  times  to  elapse.     The  patient  is  seated  in  a  chair  with 
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a  towel  to  protect  the  clothing  in  ease  of  vomiting  and  with  a  receptacle 
of  some  sort  to  receive  the  vomit  in  ease  of  vomiting.  The  tube  is 
cleaned  and  sterilized,  preferably  while  it  is  wrapped  in  a  towel  or  a 
piece  of  muslin.  It  is  moistened  with  glycerine  to  make  swallowing 
easy  and  the  patient  is  instructed  to  swallow  promptly  when  told  to 
do  so.  The  metal  bob  at  the  end  of  the  tube  is  then  carefully  intro- 
duced into  the  mouth,  but  is  not  permitted  to  touch  the  fauces  until  just 
at  the  moment  of  swallowing.  It  is  then  laid  on  the  back  of  the  tongue 
and,  at  the  moment  of  laying,  the  patient  is  told  to  swallow  and  as  he 
does  so  the  tube  is  passed  quickly  back  through  the  fauces.  At  this 
moment  there  will  be  some  sensation  of  gagging,  but  as  soon  as  the 
metal  part  is  in  the  esophagus  that  sensation  passes.  From  time  to  time 
after  the  tube  is  passed  the  patient  is  told  to  swallow  and  also  to  take  a 
deep  breath.  Usually  little  or  no  discomfort  is  experienced  after  the 
first  moment  and  the  tube  passes  freely  down  to  the  mark  placed  upon 
it.  A  Luer  or  other  syringe  is  then  introduced  into  the  end  of  the 
tube,  which  falls  to  the  patient's  lap,  and  the  flow  of  gastric  contents  is 
started  by  withdrawing  the  plunger  of  the  syringe.  The  contents  may 
be  pretty  thick  and  come  through  the  tube  with  some  little  difficulty. 
About  20  to  50  c.c.  is  ample  for  all  the  analyses.  Having  obtained  the 
contents  the  tube  is  withdrawn,  usually  producing  gagging  again  when 
it  passes  the  fauces.  The  tube  should  be  at  once  cleaned  by  a  rapid 
stream  of  hot  water  being  forced  through  it.  The  Lyon  modification 
of  the  Eehfuss  tube  is  easier  to  clean  and  does  not  so  easily  choke  as 
the  original  Eehfuss. 

For  the  analyses  of  the  contents,  filter  the  same  and  use  the  filtrate. 
Determine  in  it  the  total  acidity,  the  acidity  by  Topfer  reagent  (dimethyl 
amino  azobenzene),  free  hydrochloric  acid  by  Giinzberg,  the  hydrogen 
ion  concentration,  and  make  tests  for  lactic  acid.  This  is  sufficient  for 
ordinary  clinical  purposes.  The  presence  of  a  mineral  acid,  probably 
hydrochloric,  can  be  almost  immediately  determined  by  touching  a  drop 
to  Congo  red  paper  and  if  this  turns  blue  free  hydrochloric  acid  is 
present. 

Experiment  129.  Total  acidity. —  (Normally  this  should  be  60-120 
c.c.  for  100  c.c.  juice.)  Titrate  10  c.c.  of  the  filtered  gastric  contents 
with  N/10  NaOH,  using  phenolphthalein  as  an  indicator.  The  total 
acidity  is  often  expressed  as  grams  of  HCl  in  100  c.c.  of  juice  or  as  c.c. 
of  N/10  NaOH  necessary  to  neutralize  100  c.c.  of  juice.  To  get  the 
former  number  multiply  the  number  of  c.c.  of  NaOH  required  to  neu- 
tralize the  juice  with  the  factor  0.0365,  since  each  c.c.  of  N/10  HCl 
would  contain  this  number  of  grams  of  the  acid.  The  acidity  is  some- 
times expressed  as  c.c.  of  N/10  NaOH  required  for  neutralizing  100  c.c. 
of  juice.     Why  is  phenolphthalein  chosen  as  the  indicator  for  total 
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acidity?  It  is  usually  advisable  to  filter  the  juice,  as  the  particles  in 
suspension  in  the  juice  may  make  a  considerable  part  of  its  volume, 
although  on  filtering  a  slight  loss  occurs  in  the  acid  attached  to  the  sub- 
stances in  suspension. 

Experiment  130.  Free  HCl. — The  estimation  and  detection  of  free 
HCl  is  made  by  means  of  the  Giinzberg  test  as  follows  (see  page  368 
for  the  composition  of  the  .reagent)  :  One  drop  of  the  reagent  is  placed  • 
on  a  white  porcelain  plate  or  evaporating  dish  and  dried  very  cautiously 
over  a  free  flame  or  better  on  a  water  bath.  It  must  not  be  heated  toa 
high.  Then  add  one  drop  of  the  filtered  juice  to  the  clear  yellow  spot  | 
left  by  the  evaporation  of  the  indicator  and  warm  again  carefully.  If 
hydrochloric  acid  is  present  in  the  free  state,  a  purplish  red  color 
develops  on  heating.  If  the  spot  is  heated  too  much,  it  will  be  brown. 
On  diluting  the  gastric  juice  and  repeating  the  test,  a  limit  will  be 
found  when  the  reaction  is  just  perceptibly  positive.  At  this  dilution 
the  juice  contains  about  N/2,500  HCl. 

a.  Confirm  the  accuracy  of  this  test  for  free  HCl  by  repeating  it, 
using  N/300  and  N/2,000  HCl ;  with  a  mixture  of  N/30  acetic  acid  in 
whi(ih  a  little  NaCl  has  been  dissolved;  and  with  N/10  lactic  acid. 
Which  is  positive? 

b.  To  show  that  the  presence  of  proteins  reduces  the  amount  of 
free  hydrochloric  acid,  add  to  10  c.c.  N/30  HCl  10  e.c.  of  a  1  per  cent, 
solution  of  Witte's  peptone.  Mix.  Determine  by  the  Giinzberg  reagent 
what  the  amount  of  free  HCl  is  now  in  the  solution. 

c.  .  Titrate  5  c.c.  of  the  mixture  from  b  with  N/10  NaOH,  using 
phenolphthalein  as  an  indicator.  Has  the  total  acidity  been  reduced  by 
the  addition  of  the  peptone  ? 

Experiment  131. — Titrate  another  10  c.c.  with  N/10  NaOH,  using 
di-methyl-amino  azbbenzene  as  an  indicator  (Topfer's  test).  How  do 
these  figures  compare  with  the  total  acidity  and  with  the  acidity  as 
determined  by  Giinzberg?  Normal  juice  has  an  acidity  of  from  50-90 
c.c.  N/10  HCl  by  this  reagent,  depending  on  period  of  digestion.  It  is 
higher  at  the  end  of  digestion. 

In  place  of  determining  the  free  HCl  by  the  dilution  of  the  gastric 
juice,  it  can  also  be  determined  by  titrating  by  the  addition  of  N/10 
NaOH  and  determining  the  end  point  at  which  the  free  HCl  is  neu- 
tralized by  testing  from  time  to  time  1  drop  of  the  liquid  by  the 
Giinzberg  method.  This  method  is  perhaps  more  tedious  than  the  dilu- 
tion method. 

For  clinical  purposes  the  Giinzberg,  the  total  acidity,  and  the  Topfer 
titration  are  all  that  are  required.  By  consulting  the  tables  on  page  368 
it  will  be  seen  that  the  Topfer  titration,  i.e.,  the  dimethyl-amino  azo- 
benzene,  shows  an  amount  of  acid  between  the  free  and  the  total  acidity. 
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It  gives  an  imperfect  notion  of  the  amount  of  free  HCl.  It  is  not 
affected  by  organic  acids,  except  when  they  are  present  in  high  concen- 
tration. The  concentration  of  hydrogen  ions  at  which  it  changes  color 
may  be  seen  in  table,  page  371,  to  be  N/IO^-^— N/IO*.  It  requires  a 
little  higher  concentration  than  congo  red. 

Experiment  132.  Free  HCl  by  Tropaeolin  OO. — The  determina- 
tion of  the  free  HCl  by  tropseolin  gives  the  same  results  as  Gunzberg, 
but  the  latter  is  sharper.  Some  drops  of  saturated  solution  of  tropseolin 
00  in  94  per  cent,  alcohol  are  placed  on  a  porcelain  plate  and  dried 
at  40°  C.  To  the  dried  spot  a  drop  of  the  liquid  to  be  tested  is  added 
and  again  dried  at  40°  C.  In  the  presence  of  as  much  as  0.006  per  cent. 
HCl  a  violet  spot  is  left  when  the  liquid  evaporates. 

a.    Control  this  test  with  dilute  HCl,  lactic  acid,  etc. 

Boas  reagent  for  free  HCl  is  made  by  dissolving  5  grams  resorcinol 
and  3  grams  sucrose  in  100  c.c.  50  per  cent,  alcohol.  Used  like  Gunzberg, 
Free  HCl  gives  a  rose  red. 

The  student  should  read  the  action  of  indicators  in  one  of  the  following: 
Stieglitz's  QualUaHve  Analysis,  Part  I;  Jones'  Elements  of  Physical  Chemistry; 
Smith's  Introduction  to  Inorganie  Chemistry. 

Experiment  133.  Hayem  and  Winter  method  for  the  determina- 
tion of  hydrochloric  acid. — This  method  requires  the  facilities  of  a 
chemical  laboratory.  It  is  based  on  the  determination  of  chlorine. 
Three  portions  of  5  c.c.  each  of  stomach  contents  are  placed  in  three 
crucibles,  a,  b  and  c.  To  (a)  is  added  an  excess  of  sodium  carbonate 
and  all  three  are  dried  on  the  water  bath  and  then  in  an  oven  at  100° 
until  completely  dry.  The  crucible  (a)  is  then  ashed  over  a  free  flame, 
very  lightly,  and  the  ash  extracted  with  water.  The  chlorine  is  then 
determined  in  the  water  by  silver  nitrate  titration.  This  gives  the  total 
chlorine,  both  acid,  free  and  combined,  and  sodium  chloride.  The 
second  crucible  (b)  as  soon  as  completely  dry  has  NajCOj  added  and 
ashed  and  the  chlorine  is  determined  as  in  (a).  By  heating  on  the 
water  bath  and  at  100°  the  free  hydrochloric  acid  is  driven  off.  The 
difference  between  (a)  and  (b)  gives,  then,  the  free  hydrochloric  acid. 
The  third  crucible  (c)  is  ashed  directly  without  the  addition  of  the 
carbonate.  By  this  only  the  chlorine  of  the  sodium  chloride  is  left. 
The  difference  between  (b)  and  (c)  gives,  then,  the  combined  HCl. 
This  method,  however,  is  only  approximate,  since  in  the  ashing  some 
acid  phosphate  is  formed  which  will  expel  some  of  the  chlorine  from 
the  sodium  chloride.  Moreover,  in  the  drying  some  of  the  combriied 
hydrochloric  acid  is  set  free  and  goes  oflf. 

Experiment  134.  Lactic-acid  detection. — ^By  fermentation  of  the 
carbohydrates  in  the  stomach,  when  the  hydrochloric  acid  is  low,  a 
considerable  degree  of  acidity  may  be  formed,  due  to  lactic  or  other 
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organic  acids.  It  is  sometimes  desirable  to  examine  the  contents  for 
lactic  acid.  The  lactic  acid  may  be  detected  either  by  the  decolorization 
of  phenol- ferric-chloride  solution  (Uffelmann's  reaction)  or  by  Hopkins' 
method.    The  latter  is  the  better. 

a.  By  Uffelmann's  reaction.'  The  reagent  is  made  by  taking  10  c.c. 
of  4  per  cent,  solution  of  carbolic  acid,  20  c.c.  of  distilled  water  and  1 
drop  of  a  2  per  cent,  ferric-chloride  solution.  This  solution  has  a  deep 
violet  color,  due  probably  to  the  partial  reduction  of  the  iron.  The 
addition  to  this  solution  of  a  solution  of  lactic  acid,  even  very  dilute 
(1  part  in  10,000),  causes  the  color  to  change  to  a  yellow.  To  3  c.c.  por- 
tions in  test-tubes  add  respectively  1  drop  of  N/10  and  N/100  lactic 
acid  and  N/10  and  N/100  HCl.  Note  yellow  color  with  lactic.  The  re- 
action is  not  specific  for  lactic  acid,  but  it  is  not  given  by  dilute  HCl. 
Now  see  if  the  filtered  gastric  contents  discharge  the  color  from  Uffel- 
mann.  It  is  better  to  shake  out  the  contents  with  ether,  in  which  the 
lactic  acid  is  soluble,  evaporate  the  ether  on  the  steam  bath  in  a  beaker, 
dissolve  the  syrup,  if  any,  which  is  left  in  a  little  water  and  repeat  the 
test  with  this.  Keep  a  portion  of  the  ether  extract  for  testing  by 
Hopkins'  method,  which  is  as  follows: 

*  b.  Hopkins'  method  of  detecting  lactic  acid.  This  depends  on 
the  cherry-red  color  developed  by  thiophene. 

Into  a  clean,  dry  test-tube  place  3  drops  of  a  1  per  cent,  solution 
of  lactic  acid  in  alcohol,  add  5  c.c.  of  concentrated  sulphuric  acid  and 
3  drops  of  a  saturated  solution  of  CuSO^.  Mix  and  place  in  a  beaker 
of  boiling  water  and  heat  for  5  minutes.  Cool  under  the  tap  and  add 
2  drops  of  a  2  per  cent,  alcoholic  solution  of  thiophene  and  shake.  Ee- 
place  the  tube  in  boiling  water.    A  cherry-red  color  develops. 

c.  Repeat  by  using  in  place  of  the  lactic  acid  that  recovered  from 
the  gastric  contents  by  ether.  It  is  not  probable  that  this  method  either 
is  specific  for  lactic  acid,  but  it  is  the  only  substance  in  gastric  contents 
which  gives  the  reaction. 

Experiment  135.  H  ion  concentration. — This  is  most  easily  made 
by  placing  5  c.c.  of  the  filtered  contents  in  a  test-tube  and  adding  2 
drops  of  0.10  per  cent,  gentian  violet  solution.  This  tube  is  then 
matched  by  comparing  it  with  a  series  of  tubes  containing  each  5  c.c. 
of  HCl  of  the  following  concentrations:  O.OIN;  0.02N;  0.04N;  0.06N; 
O.IN ;  0.15N.  If  the  color  is  a  blue  or  green  it  shows  that  the  concentra- 
tion of  the  H  ions  is  more  than  0.05N;  normal  stomach  contents  have 
a  concentration  of  H  ions,  usually  between  0.03  and  0.05  or  even  0.1  at 
the  end  of  digestion.  If  the  color  of  the  gential  tube  is  purple  it  means 
that  the  acidity  is  lower  than  normal. 


CHAPTER  XXIX. 

INTESTINAL  DIGESTION.    BILE.    PANCREAS. 
Exercise  XXXIJI.    Pancreas  and  duodenal  secretion. 

Pancreas. — The  tliree  juices  bile,  pancreatic  and  duodenal  are  mixed 
with  the  chyme,  and  digestion  is  the  result  of  their  combined  actions. 
The  different  juices  will  here  be  studied  separately.  Owing  to  the 
impossibility  of  obtaining  pancreatic  juice  for  experimental  work,  it  is 
necessary  to  use  extracts  of  the  pancreas  and  the  duodenal  mucosa. 
These  act,  on  the  whole,  like  the  secretions,  since  the  active  principles 
or  enzymes  are  stored  in  the  glands  and  may  be  extracted.  In  some 
particulars,  however,  the  actions  may  not  be  strictly  comparable,  since 
by  extraction  substances  may-  be  obtained  which  are  not  normally 
secreted.  Pancreatic  juice  digests  starches  and  dextrins,  proteins  and 
fats. 

Experiment  136.  Amylolytic  activity  of  pancreatic  extracts. — 
Qualitative  detection.  Prepare  some  1  per  cent,  starch  paste  as  in 
experiment  114.  Take  about  10  grams  of  fresh  pig's  pancreas  which 
has  been  freed  as  far  as  possible  from  fat  and  been  finely  hashed  in  a 
meat  chopper.  Add  40  c.c.  of  35  per  cent,  ethyl  alcohol  and  grind  and 
mix  well  in  a  mortar  or  mill.  Both  the  lipolytic  and  the  amylolytic 
enzymes  are  readily  soluble  in  dilute  alcohol.  Filter  off  the  extract. 
Test  its  reducing  action  on  Fehling's  solution.  It  should  be  negative. 
To  5  c.c.  starch  paste  in  a  test-tube  add  1  c.c.  of  the  extract  and 
mix.  Observe  the  very  rapid  clearing  of  the  starch  due  to  the  formatibn 
of  soluble  starch.  Place  in  beaker  of  water  heated  to  40°  C.  At  the  end 
oi  1  minute  of  action  remove  a  drop  to  a  drop  of  dilute  IjKI  solution 
and  test  for  starch.  Remove  also  2  c.c.  and  see  if  this  will  reduce 
Fehling's  solution.  After  10  minutes  repeat  both  tests.  The  pancreatic 
extract  contains  an  active  principle,  amylopsin,  probably  a  mixture  of 
enzymes,  which  converts  starch  to  dextrins  and  maltose. 

Experiment  137.  Proteolytic  activity  of  the  pancreas. — The  pro- 
teolysis caused  by  extract  of  the  pancreas  differs  from  that  produced  by 
pepsin  in  that  there  are  set  free  amino-acids  and  tri-  and  di-peptides. 
The  amount  of  albumoses  formed  is  relatively  very  little.  One  of  the 
amino-acids  thus  set  free  is  tryptophane,  so  that  the  pancreatic  digest 
forms  free  tryptophane,  and  by  this  it  is  easily  distinguished  from  the 
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digest  of  the  stomach.  To  show  this  add  to  20  grams  of  hashed,  fresh 
pig's  pancreas  100  c.c.  of  1  per  cent.  NaHCOg  solution  and  10  c.c.  of 
a  fresh  10  per  cent,  aqueous  extract  of  duodenal  mucosa,  add  toluene, 
stopper  the  flask  with  a  good-fitting  cork,  shake  well  and  allow  to  digest 
24  to  48  hours  at  40°  C.  At  the  end  of  that  time  filter  off  a  little  of 
the  extract;  make  in  a  portion  of  it  a  biuret  test;  in  another  portion 
test  for  free  tryptophane  in  the  following  way:  Acidify  about  5  c.c.  of 
the  filtered  extract  with  acetic  acid  and  add  to  it,  drop  by  drop,  a 
solution  of  bromine  in  water.  A  violet  or  pink  color  develops  in  the 
presence  of  free  tryptophane.  When  the  maximum  color  is  developed 
add  2-3  c.c.  amyl  alcohol  and  shake.  The  color  dissolves  in  the  amyl 
alcohol. 

Permit  the  rest  of  the  digestion  mixture  to  digest  and  test  it  from 
time  to  time  by  the  biuret  test.  After  a  few  days  (4-5)  this  will  be 
almost  gone.  When  this  is  faint  remove  from  the  thermostat.  Observe 
any  white  deposits  (tyrosine  or  leucine)  and  examine  under  the  micro- 
scope to  see  if  they  are  crystalline.  Test  some  of  the  white  matter  by 
the  tyrosine  test.  Heat  the  remainder  of  the  digestion  mixture  to 
boiling,  filter  while  hot  and  evaporate  on  the  water  bath  to  a  small  bulk, 
20  c.c.  A  crystalline  crust  and  deposit  wiU  form  if  the  digestion  has 
been  sufficiently  prolonged.  Identify  tyrosine  and  leucine  in  the  crust. 
Tyrosine  crystallizes  in  balls  of  needle-shaped  crystals;  leucine  in  solid 
conglomerates  having  a  radiate  structure. 

Experiment  138.  Lipolytic  activity. — Take  2  c.c.  of  olive  oil,  3  c.c. 
of  water  in  a  test-tube.  Shake  thoroughly.  Then  add  1  drop  of  litmus 
solution.  The  reaction  will  probably  be  slightly  acid.  If  it  is,  add  now 
from  a  pipette  or  burette  enough  N/10  NaOH  just  to  make  the  reaction 
of  the  litmus  blue.  Now  add  to  this  tube  1  c.c.  of  the  dilute  alcoholic 
extract  of  the  pancreas  just  prepared,  shake  well  again  and  place  in 
the  beaker  of  water  at  40°  C.  Shake  from  time  to  time.  Observe  if 
the  litmus  changes  to  an  acid  reaction,  due  to  the  splitting  of  the  fats 
by  the  lipase,  and  also  observe  if  on  shaking  the  emulsion  becomes  more 
permanent,  the  fat  not  separating  as  at  first.  If  the  litmus  becomes 
red,  make  it  blue  again  by  the  addition  of  a  little  NaOH  and  place 
in  the  bath  again.  Write  the  reaction  for  the  splitting  of  the  neutral 
fat  by  lipase. 

Experiment  139.  The  activity  of  both  amylase  and  lipase  depends 
on  the  presence  of  salts. — To  show  this  take  the  remnant  of  the  alcoholic 
extract  of  the  pancreas  from  experiment  136,  place  it  in  a  small  dialyz- 
ing,  parchment  tube  and  dialyze  against  running  water  for  24  hours. 
Then  remove  the  contents  of  the  tube  to  a  beaker  and  test  the  activity 
on  starch  paste  and  on  neutral  fat  suspended  in  distilled  water.  Make 
the  tests  just  as  in  experiments  136  and  138,  but  neutralize  the  olive  oil 
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separately  by  shaking  it  with  a  little  dilute  sodium  hydrate  and  remov- 
ing 2  c.c.  of  the  neutral  oil  to  a  tube  of  distilled  water.  Repeat  the 
experiment,  having  added  a  drop  of  CaCl^  solution  to  each  tube.  The 
activity  should  have  disappeared  on  dialysis  and  return  on  the  addition 
of  a  little  salt,  such  as  CaCla  (No.  18). 

ExKECiSE  XXXIV.    Pancreas  (Cont'd). 

Experiment  140.  The  Roberts  method  for  amylase  determina- 
tion.— Prepare  100  c.c.  of  a  1  per  cent,  starch  paste  as  previously 
directed.  Take  10  c.c.  of  this  paste  and  add  90  c.c.  boiling  hot  watier. 
Cool  to  40°  C.  and  set  aside  in  the  water  bath  kept  at  40°  C.  Now  at 
a  noted  time  add  1  c.c.  of  the  enzyme  solution  and  mix  well  by  stirring. 
After  acting  for  3  minutes  remove  1  c.c.  of  the  mixture  and  add  thereto 
1  c.c.  of  the  following  iodine  solution  (dilute  0.5  c.c.  of  the  N/10  iodine 
solution  on  the  side  shelf  with  100  c.c.  distilled  water) .  Note  the  time 
when,  on  mixing  the  solutions  as  indicated,  a  colorless  or  yellowish 
solution  remains.  Repeat  the  digestion  tests  on  100  c.c.  portions  of  the 
diluted  starch  paste  with  varying  quantities  of  the  amylase  solution 
until  the  achromia  point  is  reached  in  4  to  6  minutes  after  addition  of 
the  enzyme  solution.  The  activity  is  then  calculated  by  the  formula 
D=10/VX5/n  where  V^volume  of  enzyme  solution  and  n=time  in 
minutes  required  to  reach  the  achromic  point.  D  then  is  the  number 
of  c.c.  1  per  cent,  starch  paste  hydrolyzed  to  the  end  point  here  taken, 
in  5  minutes,  by  1  c.c.  of  the  enzyme  solution. 

Determine  the  relative  activities  of  two  substances  or  solutions  by  the 
above  method.. 

Experiment  141.  Most  favorable  hydrogen  ion  concentration  for 
pancreatic  amylase. — Like  ptyalin  the  pancreatic  amylopsin  digests 
most  rapidly  in  a  faintly  acid  medium.  Digestion  in  the  duodenum 
takes  place  in  such  a  reaction  and  the  digestive  enzymes  are  all  adapted 
to  work  at  their  optimum  near  the  neutral  point.  The  starch  and 
carbohydrate  enzymes  all  act  best  in  a  feebly  acid  medium,  having  a 
hydrogen  ion  concentration  of  about  N/100,000,  or  Pg=5.  This  is  just 
about  the  concentration  at  which  dimethyl  amino  azobenzene  changes 
from  a  clear  yellow  to  a  slight  orange.  Prepare  an  extract  of  the 
pancreas  by  grinding  2.5  to  5  grams  of  fresh  hog  pancreas  with  a  small 
amount  of  sand  and  gradually  add  thereto  100  c.c.  distilled  water. 
Strain  through  cheese  cloth.  (It  is  often  more  convenient  to  make  a 
glycerine  extract  of  the  pancreas  and  keep  this  on  hand.  The  enzymes 
retain  their  activity  for  a  long  period  in  such  a  medium  and  they  are 
well  extracted  by  glycerine) .  Note  the  reaction  of  this  extract  to  litmus; 
methyl  orange  and  dimethylamidoazobenzene.    Now  take  of  the  extract 
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10  C.C.  portions  in  4  test-tubes.  To  A  and  B  add  1  drop  of  dimethyl- 
amino-azobenzene ;  to  C  1  drop  of  good  litmus  solution;  to  D  1  drop 
of  phenolphthalein.  Add  to  A  and  B  from  a  burette  N/lOth  HCl  until 
A  is  a  plain  pink  and  B  is  just  orange;  C  make  neutral  (violet)  to 
litmus;  to  D  add  N/10  NaOH  until  it  is  just  pink  to  phenolphthalein. 
The  following  is  now  the  concentration  of  H  ions  in  these  tubes:  P  , 
A=3 ;  B=5 ;  C=7 ;  D=8.3.  Add  to  each  tube  3  c.c.  1  per  cent,  starch 
paste  and  allow  to  stand  after  mixing  at  room  temperature.  Determine 
by  removing  a  drop  to  a  porcelain  plate  and  touching  a  small  drop  of 
KI3  at  what  time  the  achromic  point  is  reached  in  the  different  tubes. 
The  tube  reaching  this  point  in  the  shortest  time  is  the  most 
favorable  H  ion  concentration  of  those  tested.  B  will  probably  be  the 
best. 

Experiment  142.  Enterokinase  and  trypsinogen. — Principle.  The 
object  of  this  experiment  is  to  show  that  a  mixture  of  the  extract  of 
the  intestinal  mucosa  and  the  extract  of  the  pancreas  digests  proteins 
very  much  faster  than  either  alone.  This  fact  is  interpreted  to  mean 
that  there  is  in  the  intestinal  secretion  a  heat-sensitive  substance,  which 
has  been  named  enterokinase,  which  has  the  function  of  activating  the 
inactive  proferment  of  the  pancreas  so  that  it  will  digest  proteins.  The 
inactive  proferment  is  called  trypsinogen. 

Experiment.  Prepare  50  c.c.  of  a  1  per  cent,  water  extract  of  dried 
fat-free  hog  pancreas  and  also  25  c.c.  of  a  1  per  cent,  water  extract  of 
dried,  fat-free  hog  duodenal  mucosa. 

Instead  of  the  above,  one  may  prepare  10  per  cent,  water  extracts  of 
the  fresh  tissues  as  directed  under  experiment  141.    This  is  preferable. 

Now  prepare  the  following  mixtures  in  large  test-tubes. 


Tube 

Pancreas 
extract 

Intestinal 

extriict 

Water 

Treatment 

10  CO. 
10  cc 

0 
10  c.c 

10  c.c. 

0 
5  c.c. 
5  c.c. 
5  c.c. 

5  c.c. 
(boiled) 

5  c.c. 

0 
10  cc 

0 

0 

■Ceep  at  40°  C  for  20  min. 

(1          <(            It           <c      cc           tc 

b    

(t          tt            cf           cc      cc           cc 

(J               

(Heat  in  boiling  water  for 
5   min.,  cool  to  40°  C  and 
keep  at  40°  for  20  min.. 

Keep  at  40°  C  for  20  min. 

e 

To  each  tube  now  add  5  c.c.  10  per  cent.  NaaCO,  solution  and  mix 
well  immediately  after  the  addition.  Now  add  to  each  tube  the  same 
amount  (about  the  size  of  a  hazel-nut)  of  well-washed  fibrin.  Agitate 
well  and  digest  at  40°  C.  Note  the  changes  in  2  to  40  minutes.  Tube  b 
should  digest  very  much  faster  than  the  others. 

Experiment  143.  Determination  of  the  optimum  alkalinity  for 
tryptic  digestion. — Principle.    The  object  of  this  experiment  is  to  de- 
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termin'e  whether  trypsin  digests  better  in  an  acid  or  alkaline  medium, 
and  what  the  optimum  concentration  of  alkali  or  acid  is.     (H  ion  eon- 
cenjtration.) 
Experiment. 

a.  The  optimum  Na^CO^  concentration  for  trypsin  action.  Prepare 
100  c.c.  of  an  activated  trypsin  solution.  For  the  preparation  of  this 
extract  see  experiment  144.  Take  5  c.c.  samples  and  add  thereto  14.5; 
14.0;  13.5;  13.0;  12.5;  12.0  and  11.5  c.c.  water,  and  0.5;  1.0;  1.5;  2.0; 
2.5;  3.0  and  3.5  c.c.  N  NaaCOj  solution  respectively.  Add  the  water 
first.  Shake  well  immediately  after  each  addition  and  add  to  each  a 
piece  of  well-washed  fibrin  about  the  volume  of  a  pea.  Digest  at  35-40°  C. 
Calculate  the  concentration  in  NajCOj  in  each  case  above  and  note  the 
optimum  concentration  for  trypsin  action.  Also  determine  by  the  indi- 
cator method  (phenolsufonephthalein)  the  concentration  of  H  ions. 
The  most  favorable  reaction  is  said  to  be  Ph^=8- 

b.  Effect  of  hydrogen  ions  on  trypsin  action.  In  the  same  way  as 
above  determine  the  effect  of  adding  to  15  c.c.  of  the  activated  trypsin 
solution  14.9;  14.8;  14.7;  14.6  and  14.5  c.c.  water,  and  0.1;  0.2;  0.3; 
0.4  and  0.5  N/10  HCl  respectively.  Determine  the  H  ion  by  indicator 
(sodium  alizarin  sulphonate) . 

Experiment  144.  Preparation  of  trypsin  solutions  free  from 
lipase  and  amyopsin. — By  the  action  of  acid  the  trypsinogen  is  activated 
and  the  trypsin  is  preserved  while  the  lipase  and  amylopsin  are  de- 
stroyed by  an  acid  solution  of  P^  5.5.  (Method  of  Mellanby  and 
Wooley.)  Hash  pigs  pancreas  freed  as  far  as  possible  from  fat.  Weigh. 
To  each  gram  of  hash  add  3  c.c.  0.5  per  cent.  HCl.  (Concentrated  HCl 
(sp.  gr.  1.16)  is  approximately  loN,  or  31.5  per  cent,  by  weight.  36.6 
grams  per  liter.)  Dilute  1  volume  of  the  concentrated  acid  to  63 
volumes  with  water,  to  make  a  0.5  per  cent,  solution.  After  mixing  stir 
frequently  and  allow  to  stand  for  30  minutes.  Add  3.2  c.c.  of  10  per 
■  cent  NajCOj  for  every  100  c.c.  of  HCl  which  was  added.  This  reduces 
the  H  ion  to  about  Pj^  4.7.  Filter.  The  filtrate  should  be  clear.  Reduce 
the  acidity  to  Pg=5.5  by  the  addition  of  10  per  cent.  Na^COg.  The 
solution  gives  at  this  acidity  a  faint  red  to  methyl  red.  Add  toluene 
and  shake.  Keep  in  ice  box  in  stoppered  flask.  The  lipase  and  amy- 
lopsin are  destroyed  by  the  acid  and  5.5  is  the  optimum  for  the  stability 
of  trypsin.    It  keeps  well  at  this  acidity. 

Experiment  145.  Steapsin  is  destroyed  by  heat  and  its  activity  is 
greater  in  the  presence  of  bile. — ^Prepare  100  c.c.  of  a  10  per  cent,  water 
extract  of  fresh  hog  pancreas  by  grinding  in  a  mortar  with  sand  and 
gradually  adding  the  water.  Saturate  with  toluene  and  set  aside  for  24 
hours.  After  standing  for  24  hours,  strain  through  cheese  cloth  and 
make  the  following  tests,  adding  one  drop  toluene  to  each  tube  and 
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digesting  at  37-40°  for  24  hours.  Use  large  test-tubes  all  of  the  same 
diameter  and  stopper  them.  After  the  digestion  cool,  add  a  drop  of 
phenolphthalein  and  titrate  with  N/20  NaOH  until  a  permanent  pink 
remains.    Shake  well  while  titrating. 


Tnlie 

Olive  oil 

Water 

Other  addition 

Enzyme  holution 

0.5 

0.5 

0 

0 

0.5 

0.5 

0.5 

0 

0 

4.5 
4.5 
4.5 
4.5 
9.5 
8.5 
3.5 
8.5 
3.5 

0 
0 
0 
0 
0 
1  c.c.  bile 

1         ft          u 

1     "      " 
1     "      " 

5  c.c. 

b     

"     boiled 
5  c.c. 

(1    

"     boiled 
0 

f     

0 

g    

h    

i     

5  c.c. 

0 
5  c.c. 

Record  for  each  tube  the  amount  NaOH  necessary  to  neutralize  the 
fatty  acid  set  free  by  the  action  of  lipase,    g  should  be  most  active. 

Experiment  145(a).  Following  the  course  of  a  protein  digestion  by 
trypsin  by  formol  titration  (Sorensen  method). — Object:  This  experi- 
ment illustrates  a  very  important  method,  that  of  formol  titration  of 
amino-acids  (see  page  363),  and  at  the  same  time  affords  a  proof  that  in 
the  course  of  a  proteolytic  hydrolysis  there  is  a  steady  increase  in  the 
number  of  free  amino  groups. 

Experiment.  The  Sorensen  method  depends  on  the  amino-acids 
having  their  basic  character  destroyed  by  formaldehyde  and  thus  bring- 
ing about  a  greater  ionization  into  H+  and  RCHN  ( iCHj)  C00~. 
Consequently  the  greater  the  concentration  of  the  amino-acids  produced 
by  the  hydrolysis  of  the  protein  the  greater  the  acidity,  and  thus  from 
a  measure  of  the  increased  acidity  we  have  a  measure  of  the  degree  of 
hydrolysi^. 

Prepare  40  c.c.  of  a  10  per  cent,  extract  of  fresh  hog  pancreas.  Also 
prepare  10  c.c.  of  a  10  per  cent,  extract  of  duodenal  mucosa  and  mix 
the  two. 

Take  10  c.c.  of  the  above  and  add  to  100  c.c.  of  a  4  per  cent,  casein 
solution  in  0.5  per  cent.  NaaCOj  solution.  Immediately  after  mixing 
remove  25  c.c.  by  means  of  a  pipette,  then  add  10  c.c.  neutralized  forma- 
lin (a  40  per  cent,  formaldehyde  solution  rendered  neutral  toward 
phenolphthalein  by  adding  N  NaOH),  and  set  aside  the  remaining  solu- 
tion at  35-40°  C.  Titrate  the  25  c.c.  sample  by  N/10  NaOH  or  HCl, 
as  the  case  may  be,  using  phenolphthalein  as  indicator.  In  this  titration 
a  definite  pink  color  should  be  chosen  as  end  point.  The  titration 
should  be  carried  to  match  this  control  each  time.  A  buffer  solution 
of  Pg=8.3  makes  a  suitable  control.  At  the  end  of  V2,  IVa  hours  and 
24  hours  remove  25  c.c.  samples  and  titrate  these  in  the  same  way.    As 
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the  digestion  proceeds  and  more  NH^  groups  are  set  free  from  union 
with  COOH  groups  the  acidity  increases. 

Experiment  146.  Invertin  in  intestinal  mucosa. — ^Besides  the  pro- 
teolytic activator,  enterokinase,  the  mucosa  contains  also  invertin  and 
the  proteolytic  enzyme  erepsin.  These  may  be  demonstrated  as  follows : 
Prepare  100  c.c.  of  a  10  per  cent,  water  extract  of  fresh  intestinal 
mucosa  in  the  same  way  as  directed  for  pancreatic  amylase  above. 
Detect  invertin  in  this  solution  by  adding  2  per  cent,  of  cane  sugar  to 
10  c.c.  of  this  solution  and  one  drop  of  10  per  cent,  acetic  acid,  and  after 
standing  Va  hour  at  37°  C  remove  1  c.c.  to  Fehling's  solution  and  test 
by  reduction  for  glucose. 

Experiment  147.  Erepsin  in  duodenal  mucosa. — To  10  c.c.  of  the 
above  extract  add  in  a  flask  50  c.c.  of  a  2  per  cent,  peptone  solution,  add 
1  c.c.  toluene,  stopper  and  shake.  Prepare  another  mixture  in  the  same 
way,  but  boil  the  intestinal  extract  first.  This  will  be  the  control.  At 
once  remove  exactly  10  c.c.  from  each  flask,  add  phenolphthalein  and 
titrate  with  N/10  H^SO^  or  N/10  NaOH  to  the  neutral  point.  Now  add 
formalin  as  in  experiment  145  and  titrate  the  acidity  which  develops. 
Keep  a  record  of  your  results.  Place  both  flasks  in  the  incubator  at  37° 
and  remove  10  c.c.  portions  and  titrate  this  same  way  after  a  period  of 
digestion  of  3  hours,  24  hours  and  48  hours.  If  erepsin  is  present,  there 
should  be  a  digestion  of  the  peptone  with  the  setting  free  of  amino-acids 
and  dipeptides,  and  these  will  be  detected  by  the  acidity  which  develops 
when  formalin  is  added. 

Experiment  148.  Lactase. — To  10  c.c.  of  the  intestinal  extract  pre- 
pared in  146  add  4  per  cent,  by  weight  of  lactose  and  allow  to-  digest 
for  1  hour  at  37°  C.  At  the  end  of  that  time  transfer  to  a  fermentation 
tube,  add  a  little  yeast  and  put  back  in  the  incubator.  Lactose  is  not 
fermented  by  yeast.  The  lactase  of  the  intestine  will  convert  the  lactose 
to  galactose  and  glucose  and  the  latter  will  be  fermented  and  gas  pro- 
duced. 

Exercise  XXXV.    The  bile. 

The  bile  has  very  little  digestive  action,  its  main  function  being  to 
act  in  co-operation  with  the  pancreatic  and  duodenal  juices  and  to  assist 
in  absorption,  particularly  of  the  fats.  It  is  also  an  excretory  substance. 
The  constituents  which  are  important  in  digestion  and  absorption  are 
the  bile  salts,  sodium  glycocholate  and  taurocholate,  and  the  alkali, 
sodium  carbonate.  Its  pigments  make  it  very  striking.  So  far  as  known 
these  are  excretions  and  have  no  function.  The  bile  contains  also  some 
phosphatide  and  cholesterol,  the  function  of  which  is  unknown. 

Experiment  149.  The  physical  properties  of  bile. — Obtain  25  c.c. 
ox  bile.     (Note — This  is  best  kept  and  transported  in  the  ligated  gall 
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bladders.)  Note  the  specific  gravity,  the  viscidity,  slimy  character,  the 
taste,  smell  and  color.  Test  its  reaction  to  litmus  paper  and  to 
phenolphthalein. 

Experiment  150.  Powers  of  solution. — To  5  c.e.  of  bile  in  a  test- 
tube  add  0.5  c.c.  of  oleic  acid  and  shake.  The  oleic  acid  partially  dis- 
solves and  is  held  in  solution  in  the  bile. 

Experiment  151.  Reactions  by  which  its  pigments  can  be  de- 
tected.— The  bile  pigments  have  the  property  when  oxidized  of  passing 
through  a  series  of  brightly  colored  compounds,  finally  becoming 
yellow.  The  final  yellow  color  is  called  choletelin.  Bilieyanin,  a  blue 
color,  and  bilifuscin  are  intermediate  oxidation  products.  The  two 
principal  pigments  of  the  bile  are  biliverdin,  C33H38N408(?),  and 
bilirubin,  CjjHjgN^OoC  ?).  Bilirubin  by  oxidation  is  converted  into 
biliverdin. 

Experiment  152.  Gmelin's  test  for  bile  pigments. — This  test  may 
be  tried  in  various  ways.  It  depends  on  the  oxidation  of  the  pigments 
by  concentrated  fuming  nitric  acid:  i.e.,  nitric  acid  containing  some 
nitrous  acid. 

a.  Place  a  thin  layer  of  bile  on  a  porcelain  dish  and  place  on  it  a 
drop  of  fuming  nitric  acid.  The  drop  becomes  surrounded  by  a  series 
of  ^various  colors,  blue,  pink,  orange,  etc. 

b.  Place  3  c.c.  of  fuming  nitric  acid  in  a  test-tube  and  carefully 
place  above  it  a  layer  of  bile.  On  agitating  very  gently  a  series  of  colors 
develops  at  the  zone  of  contact.  Eepeat  this  test,  diluting  the  bile  many 
times  with  water. 

Experiment  153.  Huppert-Cole  test  for  bilirubin. — To  about  50  c.c. 
of  diluted  bile  add  an  excess  of  baryta  water  or  milk  of  lime.  The 
bilirubin  is  precipitated  as  an  insoluble  barium  or  calcium  compound. 
It  coheres.  Allow  to  settle.  Kemove  most  of  the  supernatant  liquid  with 
a  pipette,  transfer  the  remainder  to  a  small  filter.  Kemove  the  precipi- 
tate from  the  filter ;  place  it  in  a  test-tube ;  add  about  5  c.c.  of  95  per 
cent,  alcohol,  2  drops  of  strong  sulphuric  acid  and  2  drops  of  a  5  per 
cent,  solution  of  potassium  chlorate  and  boil  for  a  minute.  After  the 
settling  of  the  precipitate  of  calcium  or  barium  sulphate,  the  super- 
natant liquid  will  be  an  emerald  or  blue-green. 

Experiment  154.  Hammarsten's  reaction  for  bilirubin. — Take  one 
volume  of  the  acid  mixture  (see  below)  and  add  to  it  4  volumes  alcohol. 
If  a  drop  of  a  solution  containing  bilirubin  is  added  to  a  few  c.c.  of 
this  mixture,  a  beautiful,  permanent  green  color  at  once  develops.  By 
the  addition  of  more  of  the  acid  mixture  to  the  green  solution  the  other 
colors  of  Gmelin's  test  to  choletelin  can  be  obtained.  The  acid  mixture 
should  be  prepared  beforehand.  It  is  made  by  mixing  1  volume  of  nitric 
acid  and  19  volumes  of  HCl,  each  acid  being  about  25  per  cent,  in 
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strength.    It  is  used  when  it  has  become  yellow  by  standing.    It  will  keep 
at  least  a  year. 


THE  BILE  SALTS.     SODIUM  SALTS  OF  GLTCOCHOUC  AND  TAUROCHOLIC  ACIDS. 

Experiment  155.  Preparation  of  glycocholic  acid. — ^Prom  some 
biles  rich  in  glycoeholic  acid  the  acid  will  crystallize.  Place  100  c.c.  of 
ox  bile  in  a  stoppered  cylinder,  add  5  e.e.  of  con.  .HCl  anJ  12  c.c.  of  ether 
and  shake  vigorously.  Put  aside  in  a  cool  place.  In  some  cases  the 
glycoeholic  acid  will  crystallize  out  in  a  few  minutes  or  hours.  If  this 
does  not  happen,  make  the  solution  faintly  alkaline  with  sodium-hydrate 
solution  and  precipitate  the  glycoeholic  acid  by  lead  acetate  or  ferric 
chloride.  Filter.  Decompose  the  precipitate  with  a  small  amount  of 
soda;  filter;  and  treat  the  solution  with  HCl  so  that  it  is  plainly  acid. 
Glycoeholic  ciad  should  crystallize  out.  It  may  be  recrystallized  from 
hot  water. 

Experiment  156.  Preparation  of  bile  salts.  Platner's  bile. — ^Mix 
40  c.c.  bile  with  enough  powdered  charcoal  to  make  a  thin  paste,  about 
10  grams,  and  evaporate  to  dryness  on  the  water  bath.  Grind  the  residue 
in  a  mortar,  transfer  it  to  a  flask  and  extract  it  with  about  75  c.c.  of 
absolute  alcohol  by  boiling  it  on  the  water  bath  for  a  few  moments.  Cool 
and  filter  through  a  dry  filter  into  a  dry  beaker.  Add  ether  to  the  alcohol 
until  a  permanent  cloudiness  results  and  put  in  a  cool  place,  covering 
the  beaker  with  a  plate.  The  bile  salts  should  crystallize  out  as  long 
needles,  or  a  thick  hard  mass.  At  times  their  crystallization  is  delayed. 
Filter  off  and  dry  in  the  desiccator. 

Dissolve  in  water  a  little  of  these  salts  for  the  tests  for  bile  salts 
which  follow : 

Experiment  157.  Pettenkofer's  test  for  bile  salts. — To  5  c.c.  of  the 
solution  of  bile  salts,  or  diluted  bile,  in  a  test-tube  add  a  small  crystal 
of  cane  sugar  and  shake  until  dissolved.  Then  holding  the  tube  inclined 
allow  concentrated  sulphuric  acid,  about  5  c.c.,  to  run  down  beneath  the 
bile  salt  solution.  In  the  presence  of  the  salts  there  develops  at  the  place 
of  junction  a  purple  color.  This  reaction  is  the  same  as  the  Molisch  reac- 
tion, only  in  this  case  we  use  the  bile  salts,  the  eholic  part  of  the 
molecule,  as  the  chromogenic  substance  in  place  of  a-naphthol.  The 
reaction  is  due  to  the  production  of  methyl  hydroxy  furfural  from  the 
sugar  by  the  sulphuric  acid  and  the  union  of  this  with  the  bile  acid  to 
give  th6  color. 

Uote — This  reaction  is  also  given  as  Raspail's  reaction  by  some  fatty  acids: 
namely,  by  those  of  sphiugosine  and  lecithin, 
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Experiment  158.  Gallstones. — Gallstones  can  usually  be  obtained 
from  the  dissecting  room.  Human  gallstones  are  usually  composed  prin- 
cipally of  cholesterol,  but  phosphate  and  pigment  stones  are  also  found. 
The  cholesterol  stones  are  sometimes  white.  They  may  rarely  be  found 
as  large  as  acorns  and  translucent  when  the  cholesterol  is  unusually 
pure.  More  commonly  they  consist  of  cholesterol  with  pigment.  Very 
frequently  at  the  center  will.be  found  microscopic,  highly  colored  casts 
of  the  bile  capillaries.  On  section,  the  cholesterol  stones  generally  show 
a  crystalline  or  radiate  structure.  Often  there  are  rings  of  pigment 
shown  in  cross-section,  as  if  the  stone  had  grown  in  definite  periods. 
Take  a  small  stone,  section  it  with  a  sharp  knife.  Powder  a  portion, 
extract  it  with  ether.  Filter.  Evaporate  the  ether,  dissolve  in  chloro- 
form and  make  the  cholesterol  tests,  page  914.  If  the  stone  is  a  phos- 
phate stone  it  will  not  disappear  when  it  is  burned.  To  find  out  whether 
the  stone  is  chiefly  organic  or  inorganic  heat  a  fragment  on  a  cover  of 
a  porcelain  crucible.  If  it  is  organic  it  will  char  and  bum,  but  if  it  is 
a  phosphate  stone  it  will  leave  a  large  residue.  In  that  ease  dissolve 
the  residue  in  a  little  nitric  acid  and  add  to  the  solution  some  ammonium 
molydate  solution  and  warm.  A  yellow  precipitate  will  form  if  phos- 
phate is  present. 

Experiment  159.  Hay's  test  for  bile  salts. — Bile  salts  like  soaps 
have  the  property  of  greatly  lowering  the  surface  tension  of  water. 
This  may  be  used  as  a  very  delicate  test  for  their  presence,  although  it 
is  of  course  not  specific.  Prepare  two  perfectly  clean  beakers  and  fill 
them  about  half  full  of  perfectly  clean,  not  greasy  or  soapy,  water.  To 
one  of  them  add  a  little  of  the  bile  salt  solution.  Now  sprinkle  on  the 
top  of  each  some  flowers  of  sulphur.  If  the  water  is  clean,  the  sulphur 
will  float  on  the  top  of  one,  but  will  sink  in  the  one  to  which  the  bile 
has  been  added,  owing  to  the  lowering  of  its  surface  tension. 

Experiment  160.  Bile  salts  precipitate  proteins. — The  bile  salts 
have  the  property,  common  to  many  acids,  of  forming  insoluble  precipi- 
tates with  the  proteins.  Slightly  acidify  a  filtered  solution  of  Witte's 
peptone,  about  1  per  cent,  solution,  and  add  to  it  a  drop  or  two  of  bile 
salt  solution  or  of  diluted  bile.  A  white  precipitate  should  form.  The 
bile  probably  thus  precipitates  and  unites  with  the  proteins  in  the 
chyme  when  it  is  discharged  from  the  pylorus. 

Experiment  161.  Cholesterol  in  bile. — Evaporate  10  c.c.  bile  to 
dryness  on  the  water  bath.  Extract  twice  with  small  quantities  of  ether 
and  evaporate  the  ether  extracts  to  dryness  in  another  dish.  DO  NOT 
WORK  NEAR  A  FLAME  WHEN  USING  ETHER.  CARRY  ON 
ALL  SUCH  WORK  ON  THE  STEAM  BATH.  Dissolve  the  residue 
left  from  the  ether  solution  in  about  2  c.c.  chloroform  and  apply  the 
Salkowski  test. 
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Exercise  XXXVI.    The  feces. 

Experiment  162.  Microscopic  examination. — Collect  a  small 
amount  of  feces  on  toilet  paper.  Transfer  a  little  with  a  glass  rod  to 
a  small  drop  of  water  on  a  slide  and  rub  up  with  the  water,  place  over 
it  a  cover  glass  and  observe  with  a  good  microscope.  Observe  the 
enormous  number  of  bacteria  of  various  kinds  and  sizes,  yeasts,  etc. 
There  are  also  present  undigested  remnants  of  foods,  principally  of 
vegetable  fibers,  sieve  tubes,  etc.  After  examining  carefully,  touch  a 
drop  of  KI3  to  one  edge  of  the  cover  slip  so  that  it  flows  under.  Observe 
as  it  goes  under  that  some  of  the  organisms  take  a  deep  blue  stain,  as 
if  they  contained  starch,  and  that  other  fragments  stain  a  brownish 
red. 

Experiment  163.  Intestinal  putrefaction  products. — As  may  be 
seen  by  the  examination  of  the  feces  in  experiment  162  the  large  intes- 
tine contains  myriads  of  bacteria  which  act  upon  the  food  products  and 
intestinal  'secretions  which  have  escaped  absorption  and  produce  by 
putrefaction  and  fermentation  various  products,  some  of  which  are  of- 
fensive and  harmful.  Among  these  products  which  give  to  feces  theii' 
characteristic  odor  are  indole  and  scatole.  The  method  of  separating 
these  substances  from  the  feces  is  by  distillation.  This  method  and  some 
of  the  properties  of  these  bodies  are  illustrated  in  the  following  experi- 
ments, but  instead  of  using  feces,-  a  putrefying  protein  solution,  blood, 
fibrin  or  casein,  is  used  instead.  This  is  inoculated  by  Bacillus  coli 
communis,  the  principal  inhabitant  of  the  colon.  This  bacillus  makes 
indole  from  tryptophane.  The  protein  chosen  to  be  putrefied  should  be 
one  containing  tryptophane,  and  casein  is  chosen  for  this  reason. 

Obtain  100  c.c.  of  the  putrefied  protein  from  the  storeroom.  Distill 
off  about  50  c.c,  using  a  water-cooled  condenser.  It  may  be  necessary 
to  coagulate  and  filter  before  conducting  the  distillation. 

Acidify  the  distillate  with  hydrochloric  acid  and  extract  three  times 
in  a  separatory  funnel  with  20  c.c.  ether  each  time.  Allow  the  ether 
extract  to  evaporate  spontaneously  at  room  temperature.  Save  also  the 
acid  aqueous  layer  for  the  work  below. 

Dissolve  the  residue  from  the  ether  extract  in  about  10  c.c.  water, 
filter  if  necessary  and  test  for  phenol  and  cresol  and  for  indole  and 
scatole.  For  the  two  former  apply  the  Millon  test.  To  another  portion 
add  saturated  bromine  water,  a  crystalline  precipitate  indicates  tribrom- 
phenol  and  tribrom-cresol  formation. 

Indole  gives  a  red  coloration  by  glyoxylic  acid  +  concentratedHjSOi, 
and  a  violet  blue  with  formaldehyde  +H2SO4.  Scatole  requires  the 
addition  of  a  drop  of  very  weak,  PeClg  solution  (or  other  oxydizing 
agent)  to  give  the  test  with  formaldehyde  -I-H2SO4.    Apply  these  tests 
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on  1  c.e.  portions  of  your  solution  above  (Dakin,  Jour.  Biol.  Chem.,  Vol. 
II.,  1907,  p.  289). 

With  para-dimethyl-amido-benzaldehyde  (Ehrlieh's  reagent.  Para- 
dimethylainidobenzaldehyde  4  parts;  alcohol  95-98  per  cent.  380  parts; 
con.  HCl  80  parts)  indole  gives  a  red  color  which  becomes  darker  red 
on  the  addition  of  sodium  nitrite.  Scatole  yields  a  blue-violet  color 
before  adding  the  nitrite  and  a  deep  blue  after  addition  thereof.  This 
blue  color  may  be  extracted  by  chloroform  (Steensma,  Zeits.  f.  Phyciol. 
Chem.,  Vol.  XL VII,  1906,  p.  25). 

The  original  acid-water  solution  above  may  contain  sulphides  and 
ammonia.  Test  directly  for  sulphides  therein.  Concentrate  the  re- 
mainder of  the  solution  to  about  5  to  10  c.c.  and  test  the  same  for 
ammonia. 

The  graphic  formulas  of  indole  and  scatole  are  given  on  page  441. 

Experiment  164.  Examination  of  feces  for  occult  blood. — The 
presence  of  blood  or  its  decomposition  products  in  the  feces  is  of 
diagnostic  importance  in  various  pathological  states.  One  -of  the  im- 
portant methods  of  detecting  such  blood  is  by  means  of  the  benzidine 
reaction.  The  reaction  depends  on  the  development  of  a  blue  color  in 
benzidine  by  hematin  or  iron  salts.  The  test  may  be  applied  as  follows 
or  by  using  the  benzidine  tablets  supplied  by  various  drug  houses. 

Place  in  a  dry  test-tube  about  1  eg.  of  benzidine  (a  pinch),  add 
3  c.e.  glacial  acetic  acid  and  mix  for  about  one  minute.  Add  an  equal 
volume  of  hydrogen  peroxide.  Mix  and  pour  one-half  of  the  solution 
into  a  clean  dry  test-tube,  keeping  the  other  half  for  a  control,  to  see 
that  it  does  not  turn  blue  without  any  addition.  Now  add  to  one  of 
the  tubes  about  1  c.c.  of  a  suspension  of  feces  in  distilled  water.  If 
blood  is  present  or  its  decomposition  products,  the  tube  becomes  greenish 
blue.    Make  the  test  first  with  a  very  dilute  blood  solution. 

Experiment  165.  Occult  blood  in  stools.  (Method  of  Lyle  and 
Curtman :  J.  B.  C,  33,  1918,  p.  1.) 

Principle.  A  part  of  the  stool  is  boiled  with  acetic  acid,  extracted 
in  ether  and  the  presence  of  hemin  in  the  ether  detected  by  means  of  a 
modified  guaiaconic  acid-peroxide  of  hydrogen  method.  This  method  is 
more  certain  than  the  guaiac,  but  not  quite  so  sensitive  as,  and  more 
reliable  than,  the  benzidine  test. 

Method.  Stools  should  be  obtained  from  patients  when  on  a  meat 
free  and  soup  free  diet,  since  meat  extract  contains  substances  which 
will  give  this  test.  The  test  is  used  for  the  purpose  of  detecting  blood 
in  the  stool  for  the  diagnosis  of  ulcer  and  cancer.  About  10  grams  of  the 
stool  are  placed  in  a  50  or  100  c.c.  beaker,  25  c.c.  distilled  water  are 
added  and  the  whole  stirred  to  uniform  consistence  and  then  boiled  for 
several  minutes  over  a  low  flame.    Cool  and  transfer  to  a  small  stoppered 
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bottle  of  about  100  c.c.  capacity,  or  less,  add  5  c.e.  of  good  grade  glacial 
acetic  acid  and  25  c.c.  ether  and  shake  thoroughly  and  allow  to  stand 
until  the  ether  has  separated.  Draw  off  about  2  c.c.  of  the  ether  extract 
into  a  test-tube,  add  0.5  c.c.  of  the  guaiaconic  acid  reagent  (1 :  60)  and 
finally  1  to  5  drops  of  30  per  cent,  perhydrol  are  added  from  a  pipette, 
shaking  after  each  addition.  A  decided  green,  light  blue  or  purple 
color  indicates  the  presence  of  blood  of  sufficient  quantity  to  be  of 
clinical  significance. 

Guaiaconic  acid.  This  may  be  purchased  or  prepared  from  gum 
guaiac.  In  the  latter  case  proceed  as  follows:  Grind  50  grams  crude 
gum  guaiac  and  extract  it  in  a  beaker  at  room  temperature  with  20 
grams  KOH  dissolved  in  200  c.c.  water.  Stir  thoroughly  during  the 
extraction.  After  thorough  stirring  filter  with  suction  on  Buchner 
through  thin  layer  of  cotton.  Wash  residue  with  water  and  filter  also, 
repeating  until  the  combined  filtrates  are  about  1%  liters.  Run  into 
the  filtrate  dropwise  from  a  burette  21  c.c.  glacial  acetic  acid,  stirring 
constantly.  Allow  to  settle,  decant  the  supernatant  liquid,  saving  the 
ppt.,  wash  with  water  by  decantation.  Then  filter  through  Buchner 
by  suction.  The  precipitate  cannot  be  dried  in  this  way.  To  separate 
the  water  remove  from  the  filter  and  heat  ppt.  gently  in  small  portions 
in  evaporating  dish.  The  water  separates  and  may  be  removed  by  filter 
paper.  Spread  in  thin  sheets  on  glass  and  dry  in  air.  Grind  the  dried 
masses  to  powder  and  treat  with  300  c.c.  95  per  cent,  alcohol,  stirring 
constantly.  Filter  from  a  dark  brown  flocculent  ppt.,  and  distill  off 
the  alcohol  from  the  filtrate.  Redissolve  residue  with  20  grams  of  KOH 
dissolved  in  200  c.c.  water  and  reprecipitate  with  glacial  acetic  acid. 
Filter  and  dry  as  before.  Yield  should  be  30  grams.  Grind  it  and 
keep  in  stoppered  bottle  or  in  a  desiccator. 

The  reagent  is  made  by  dissolving  1  gram  of  this  substance  in  60  c.c. 
95  per  cent,  alcohol.  Kept  in  stoppered,  ordinary  glass  bottle  no  diminu- 
tion of  reactivity  was  noted  in  several  weeks. 


CHAPTER  XXX. 
THE  BLOOD. 

Exercise  XXXVII. 

Vertebrate  blood  consists  of  a  liquid  called  the  plasma,  which  holds 
in  suspension  a  vast  number  of  small  bodies:  the  red  corpuscles,  the 
white  corpuscles  and  the  blood  platelets.  There  are  in  1  c.mm.  of  normal 
human  blood  about  5,500,000  red  corpuscles  and  8,000  whites.  The 
plasma  consists  of  water  holding  in  solution  about  8  per  cent,  of  coagula- 
ble  proteins,  serum  globulin,  fibrinogen  and  serum  albumin, — salts,  a 
little  glucose  (about  0.1  per  cent.)  and  a  great  number  of  other  sub- 
stances, amino-acids,  urea,  etc.,  which  are  present  in  very  small  quanti- 
ties. The  red  corpuscles  owe  their  color  to  hemoglobin,  a  protein  having 
the  power  of  forming  a  loose  union  with  oxygen  and  which  carries 
oxygen  to  the  tissues.  The  number  of  white  and  red  corpuscles  varies 
under  different  conditions  of  health  and  their  number  aften  furnishes 
a  valuable  means  of  diagnosing  disease  and  of  showing  the  state  of 
health  or  disease  of  the  blood.  For  this  reason  simple  and  expeditious 
methods  have  been  devised  for  the  determination  of  the  number  of 
white  and  red  corpuscles  in  the  blood  and  of  the  amount  of  hemoglobin, 
and  also  of  the  relative  amount  of  corpuscles  and  plasma.  The  study 
of  the  blood  may  be  begun  with  the  determination  of  these  factors. 

Experiment  i66.  Determination  of  the  number  of  red  corpuscles 
in  the  blood.  Method  of  using  the  hemacytometer  of  Thoma-Zeiss. — 
The  apparatus  consists  of  two  pipettes  for  dilution  and  a  slide  ruled  in 
squares.  The  pipette  for  the  determination  of  the  red  corpuscles  dilutes 
the  blood  100  times ;  that  for  the  white,  10  times.  Prick  the  finger  and 
when  a  good  drop  of  blood  has  collected  draw  it  up  into  the  pipette  for 
the  reds  to  the  mark  1.  Wipe  the  blood  off  the  exterior  of  the  pipette 
and  then  draw  up  quickly  some  Hayem's  solution  to  the  mark  101. 
Mix  the  contents  thoroughly  at  once  in  the  bulb  by  shaking  the  pipette 
back  and  forth  so  that  a  uniform  suspension  of  corpuscles  is  obtained. 
Allow  some  of  the  mixture  to  flow  out  of  the  pipette  and  then  transfer 
a  small  drop  to  the  ruled  platform  of  the  cell.  But  before  doing  this 
see  that  the  cell  is  perfectly  clean  and  that  there  is  no  dust  either  on 
the  slide  or  the  cover  slip.  The  drop  should  be  so  large  that  when  the 
cover  slip  is  put  on  it  does  not  overflow  into  the  moat,  but  completely 
covers  the  ruled  platform.    Allow  the  slide  to  stand  for  a  few  moments 
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for  the  corpuscles  to  settle  and  then  count  16-20  of  the  small  squares, 
beginning  at  one  corner  and  going  straight  across  the  cell  and  then  the 
next  tier  and  so  on.  The  average  number  of  corpuscles  per  square  is 
determined.  The  squares  are  ruled  so  that  each  square  is  one-four- 
hundredth  of  a  square  mm.  and  the  depth  of  the  space  above  the  ruled 
platform  is  one-tenth  of  a  mm.,  so  that  each  square  represents  the 
number  of  corpuscles  in  one-four-thousandth  of  a  c.mm.  The  average 
number  of  corpuscles  per  square  multiplied  by  4,000  and  by  100,  since 
the  sample  of  blood  was  diluted  100  times,  gives  the  number  of  red 
corpuscles  in  1  c.mm.  of  blood.  Hayem's  solution  in  the  following: 
Na2S04,  5  grams  HgClj,  0.5  gram ;  NaCl,  1  gram ;  distilled  water,  200  c.c. 

The  determination  of  the  white  corpuscles  is  made  in  a  similar  way, 
except  that  the  other  pipette  is  used  which  dilutes  only  10  times.  It  is 
filled  with  blood  to  the  mark  1  and  then  the  point  is  wiped  off  and  at 
once  the  solution  of  0.5  per  cent,  acetic  acid  is  drawn  up  to  the  mark  11, 
and  the  blood  mixed  with  the  solution  by  shaking  and  rotating  the 
pipette.  It  is  necessary  to  work  rapidly  to  prevent  the  clotting  and 
sticking  together  of  the  corpuscles.  It  is  difficult  to  get  a  uniform  dis- 
tribution of  the  corpuscles.  After  thoroughly  mixing  place  on  the  slide 
as  before  and  count  the  corpuscles.  The  red  corpuscles  are  dissolved  by 
the  acid  and  the  whites  are  fixed.  The  number  per  square  multiplied 
by  40,000  gives  the  number  of  corpuscles  per  c.mm.  It  is  well  to  count 
the  whole  of  a  large  square.  This  determination  is  a  difficult  one  to 
make  accurately. 

Experiment  167.  Oliver's  hemac3^ometer. — The  Thoma-Zeiss 
method  of  directly  counting  the  corpuscles  is  trying  on  the  eyes  and 
consumes  much  time.  A  simple,  accurate  clinical  method  of  determining 
the  number  of  red  corpuscles  is  that  of  Oliver.  The  principle  of  this 
method  consists  in  diluting  a  given  amount  of  blood  with  a  solution 
until  the  flame  of  a  candle  makes  just  the  image  of  a  line  through  it. 
The  apparatus  is  simple.  It  consists  of  a  measuring,  capillary  pipette, 
a  pipette  like  a  medicine  dropper  and  a  test-tube  graduated  and  having 
a  rectangular  cross-section.  The  method  of  using  this  apparatus  is 
described  by  Cabot  as  follows : 

Clean  and  dry  the  capillary  pipette  by  drawing  through  it  a  needle  carrying 
thread  or  darning  cotton  saturated  with  water  and  then  with  alcohol  and  ether. 
The  medicine  dropper  is  then  filled  with  Hayem's  solution.  The  capillary  pipette  is 
then  filled  with  blood  in  the  usual  way,  any  superfluous  blood  on  th,e  outside  being 
quickly  removed,  the  pipette  connected  at  the  blunt  end  with  the  rubber  on  the  end 
of  the  medicine  dropper  and  the  blood  washed  out  by  means  of  the  Hayem's  solution 
into  the  graduated  test-tube.  If  the  previous  hemoglobin  estimation  has  sho\vn 
nearly  the  normal  amount  of  hemoglobin,  the  blood  may  now  be  diluted  to  about  80 
with  Hayem's  solution.  Hold  it  •  in  the  hand  in  the  manner  indicated,  with  the 
thumb  and  first  finger  extending  up  the  sides  of  the  tube,  and  holding  the  tube  close 


992  PHYSIOLOGICAL   CHEMISTRY 

to  the  eye  in  a  dark  room  and  about  9-10  feet  from  the  small  wax  (Christmas) 
candle,  see  if  the  image  of  the  candle  suddenly  appears  as  a  bright  line  across  the 
tube.  Dilute  by  adding  a  few  drops  of  Hayem's  solution,  hold  the  finger  over 
the  mouth  of  the  tube  and  invert  once  or  twice,  wiping  each  time  the  thumb  on  the 
mouth  of  the  tube  so  that  the  liquid  sticking  to  it  goes  back  in  the  tube,  and  continue 
diluting  and  testing  until  the  bright  line  suddenly  appears.  This  dilution  is  such 
that  the  solution  contains  approximately  52  corpuscles  to  36  squares  of  the  Thoma- 
Zeiss  counter.  If  enough  fluid  has  been  added  to  make  the  volume  in  the  tube  100, 
the  blood  contains  5,000,000  corpuscles  per  c.mm.  If  it  has  been  necessary  to  dilute 
it  to  80,  it  will  contain  80  per  cent,  of  5,000,000  or  4,000,000;  if  only  diluted  to 
50,  the  number  is  2,500,000.  The  values  obtained  by  this  instrument  with  human 
blood  after  a  little  practice  are  usually  correct  within  1  per  cent.,  unless  a  very 
great  number,  100,000  per  c.mm.,  or  more,  leucocytes  are  present  when  somewhat 
higher  figures  are  obtained.  The  tube  held  in  the  hand  in  the  manner  indicated 
shuts  off  with  the  hand  the  light  of  the  candle,  except  that  coming  through  the  tube. 

Experiment  i68.  Hematokrit  method. — In  this  method  the  relative 
volume  of  plasma  and  corpuscles  is  determined  by  the  separation  of  the 
corpuscles  by  rapid  centrifugalization  in  a  Daland  hematokrit.  The 
finger  or  ear  is  pricked  and  a  sample  of  blood  is  sucked  up  into  the 
capillary,  graduated  tube  of  the  hematokrit.  The  tube  must  be  exactly 
filled.  To  do  this  grease  the  first  finger  with  a  little  vaseline  and,  as 
soon  as  the  tube  is  removed  from  the  blood-drop,  slip  the  greased  finger 
tightly  over  the  end.  Holding  it  there,  detach  the  rubber  tube  from 
the  other  end  and  slip  the  tube  into  the  hematokrit,  with  the  beveled 
end  toward  the  axis  of  rotation.  An  empty  tube  has  previously  been  put 
into  the  other  side  of  the  centrifuge  for  balancing  purposes.  Now  rotate 
the  centrifuge  for  two  minutes  at  the  rate  of  70  revolutions  of  the  handle 
per  minute.  If  the  work  has  been  rapidly  done,  the  blood  is  centrifuged 
before  it  has  clotted,  the  corpuscles  are  packed  as  a  solid  plug  at  the 
outer  end  of  the  tube.  They  make,  as  a  rule,  in  normal  blood  about  40 
per  cent,  of  the  length  of  the  tube.  This  corresponds  to  about  5,000,000 
corpuscles  per  c.mm.  Since  many  factors  infiuence  the  volume  of  the 
corpuscles,  the  method  is  not  accurate  for  determining  the  number 
of  corpuscles.  The  centrifuge  used  for  the  purpose  is  noisy,  crude  and 
generally  unsatisfactory. 

Determination  of  hemoglobin. — The  most  convenient  clinical  method 
for  this  purpose  is  that  of  Tallqvist.  The  most  elaborate  is  that  of 
von  Fleischl,  but  as  the  latter  method  is  inaccurate,  cumbersome  and 
expensive,  it  possesses  no  superiority  over  and  should  be  replaced  by  the 
Tallqvist  and  Dare  methods.  Normal  human  blood  contains  14-15  per 
cent,  of  Hb. 

Experiment  169.  Tallqvist  method. — The  advantage  of  this  method 
is  its  cheapness,  the  Tallqvist  scale  costing  but  $1.25,  and  its  extreme 
simplicity.    A  determination  of  the  hemoglobin  within  at  least  10  per 
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cent,  can  be  made  at  the  bedside  and  in  a  few  moments.  A  drop  of 
undiluted  blood  is  soaked  into  a  piece  of  filter  paper  and  after  a  moment 
or  so,  and  before  it  has  dried,  it  is  matched  with  the  color  of  the  scale 
against  a  white  background  and  in  ordinary  daylight.  The  scale  has 
been  carefully  prepared  by  matching  the  tint  of  blood  of  various  degrees 
of  anemia  and  known  hemoglobin  content  when  soaked  into  filter  paper. 
The  colors  were  lithographed  and  the  lithographed  scale  bound  up  with 
50  pieces  of  filter  paper.  It  can  easily  be  slipped  in  the  pocket.  The 
errors  are  not  greater  than  with  the  von  Fleischl  apparatus  in  the  usual 
hands. 

Experiment  170.  Oliver's  hemoglobinometer, — This  has,  in  gen- 
eral, the  same  principle  as  the  foregoing,  but  uses  diluted  blood.  The 
capillary  pipette  is  filled  with  blood  from  a  pricked  ear  or  finger  and 
washed  as  in  the  case  of  the  hematocytometer  into  the  cell  by  some  water. 
The  cell  is  then  filled  with  water,  the  cover  put  on  so  that  only  a  very 
small  bubble  remains  under  the  cover  slip,  to  show  that  it  is  not  overfull, 
and  compared  with  the  scale.  The  color  of  the  cell  is  matched  with  the 
colors  of  the  scale.  Two  riders  are  supplied  which,  when  placed  above 
the  scale,  make  the  tjnt  somewhat  deeper  and  so  increase  the  number  of 
subdivisions.  For  example,  if  the  sample  has  a  tint  between  80  and  90, 
a  rider  placed  on  80  makes  it  85.  If  the  test  comes  between  85  and  90, 
it  could  be  called  87.5.  100  per  cent,  is  taken  as  the  normal.  This  cor- 
responds to  14  per  cent,  of  hemoglobin  in  the  blood.  Keflected  candle- 
light is  used.  By  this  a  reading  may  be  had  to  2  per  cent.  A  set  of 
disks  can  be  had  adjusted  to  daylight  readings. 

Experiment  171.  Dare's  hemoglobinometer. — This  instrument  is 
extremely  convenient.  It  uses  undiluted  blood  so  that  it  avoids  the  errors 
due  to  dilution.  It  is  compact,  but  it  costs  $20.  It  is  more  accurate 
than  Tallqvist  's  method,  but  not  so  convenient.  It  is  probably  the  best 
of  the  methods  here  given. 

The  film  of  blood  is  drawn  between  two  plates  of  glass  by  capillarity, 
and  the  tint  compared  with  a  revolving  scale  of  a  circular  disk  of  glass. 
The  two  colors  are  matched  and  the  per  cent,  of  Hb  in  terms  of  the 
normal  read  off.  The  colors  are  compared  by  candlelight  and  the 
observation  made  through  a  telescopic  attachment  so  that  light  is  cut  off 
other  than  that  transmitted.  A  dark  room  is  not  necessary.  The  instru- 
ment is  simply  pointed  at  some  dark  comer.  The  candle  is  attached  to 
the  instrument.  A  more  accurate  method,  using  the  Duboseq  colorimeter, 
is  described  by  Newcomer. 

Experiment  172.  Hemoglobin  by  Newcomer's  method.  (New- 
comer: Jour.  Bid.  Ckem.,  37,  p.  465,  1918.) 

Principle.  The  color  of  hematin  hydrochloride  is  matched  in  a 
'Duboseq  or  Benedict  and  Bock  colorimeter  against  a  special  colored 
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glass  (1  mm.  thickness),  furnished  by  A.  H.  Thomas  Co.,  Philadelphia, 
or  by  Bausch  and  Lomb. 

Method.  On  top  of  one  of  the  plungers  of  the  Duboseq  place  the 
special  glass  and  partly  fill  the  cup  on  that  side  with  distilled  water. 
Into  the  cup  of  the  other  side  place  5  e.c.  of  O.IN  HCl  (1  per  cent.  C.P. 
HCl)  and  add  20  c.mm.  of  blood  obtained  by  puncture  measured  by  a 
capillary  pipette.  Stir.  Balance  the  color  of  the  two  sides  of  the 
colorimeter.  The  reading  darkens  slowly  and  it  is  better  to  make  the 
readings  after  40  minutes,  but  a  correction  can  be  made  for  times  less 
than  this. 

Calculation.    Grams  of  Hb  in  100  c.c.  blood  are  given  by  the  formula : 

0  ^8d 

-^ ;  where  t  is  the  thickness  of  the  hematin  solution,  that  is,  the 

reading  of  the  colorimeter  on  the  hematin  side,  and  d  is  the  dilution. 

This  is  the  formula  if  the  reading  is  made  at  least  40  minutes  after  the 

dilution  of  the  blood.    As  d  is  the  dilution,  in  this  case  251,  the  formula 

95  38 
with  this  dilution  would  be  — j — .     When  corrected  for  the  time,  the 

b 

formula  would  be^,..-,- .., ,  , .  where  x  is  the  time  in  minutes  after  the 

t(100  — 40/x)' 

addition  of  the  blood  and  t  is  as  before  the  reading  of  the  colorimeter. 

The  oxygen  capacity  of  the  blood  can  be  calculated,  since  1  gram 

of  Hb  yields  1.34  c.c.  of  Oj  measured  under  standard  conditions,  by  the 

f  ormula :  -^-T — X  1-34  =  -^— — .    The  capacity  of  normal  blood  is  about 

18.75  c.c. 

Since  correction  must  be  made  for  the  exact  thickness  of  the  plate 
of  glass,  which  is  seldom  exactly  1  mm.  and  for  the  time,  the  following 
tables  will  be  found  useful.  The  thickness  of  the  glass  is  along  the  top 
of  the  table  and  the  time  along  the  ordinate.  These  tables  are  for  the 
dilution  of  251.  The  Duboseq  colorimeter  will  read  without  difficulty 
the  dilution  even  when  the  blood  is  50  per  cent,  normal  content  of  Hb. 
The  Benedict-Bock  may  be  used  even  for  20  per  cent.  Hb  content.  For 
more  abnormal  bloods  the  dilution  must  be  reduced.  "When  using  the 
table  look  along  the  top  to  the  column  having  the  right  thickness  of  the 
glass,  then  down  this  to  the  figure  opposite  the  right  time.  Divide  the 
number  thus  found  by  the  reading  of  the  colorimeter.  The  result  will 
be  the  grams  of  Hb  in  100  c.c.  blbod.  The  other  table  gives  oxygen 
capacity  of  the  blood. 
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TABLE  1. 

To  obtain  gm.  of  hemoglobin  per  100  c.e.  of  whole  blood,  divide  the  colorimeter 
reading  into  the  figure  of  the  appropriate  square,  the  choice  of  the  square  depending 
upon  the  thickness  of  the  glass  used  and  the  length  of  time  since  dilution  of  the 
blood  was  made. 


Tliicliness  of  colored  glass  in  mm. 

Time 

since 

dilution 

0.95 

0.96 

0.97 

0.98 

0.09 

1.00 

1.01 

1.02 

1.03 

1.04 

1.05 

min. 
10 

94.4 

95.4 

96.4 

97,4 

98.4 

99.4 

100.4 

101.4 

102.4 

103.4 

,j'4.4 
103.0 
102.3 
101.5 
101.2 
100.2 

15 

93.1 

94.1 

95.0 

96.0 

97.0 

98.0 

99.0 

100.0 

101.0 

102.0 

20 

92.5 

93.5 

94.5 

95.4 

96.4 

97.4 

98.4 

99.4 

100.4 

lOlf 
lOp'- 

30 

91.8 

92.8 

93.8 

94.8 

95.7 

96.7 

97.7 

98.6 

99.6 

40 

91.6 

92.5 

93.5 

94.5 

95.4 

96.4 

97.4 

98.3 

99.3 

f^ 

Final  .  . . 

90.6 

91.6 

92.5 

93.5 

94.4 

95.4 

96.4 

97.3 

98.3;. 

.A 

% 

TABLE  2. 

To  obtain  the  per  cent,  hemoglobin,  Haldane  scale,  divide  the,  cp'^'^^^er  reading 
into  the  figure  of  the  appropriate  square,  the  choice  of  the  squire  depending  upon 
the  thickness  of  the  glass  used  and  the  length  of  time  sinc6y*l"tion  of  the  blood 
was  made. 


Time 

Thickness  of  colored  slass/«>  ™™- 

since 
dilation 

0.95 

0.96 

0.97 

0.98 

0.99 

1.00^ 

-J.Ol 

1.02 

1.03 

1.04 

1.05 

min. 
10 

683 

690 

697 

704 

712 

p 

726 

733 

740 

748 

755 

15 

673 

680 

687 

694 

702 

fioin 

716 

723 

730 

737 

744 

20 

669 

676 

683 

690 

697  J 

I/m 

711 

718 

725 

732 

739 

30 

664 

671 

678 

685 

69^ 

r699 

706 

713 

720 

727 

734 

40 

662 

669 

676 

683 

fiOHT 

697 

704 

711 

718 

725 

732 

Final  . . . 

655 

662 

669 

'676 

w 

690 

697 

704 

711 

717 

724 

Ex 

ERCISl 

:  X3! 

Cvii] 

[.     H 

EMOGL 

OBIN. 

This  the  red  coloring  miftter  of  the  blood,  is  confined  in  the  verte- 
brate blood  to  the  red  biyTcorpuscles.  If  small  quantities  are  present 
in  the  plasma,  the  amoral  is  so  small  that  at  present  we  cannot  detect 
it.  The  function  of  ps  red  conjugated  protein  is  to  convey  oxygen 
from  the  lungs  to  tlfe  tissues.  It  has  the  power  of  forming  a  loose, 
dissociable  union /ith  oxygen,  the  compound  being  known  as  oxy- 
hemoglobin. It  Ms  also  the  power  of  combining  with  other  substances. 
The  absorption  Xectra  due  to  the  absorption  of  light  of  these  various 
compounds  d^  somewhat  and  the  compounds  may  be  detected  and 
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distinguished  by  these  spectra.  We  will  consider,  first,  influences  which 
cause  the  hemoglobin  to  leave  the  corpuscles  and  become  free  in  the 
plasma.  This  process  is  called  laking  the  blood ;  second,  we  will  consider 
methods  of  crystallizing  hemoglobin;  third,  the  spectra  of  various  com- 
pounds of  hemoglobin  with  oxygen,  carbon  monoxide,  of  hemoglobin 
itself  and  methemoglobin  and  some  other  derivatives;  and  fourth,  some 
of  the  decomposition  products  of  hemoglobin. 

Influences  which  cause  the  hemoglobin  to  leave  the  corpuscles. 
Laking  the  blood. — The  separation  of  hemoglobin  from  corpuscles  is 
a  matter  of  very  great  interest  because,  owing  to  the  color  of  the  hemo- 
Spbin,  the  process  can  be  very  easily  followed  and  the  causes  and  nature 

the  processes  involved  can  be  studied.  It  is  not  probable  that  the 
pass.^g  out  of  hemoglobin  is  at  all  peculiar,  but  that  all  cells  in  a  similar 
mannu  j^gg  gome  of  their  constituents  when  subjected  to  these  same 
p  ocesst^    We  cannot,  however,  so  easily  detect  them,  owing  to  the  lack 

CO  or.  jjj  studying  the  laking  of  the  blood,  therefore,  it  is  probable 
_     _       ^  "^Hter  is  of  greater  interest  as  a  type  of  cellular  reaction  than 

IS  tor  lU  immediate  significance  for  the  physiology  of  the  blood, 
a  mg  may  V'^^j-oduced  by  the  following  agents:  by  warming,  or  freez- 
ing and  thawing ijiood;  by  the  action  of  anesthetics  of  aU  kinds;  by  the 
pumpmg  of  the  ^^ggg  ^^^  ^f  ^^e  blood,  particularly  by  taking  out  the 
oxygen;  by  the  actv^^  „£  ^g^y  dilute  alkalies;  by  the  action  of  bile  salts 
and  soaps;  by  the  Vg^ioQ  of  specific  hemolytic  agents  such  as  the 
hemolysins;  by  diluting, the  blood  with  water  so  that  the  blood  is  hypo- 
tonic; by  condenser  discWges  through  the  blood;  by  various  toxic  sub- 
stances, such  as  certain  skfeg  venoms,  and  saponins. 

It  will  be  observed  thaVogt  „£  these  agents  cause  either  stimula- 
tion or  depression  of  protop^^mic  processes.  Since  the  discharge  of 
hemoglobin  from  the  corpuscle  i,  gang  that  a  change  in  the  distribution 
of  the  constituents  of  the  proto^Agn^  has  occurred  under  the  infiuence 
of  the  reagent,  it  has  been  sugges\^  that  "the  nature  of  the  process  of 
stimulation  consists  in  the  physiea%ange  in  distribution  of  the  con- 
stituents of  the  protoplasm  caused  bj\g  laking  agent  or  the  stimulus. 
The  hemoglobin  is  generally  supposed  t\e  held  in  the  corpuscle  by  the 
limiting  membrane,  which  is  of  such  a  nalLg  that  it  cannot  go  through. 
Many  authors  accordingly  speak  of  the  hen\ytic  agents  as  affecting  the 
permeability  of  the  sheaths  of  the  corpuscles\As  pointed  out  on  page 
498,  the  phenomena  may  also,  and  perhaps  iJi^re  correctly,  be  inter- 
preted on  the  hypothesis  that  the  hemoglobin  is  \  loose  union  with  the 
constituents  of  the  stroma  of  the  protoplasm  and  tLse  various  reagents 
alter  the  stability  of  that  union.  \ 

Experiment  173.    Influence  of  hypotonicity.    L^ing  by  dilution 
with  water.— To  illustrate  this  take  7  test-tubes  and  plac^  in  each  10  c.e. 
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respectively  of  the  following  solutions:  a,  distilled  water;  b,  0.2  per 
cent.  NaCl  solution ;  c,  0.4  per  cent.  NaCl ;  d,  0.5  per  cent.  NaCl ;  e,  0.7 
per  cent.  NaCl ;  f,  1.0  per  cent.  NaCl ;  g,  1.2  per  cent.  NaCl.  Most  easily- 
prepared  by  running  the  proper  amounts  of  2  per  cent.  NaCl  solution 
and  water  from  two  burettes.  To  each  tube  add  from  a  pipette  two 
drops  of  defibrinated  blood.  Mix  well  and  allow  to  stand  for  a  few 
minutes.  Record  the  results.  The  laked  blood  is  a  darker  color  and 
more  transparent.    Which  tubes  lake  the  blood? 

Experiment  174.  Laking  by  anesthetics. — Anesthetics  unfortu- 
nately have  the  property  of  laking  blood.  Take  two  tubes  containing 
10  c.c.  0.9  per  cent.  NaCl  solution.  To  one  add  a  drop  or  two  of  the 
anaesthetic  and  shake.  Then  add  to  each  three  drops  of  defibrinateig 
blood  and  mix.  Allow  both  to  stand.  Observe  the  laking  in  the  ang 
thetie  tube.  Test  in  this  way  ether,  chloroform,  naphtha,  tolij^^' 
acetone  and  alcohol. 

Experiment  175.  Laking  by  warming. — To  5  c.c.  of  0.9  pee  cent. 
NaCl  add  3  drops  of  defibrinated  blood  and  warm  carefully  to  ai"^^  ^"  ' 
not  higher,  holding  the  blood  for  a  few  minutes  at  that  te/^P^''^*^''^- 
Laking  will  occur.  Laking  will  also  occur  by  freezing  tb^  olood  and 
thawing.  The  laking  in  this  case  is  possibly  accelerated  b/  *^®  ^^^*  ^'^^^ 
on  melting  the  ice  crystals  local  differences  of  concentr||''''n  occur.  But 
this  it  not  the  only  explanation.  ^ 

Experiment  176.  Laking  by  bile  salts.— To  J^  c.c.  of  a  0.3  per 
cent  solution  of  bile  salts  in  0.9  per  cent.  NaCl  add  3  drops  of  defibri- 
nated blood.  Observe  the  laking.  Eepeat,  usin^  a  little  soap  solution 
in  place  of  bile  salts. 

Experiment  177.  Laking  by  saponins.— fo  10  c.c.  of  a  0.9  per  cent, 
solution  of  NaCl  containing  0.1  per  cent  "^  saponin  add  3  drops  of 
defibrinated  blood. 

Experiment  178.  Laking  by  di);^alkalies..— Make  a  precipitate 
of  sodium  magnesium  phosphate  hy'oj^ng  to  a  solution  of  MgCl^  some 
solution  of  Na^HPO,,  and  if  necQjfj  a  little  NaOH.  Filter  off  and 
wash  with  water.  Now  suspend  some,  of  the  precipitate  in  10  c.c.  of 
0.8  per  cent.  NaCl,  add  3  drops  0/ defibrinated  blood,  mix  well  by  invert- 
ing the  tube  twice  and  allow, to  stand.  Have  a  control  tube  with  the 
blood  and  sodium  chloride  alone.  The  hemolysis  may  be  slow,  so 
observe  for  some  time.         * 

Experiment  179.  Crystallizing  hemoglobin.— Various  bloods  crys- 
tallize with  different  ease.  Guinea-pig  blood  crystallizes  with  the 
greatest  ease  and  crytals  can  be  obtained  by  mixing  a  drop  of  the 
defibrinated  blood  with  a  drop  of  water  on  the  microscopic  slide  and 
putting  on  a  cov^  glass.  The  crystals  form  very  quickly.  Rat  and 
mouse  blood  crystalize  readily,  and  also  the  blood  of  the  amphibian, 
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Neeturus.  Dog's  blood  oxyhemoglobin  crystals  may  be  obtained  by 
adding  a  few  drops  of  ether,  or  better  toluene,  to  10  c.e.  of  defibrinated 
dog's  blood  in  a  test-tube  and  mixing  until  laked.  Then  add  a  Jittle 
powdered  ammonium  oxalate,  shake  once  or  twice  and  place  in  the  ice- 
box or  a  cool  place  for  a  few  hours.  Crystals  of  hemoglobin  will  gen- 
erally be  found.  Examine  them  microscopically  and  draw  some  of  them. 
The  other  proteins  and  ghosts  of  corpuscles  may  be  removed  from  laked 
blood,  leaving  Hb  alone,  by  addition  of  A1(0H)3  freshly  pptd.  and 
filtering. 

The  forms  of  the  crystals  are,  as  shown  by  Reichert,  characteristic 
for  different  animals.    See  Figure  50. 

\  Experiment  i8o.  Spectra  of  various  compounds  of  hemoglobin. — 
Hemoglobin,  both  solid  and  when  in  a  solution,  has  a  purplish-red  color. 
Tftg  colors  of  the  various  compounds  of  hemoglobin  differ  somewhat 
fro^  each  other  and  from  hemoglobin.  Oxyhemoglobin  is  a  bright 
scarlet;  carbonyl-hemoglobin  is  more  of  a  cherry  red;  methemoglobin 
has  a  brownish-red  color ;  and  so  on.  The  difference  in  color  is  due  to 
the  fact  that  the  different  compounds  absorb  light  of  different  wave 
lengths  so  t-hat  the  light  which  comes  through  the  solution,  or  the 
crystals,  has  lost  vibrations  of  certain  wave  lengths  and  so  no  longer 
appears  white  but  colored.  Most  of  the  red  is  obviously  transmitted, 
but  some  of  the  green  or  blue  must  be  absorbed.  By  passing  the  light 
which  has  traversed  a  hemoglobin  solution  through  a  prism  which 
spreads  it  into  a  spectrum  it  is  easy  to  see  which  of  the  rays  have  been 
absorbed.  An  instrument  for  thus  determining  the  absorption  or  emis- 
sion spectra  is  called  a  spectroscope.  These  are  of  two  forms,  but  the 
one  of  a  very  convenient  ^form  for  such  work  is  a  direct  vision  spectro- 
scope provided  with  a  waVe-length  scale.  The  direct  vision  spectroscope 
of  Zeiss  is  a  convenient  form.  , 

The  direct  vision  spectrosS^.  The  instrument  consists  of  a  train 
of  crown  and  flint  glass  prisms\:Larranged  that  the  course  of  the  rays, 
though  scattered  to  form  a  spectrin,  is  not  bent,  but  passes  directly  to 
the  eye  in  line  with  the  object  looked  at.  At  one  end  is  the  eyepiece. 
At  the  other  end  is  a  small  slit  or  opening  which  can  be  narrowed  by 
the  use  of  a  screw.  At  the  side  of  the  main  tube  is  a  small  secondary 
tube  which  contains  the  wave  length  scale  which  by  means  of  a  mirror 
is  sent  into  the  eyepiece  so  that  the  wave-leiigth  scale  and  the  spectrum 
appear  to  lie  side  by  side.  In  using  the  instrument,  point  it  at  the 
source  of  sunlight,  with  the  small  tube  at  the  left.  Have  a  very  narrow 
slit  so  that  the  spectrum  is  barely  visible.  Noy  draw  out  the  tube 
gently  until  the  spectrum  appears  to  be  traversed  hj  a  vertical  direction 
with  very  fine,  dark  lines  (Prauenhofer  lines)  ;  adjust  the  slit  and  the 
focus  of  the  tubes  until  these  are  very  sharp.    One  very  plain  one  will 
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be  noticed  in  the  orange  just  to  the  left  of  the  yellow.  This  is  the  D  line 
of  the  spectrum  and  corresponds  to  the  main  line  of  sodium.  The  wave 
length  of  the  light  at  this  point  of  the  spectrum  is  0.59  jj.  ov  X  589.  By 
means  of  the  screw  adjust  the  wave-length  scale  so  that  the  line  of  the 
scale  0.59,  or  X  589,  comes  exactly  above  the  D  line  of  the  spectrum. 
The  wave  length  of  any  of  the  other  dark  lines  can  now  be  determined 
very  readily  by  reading  off  the  scale. 

The  sample  of  blood,  hemoglobin  or  other  substance  of  which  it  is 
desired  to  determine  the  absorption  spectrum,  is  placed  in  a  test-tube  or 
beaker,  or  better  in  a  small  flat-walled  glass,  and  this  is  placed  just  in 
front  of  the  slit  and  between  it  and  the  source  of  light.  A  bright  day- 
light is  good,  but  any  other  bright  white  light  may  be  used.  If  the 
solution  is  too  concentrated,  too  little  light  will  come  through,  most  of 
the  field  appearing  dark.  The  more  dilute  the  solution,  the  narrower 
will  the  absorption  bands  become.  With  a  proper  dilution  of  the 
oxyhemoglobin  a  broad  absorption  band  will  be  seen  in  the  violet 
and  two  narrow  absorption  bands  in  the  green  between  the  D  and  E 
lines  of  the  spectrum.  These  bands  are  blackest  in  their  centers 
and  shade  off  somewhat  toward  the  edges.  In  recording  your 
observations,  record  the  wave  length  read  from  the  scale  correspond- 
ing to  the  center  of  the  band,  and  the  wave  lengths  at  the  sides  of  each 
band. 

The  width  of  the  absorption  bands  will  vary  with  the  concentration 
of  the  solution  looked  through.  The  absorption  spectra  are  very  com- 
monly plotted,  therefore,  in  the  manner  indicated  in  Figure  51,  p.  505, 
the  absorption  being  indicated  by  the  shaded  portions,  the  wave  lengths 
being  marked  along  the  abscissa  and  the  concentration  of  the  solution 
along  the  ordinate.  The  solution  is  examined  in  a  layer  1  centimeter 
thick.  The  point  of  maximum  absorption  is  usually  given  by  the  tip 
of  the  plot. 

In  making  the  experiments  which  follow,  it  is  not  necessary  to  pre- 
pare the  hemoglobin  in  a  pure  form  first;  for  experiment  has  shown 
that  the  absorption  spectra  of  the  isolated  hemoglobin  and  the  hemo- 
globin of  laked  blood  are  the  same.  Make  some  laked  blood  by  adding 
a  little  blood  to  distilled  water  in  a  test-tube,  filtering  the  solutio^i  and 
then  examining  the  absorption  spectra  of  various  dilutions.  It  will  .be 
observed  that  if  the  solution  is  strong  enough  the  various  absorption 
bands  fuse  together,  giving  for  example  one  broad  absorption  band  for 
oxyhemoglobin. 

Experiment  i8i.  Spectrum  of  oxyhemoglobin. — Shake  the  laked 
blood  with  some  air  in  a  test-tube.  Examine  the  spectrum.  Make  a 
scale  in  your  note-books  and  plot  on  it  the  absorption  bands.  The  bands 
of  oxyhemoglobin  can  be  distinguished  in  a  solution  which  contains  one 
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part  of  oxyhemoglobin  to  10,000  of  water.  The  spectroscope  could  be 
used  for  the  estimation  of  the  amount  of  oxyhemoglobin  in  a 
solution.  A  0.3  per  cent,  solution  of  oxyhemoglobin  gives  a  good 
spectrum.  The  Hb  in  blood  is  14  per  cent.  From  this  complete  the 
dilution  necessary  to,  give  0.3  per  cent.  Map  the  absorption  bands. 
The  a  band  (the  one  toward  the  red  end)  has  its  center  at  A  578, 
that  of  the  ^  band  is  about  \  540.  By  holding  the  hand  in  the  sunlight 
and  examining  the  light  reflected  upward  from  the  palm  of  the  hand 
the  two  oxyhemoglobin  bands  may  be  seen.  The  one  toward  the  red  is 
strongest. 

Experiment  182.     Reduced  hemoglobin. — Take  5  c.c.  of  a  solution 
of  oxyhemoglobin  so  dilute  that  the  two  absorption  bands  are  fairly  far 
apart   and  not   fused   in   one.    Add  to   this   solution   two   drops   of 
ammonium-sulphide  solution  and  warm  very  gently,  not  over  55°.    Ob- 
serve if  there  is  any  darkening  of  the  tint  of  the  solution.    Now  without 
shaking  the  tube  examine  its  spectrum.    It  should  now  show  the  single 
broad  absorption  band  of  reduced  hemoglobin.     The  center  is  about 
\565.     Instead  of  ammonium  sulphide  as  a  reducing  agent,  Stokes' 
'^eagents^may  be  used.     It  is  a  freshly  prepared  solution  of  ferrous 
s^lphate\p  which  some  tartaric  acid  has  been  added  and  which  is  made 
slightly  alkaline  with  ammonium  hydrate  just  before  use.     Map  the 
spectrtma  of  ijftmoglobin.    Sodium  thiosulphate  solution  will  also  reduce 
blood.    It  is  tBte  most  convenient  to  use. 

btokes'  8olut?on  is  the  following:  3  grams  ferrous  sulphate  dis- 
solved m  cold  -wster;  add  a  cold  aqueous  solution  of  tartaric  acid, 
2  grams,  and  makk  up  to  100  c.c.  with  water.  Just  before  using 
add  enough  strong  ainkionium  hydrate  just  to  redissolve  the  precipitate 
which  IS  first  formed,  ^n  rapidly  oxidizes  itself,  so  must  be  freshly 
prepared.  Its  advantage  is  that  it  reduces  the  oxyhemoglobin  without 
warming. 

Experiment  183.  Carbonylhemoglobin.— This  is  the  union  of 
hemoglobin  with  carbon  monoxide  in  place  of  the  oxygen.  Its  spectrum 
IS  like  that  of  oxyhemoglobin,  but  the  two  bands  are  shifted  slightly 
toward  the  violet  end  of  the  spectrum.  Prepare  a  solution  of  carbonyl- 
hemoglobin by  passing  a  little  illuminating  gas  through  a  solution  of 
laked  blood  under  the  hood.  Notice  the  change  in  tint  of  the  blood.  It 
has  a  bluish  tint.  Dilute  if  necessary  aud  examine  the  spectrum.  The 
middle  of  a  is  at  572  and  of  /?  at  535. 

Experiment  184.— Carbonylhemoglobin  is  not  reduced  by  ammonium 
sulphide.  To  show  this  repeat  experiment  182,  using  the  carbonyl- 
hemoglobin in  place  of  the  solution  of  oxyhemoglobin.  See  that  the 
spectrum  remains  unchanged  after  warming  with  (NH  )  S. 

Experiment  185.—  Another  very  convenient  way  of  distinguishing 
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carbonyl-  and  oxyhemoglobin  is  to  take  two  solutions  of  oxyhemoglobin 
and  earbonylhemoglobin  of  about  the  same  tint  and  dilute  equally  with 
water.  It  will  be  seen  that  the  solution  of  oxyhemoglobin  becomes 
yellowish,  while  that  of  earbonylhemoglobin  acquires  a  carmine  tint. 
Try  this. 

Experiment  i86. — Another  test  for  earbonylhemoglobin  in  the  blood 
is  Katyama's.  Add  5  drops  of  blood  to  10  e.c.  of  water.  Then  add  5 
drops  of  orange-colored  ammonium  sulphide.  Mix  and  make  faintly 
acid  with  strong  acetic  acid.  Blood  containing  CO  develops  a  rose-red 
color ;  normal  blood,  a  dirty  greenish-gray.  The  difference  is  perceptible 
with  one  part  of  CO  blood  to  5  of  normal  blood. 

Experiment  187.  Methemoglobin. — This  is  a  union  of  oxygen  and 
hemoglobin,  but  the  union  is  firmer  than  oxyhemoglobin.  The  gas  cannot 
be  pumped  out.  Oxyhemoglobin  passes  with  great  ease  into  methe- 
moglobin if  made  slightly  acid,  or  alkaline,  or  in  the  presence  of  various 
oxidizing  agents  such  as  ferricyanide,  chlorates,  etc.  It  is  formed  in  the 
blood  in  nitrite  and  chlorate  poisoning  and  by  a  great  variety  of  other 
poisons  such  as  acetanilide. 

The  exact  difference  in  composition  between  oxy-  and  methemoglobin 
is  unknown,  but  probably  oxyhemoglobin  is  a  union  of  a  molecular 
nature,  the  union  involving  the  residual  valences  of  the  oxygen.  The 
difference  may  be  schematically  represented  as  follows : 
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H1j  =  0— 0 

Hb=0  =  0 

5           Hb     1         . 

Hb 

Oxyhemoglobin  if 

Oxyhemoglobin  if 
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WO 

oxygen  is  univalent. 

oxygen  is  bivalent. 

Oxyhemoglobin. 

Methemoglobin. 

Probably  none  of  these  representations  is  correct,  for  the  oxidation 
involves  water,  and  probably  the  first  union  is  a  union  between  water, 
oxygen  and  hemoglobin. 

Experiment  188. — To  a  few  c.c.  of  water  add  three  or  four  drops  of 
blood.  Mix.  This  lakes  the  blood.  Now  add  two  drops  of  a  saturated 
solution  of  potassium  ferricyanide.  The  blood  color  changes  to  a  choco- 
late brown.  Examine  the  solution  spectroscopically.  Methemoglobin 
has  an  absorption  band  in  the  red,  A  630.  There  is  marked  absorption 
of  the  blue  end. 

-Experiment  189. — It  is  possible  by  reducing  agents  to  restore  the 
oxyhemoglobin  and  then  to  produce  reduced  hemoglobin.  To  show  this 
take  5  e.c.  of  the  methemoglobin  solution  just  prepared  and  add  to  it 
a  few  drops  of  ammonium  sulphide.  It  will  be  seen  that  the  color 
changes  to  a  red.  Examine  by  the  spectroscope  and  see  that  the  red 
absorption  band  of  methemoglobin  disappears  and  the  bands  of  oxy- 
hemoglobin appear.    On  wanning  gently  the  bands  of  oxyhemoglobin 
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disappear  and  reduced  hemoglobin  appears.  Now  shake  strongly  with 
some  air.  The  bands  of  oxyhemoglobin  reappear.  It  is  probable  that 
small  amounts  of  methemoglobin  appear  at  times  in  normal  blood.  This 
experiment  is  particularly  instructive,  as  it  shows  that  in  the  act  of 
oxidation  of  substances  several  intermediate  stages  occur.  Always  a 
molecular  union  is  made  first. 

Another  very  singular  fact  is  that  the  addition  of  potassium  ferricy- 
anide  to  blood  causes  the  liberation  of  an  amount  of  oxygen  equal  to  the 
oxygen  combined  as  oxyhemoglobin  in  the  blood.  This  fact  is  the  basis 
of  the  method  generally  used  at  present  for  the  estimation  of  the  oxygen 
in  blood.    No  air-pump  is  needed. 

Haldane  has  given  the  following  provisional  equation  to  represent 
what  happens,  but  it  is  not  satisfactory : 

HbO^  +  4NajFeCyg  +  4NaHC0j  =  HbO^  +  4Na^i'eCyg  +  400^  +  2H^0  +  O^ 

Perhaps  a  molecular  union  of  HbOj  and  ferricyanide  occurs  first  and 
then  this  is  rearranged,  oxyhemoglobin  being  changed  to  methemoglobin, 
the  ferricyanide  reduced  and  and  oxygen  set  free. 

Experiment  190. — Take  3  c.c.  of  defibrinated  blood,  lake  by  diluting 
with  3  c.c.  water  and  warming  gently.  Then  add  6  c.c.  of  saturated 
potassium  ferricyanide  solution,  mix  by  inverting  and  observe  the  libera- 
tion of  bubbles  of  gas.    O2. 


Decomposition  Products  of  Hemoglobin. 

The  relation  of  the  various  decomposition  products  of  hemoglobin 
may  be  seen  in  the  following  scheme  of  Halliburton  and  Rosenheim : 


Oxyhemoglobin 

I 

By  reducing  agents 


Hemoglobin 


Hematin 


By  reducing  agents 


Reduced  hematin 
( hemochromogen ) 


By  strong 
acids 


^  Hematoporphyr  in 
(acid) 


Hematoporphyrin 
(acid) 


Experiment  191.  Hemin  crystals  (Teichman's  crystals). — ^Prick 
the  finger.  Collect  a  drop  of  blood  on  a  microscope  slide.  Dry.  Put 
on  a  drop  of  glacial  acetic  acid,  cover  with  a  cover  glass  and  boil.  Ex- 
amine for  crystals  of  hemin.  Dark-brown  plates  and  prisms.  See 
figure  80.  In  examining  old  blood  stains  by  this  method  it  is  necessary 
to  add  a  minute- crystal  of  salt.  There  is  salt  enough  in  fresh  blood. 
These  crystals  are  acetylated  hematin  chloride.     The  hydroxyl  of  the 
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hematin  is  replaced  by  chlorine  and  one  acetyl  group  enters  from  the 
acetic  acid.    Hematin  is  C34Hs2N404Fe. 


Fig.  80. 
Fig.  80. — Hemiu  crystals. 

Experiment  192.  Reduced  hematin  (hemochromogen). — A  solu- 
tion of  oxyhemoglobin  made  alkaline  with  NaOH  forms  alkaline  hematin 
(band  from  D  to  ^  530).  Reduce  this  by  adding  a  few  drops  of 
(NH4)2S.  This  forms  the  red  hemochromogen.  Bands  in  the  green, 
a  at  A.  558 ;  /9  at  520. 

Experiment  193.  Acid  hfematin.-^Hematin  split  off  from  oxy- 
hemoglobin by  the  action  of  acids  is  soluble  in  ether.  Heat  a  few  e.c.  of 
defibrinated  blood  with  a  drop  of  strong  HCl  and  a  few  e.c.  of  acetic 
acid.  Cool  and  extract  with  5  e.c.  of  ether.  Examine  the  spectrum  of 
acid  hematin  in  ether.    Red,  A,  638.    On  dilution  other  bands  appear. 

Experiment  194.  Hematoporphyrin. — This  is  iron-free  hematin.  It 
is  prepared  by  the  action  of  strong  acids  or  alkalies  on  hemoglobin. 

Acid  hematoporphyrin. — The  strong  acid  at  first  splits  off  hematin 
from  the  globin  and  then  this  hematin  loses  its  iron  and  is  converted  to 
hematoporphyrin.  As  reduced  hemoglobin  is  far  less  stable  than  oxy- 
hemoglobin, the  iron  is  split  off  easiest  from  the  reduced  hemoglobin. 
Add  a  couple  of  drops  of  putrefying  blood  (the  putrefaction  reduces 
the  hemoglobin)  to  a  few  e.c.  of  concentrated  sulphuric  acid  and  mix 
by  gently  shaking.    The  solution  has  a  purple  color.    Examine  spectro- 
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scopically.    Center  of  absorption  bands:  «■  at  ^   600  relatively  fainter, 
and  /J  at  A.  554. 

Experiment  195.  Alkaline  hematoporphyrin; — ^Make  a  somewhat 
stronger  solution  of  acid  hematoporphyrin  than  the  preceding,  but  in 
the  same  way,  and  pour  it  into  50  c.c.  of  water  in  a  beaker.  Stir  well. 
Collect  the  precipitate  which  rises  to  the  surface  on  a  rod,  transfer  to  a 
test-tube,  add  a  few  c.c.  of  alcohol  and  boil.  Make  alkaline  with  a  few 
c.c.  of  NaOH.  Examine  the  spectrum  of  alkaline  hematoporphyrin  thus 
obtained.    4  absorption  bands :  A.  622,  y  576,  X  539,  and  A,  504. 

Exercise  XXXIX.    Coagulation  of  the  blood. 

Clotting  of  the  blood  depends  on  the  interaction  of  four  elements: 
Fibrinogen,  calcium  salts,  prothrombin  and  tissue  fibrinogen  or  thrombo- 
kinase.  The  fibrinogen,  calcium  and  prothrombin  are  in  the  blood;  the 
other  element,  tissue  fibrinogen,  is  in  the  tissues. 

For  these  experiments  one  can  use  ox  or  horse's  blood  rendered  non- 
coagulable  by  receiving  it  into  a  saturated  solution  of  sodium  or  potas- 
sium fluoride  or  mixing  it  as  it  is  shed  with  an  amount  of  powdered 
sodium  oxalate  equal  to  .01  to  .02  gram  for  each  10  c.c.  of  blood. 

Experiment  196.  Fibrinogen. — Centrifugalize  20-30  c.c.  of  oxalate 
or  fluoride  plasma.  Note  the  relative  volume,  approximately,  of  plasma 
and  corpuscles.  The  plasma  should  be  a  light-yellow  color  and  clear. 
Pipette  it  off  from  the  corpuscles  very  carefully  without  getting  an 
admixture  of  corpuscles.  This  is  best  done  by  connecting  a  test-tube 
with  the  suction  water  pump  by  a  tube  (a)  which  reaches  just  through 
the  cork.  Another. tube  (b)  goes  through  the  cork,  but  ends  nearer  the 
bottom.  The  other  end  of  the  tube  (b)  is  attached  to  a  flexible  piece  of 
rubber  tubing.  The  pump  is  started  going  and  one  end  of  this  rubber 
tubing  is  introduced  into  the  plasma  just  below  the  surface  of  the 
plasma.  The  plasma  is  sucked  over  into  the  the  second  tube.  As  it  is 
drawn  over  follow  it  down  with  the  end  of  the  rubber  until  no  more 
can  be  taken  off  without  mixing  with  corpuscles. 

Experiment  197. — Take  5  c.c.  of  the  plasma  in  a  test-tube  and  add 
an  equal  volume  of  saturated  NaCl  solution.  Fibrinogen  will  be  pre- 
cipitated. 

Experiment  198. — Take  another  3  c.c.  in  a  test-tube  and  immerse  in 
a  beaker  partly  filled  with  water.  Heat  slowly  with  a  thermometer  in 
the  fibrinogen  solution.  The  tube  must  not  touch  the  bottom  of  the 
beaker.  Note  the  temperature  of  coagulation.  About  56°-58°;  and  a 
more  copious  at  75°-80°.    Fibrinogen  coagulates  at  56°. 

Experiment  199. — To  another  5  c.c.  of  the  plasma  add  sufficient 
CaClj  to  precipitate  all  the  oxalate  and  leave  a  very  small  excess  of 
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calcium  salt  in  the  solution.  The  solution  will  usually  clot  on  standing. 
If  not,  add  to  it  some  serum  or  a  few  c.e.  of  0.9  per  cent.  NaCl  solution 
which  has  been  rubbed  in  a  mortar  with  the  fresh  fibrin  of  defibrinated 
blood.  Allow  to  stand  and  observe  clotting.  By  extracting  the  fibrin  a 
solution  of  thrombin  is  obtained. 

The  power  of  fibrinogen  solutions  to  clot  on  the  addition  of  thrombin 
is  the  real  test  for  this  substance. 

Experiment  200. — Clotting  is  also  prevented  by  receiving  the  blood 
at  once  in  strong  solutions  of  magnesium  sulphate.  A  saturated  solution 
of  magnesium  sulphate  is  placed  in  a  bottle,  or  jar,  and  blood  run  in 
directly  from  the  veins,  mixing  well  as  it  flows,  until  the  combined 
volume  of  blood  and  sulphate  solution  is  about  five  times  that  of  the 
sulphate  solution  alone.  The  blood  is  then  centrifugalized  to  remove  the 
corpuscles  and  the  plasma  drawn  off  and  kept  in  a  cool  place.  It  is 
salt  plasma.    It  may  be  used  in  place  of  the  oxalate  or  fluoride  plasma. 

Experiment  201. — ^Dilute  some  of  the  salt  plasma  by  adding  about  4 
times  its  volume  of  distilled  water.  Divide  into  two  portions  in  two 
test-tubes.  To  A  add  nothing ;  to  B  add  some  of  the  fibrin  ferment  solu- 
tion. Place  both  in  the  bath  at  38°  C.  Observe  that  both  clot,  but  that 
B  clots  the  sooner. 

Experiment  202.  The  tissue  element  in  clotting. — ^In  order  that 
the  blood  may  clot  as  soon  as  shed  on  rupture  of  the  blood  vessels,  but 
will  not  clot  while  in  the  blood  vessels,  one  element  of  the  clotting  has 
been  put  in  the  tissues  and  the  others  in  the  blood.  The  tissue  element 
was  named  ' '  tissue  fibrinogen  ' '  by  its  discoverer,  Wooldridge,  and  that 
is  the  name  adopted  here.  It  has  also  been  called  coagulin,  thrombo- 
plastic  substance,  thrombokinase,  cytozyme,  and  by  others  it  has  been 
supposed  to  be  cephalin,  a  phospholipin.  The  name  "  tissue  fibrinogen  " 
is  best  chosen,  in  the  author's  opinion,  for  the  reasons  that  it  resembles 
blood  fibrinogen  in  all  its  main  characteristics  except  that  it  will  not 
clot.  Its  coagulation  temperature  is  the  same,  i.e.,  56°;  it  is  precipi- 
tated by  half  saturation  with  NaCl,  or  by  weak  acid,  or  CO2,  like  blood 
fibrinogen;  like  blood  fibrinogen  also  it  is  composed  of  a  union  of  a 
phospholipin  and  protein.  It  is  present  in  the  greatest  amounts  in  those 
tissues  and  organs  in  which  hemorrhage  is  most  to  be  feared,  i.e.,  lungs, 
brain,  kidneys.  Muscles  have  much  less.  Probably  injured  blood  vessel 
wall  will  be  found  to  have  much  of  it.  The  addition  of  this  substance 
to  blood,  instantly  clots  it  either  within  or  without  the  body.  It  is  the 
most  powerful  of  styptics.  To  show  its  presence  grind  a  small  amount 
of  lungs  or  brain  of  any  mammal  with  1  per  cent.  NaCl.  Strain  through 
cheese  cloth,  or  filter  through  coarse  paper.  Take  two  test-tubes,  each 
containing  3  e.c.  of  oxalate  plasma.  Add  to  each  sufiicient  CaCla  solu- 
tion to  precipitate  the  oxalate,  about  1-3  drops  1  per  cent.  CaCl,  per  c.c. 
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of  blood;  to  one  tube  add  in  addition  1  drop  of  the  tissue  fibrinogen 
solution  just  prepared.  This  tube  will  clot  promptly;  the  other  after 
some  delay. 

Exercise  XL.    The  quantitative  chemical  analysis  op  the  blood. 

The  determination  of  the  simpler  substances,  the  extractives  and 
sugar  of  the  blood  plasma,  has  recently  become  of  great  value  in  giving 
a  measure  of  the  condition  of  the  kidneys  and  the  condition  of  the 
carbohydrate  metabolism.  Methods  have  now  been  worked  out  so  simple, 
exact  and  expeditious  and  requiring  so  little  blood  that  the  blood  ex- 
amination is  becoming  more  and  more  a  routine  diagnostic  procedure. 
It  is  not  possible  in  any  other  way  to  secure  accurate  information  as  to 
the  state  of  the  kidney.  Especially  in  cases  of  nephritis  the  determina- 
tion of  the  total  non-protein  nitrogen  gives  exact  information  as  to  the 
condition  of  the  patient  as  regards  the  approach  of  uremia.  Similarly 
unexpected  shortcomings  in  the  carbohydrate  metabolism  are.  often  re- 
vealed by  a  determination  of  the  blood  sugar,  since  if  the  kidney  is  not 
functioning  normally  there  may  be  an  accumulation  of  sugar  in  the 
blood  without  any  indication  of  sugar  in  the  urine.  The  determination 
of  the  non-protein  nitrogen  in  the  blood  is  often  of  value  also  in  dif- 
ferentiating between  different  comas.  A  coma  of  unknown  origin  may 
be  of  traumatic  origin,  of  a  diabetic  or  uremic  or  some  other  toxic  type, 
or  due  to  some  vascular  change  in  the  brain,  such  as  clot,  pressure,  etc. 
The  examination  of  the  blood  extractives  will  often  give  aid  in  dif- 
ferentiating between  various  comas.  The  analysis  is  now  easily  made 
and  requires  but  5  c.c.  or  so  of  blood  and  only  a  few  hours  for  a 
determination  of  all  the  more  important  constituents.  The  method  is 
also  applicable  to  other  fluids  such  as  spinal  liquid,  exudates,  etc.,  and 
its  application  has  thrown  much  light  on  the  physiology  of  the  blood. 
There  are  three  main  systems  of  blood  analysis  in  general  use,  that  of 
Greenwald,  based  on  the  Lewis-Benedict  method,  the  Lewis-Benedict 
and  the  Folin-Wu.  In  all  these  systems  the  first  procedure  is  to  obtain 
a  filtrate  which  is  completely  free  from  protein.  Lewis-Benedict  does 
this  by  the  addition  of  picric  acid  to  the  blood ;  Greenwald  uses  trichlor 
acetic  acid  and  Folin  uses  tungstic  acid.  Either  of  these  procedures 
is  good.  They  each  have  special  points  of  advantage.  The  Folin-Wu  is 
perhaps  the  more  reliable  and  simpler  and  takes  less  blood.  It  relies, 
however,  altogether  on  colorimetric  methods,  and  the  Nessler  reagent  in 
inexperienced  hands  is  very  troublesome. 

Of  the  various  constituents  uric  acid  is  earliest  affected  by  an  im- 
pairment of  kidney  function  and  may  be  abnormally  high  while  the  other 
constituents  are  normal;  urea  is  the  next  substance  affected  and  ere- 
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atinine  is  the  last  of  the  substances  to  accumulate.  However,  since  both 
urea  and  uric  acid  are  greatly  dependent  on  the  diet,  whereas  creatinine 
is  not  affected  by  diet  but  is  of  endogenous  origin,  it  is  often  found  that 
a  small  urea  and  low  total  non-protein  nitrogen  are  associated  with  high 
creatinine.  For  this  reason  the  creatinine  offers  a  particularly  valuable 
index  of  the  extent  of  kidney  impairment  of  function  since  it  will  not 
accumulate  until  the  kidney  has  been  impaired  for  a  long  time.  Ac- 
cording to  Myers  and  Killian  an  amount  of  creatinine  more  than  5  mgs. 
in  100  c.e.  blood  represents  a  very  serious  impairment  of  kidney  function 
with  the  probability  of  a  fatal  termination  within  a  few  months.  The 
prognosis  becomes  worse  the  higher  the  creatinine  is  above  this  figure. 
In  general  high  creatinine  and  failure  of  excretion  of  sulphonephthalein 
are  corroborative  of  each  other. 

Experiment  203.     System  of  blood  analysis  (Folin  and  Wu:  Jour. 
Biol.  Chem.,  38,  p.  90, 1919 ;  ibid.,  41,  p.  367,  1920) . 


Normal  human  blood                  Abnormal  blood 
mgs.  in  100  c.c. 

Total  non-protein  N   

26-43 
10-22 
1.0-4.2 
1.2-2.5 
53.-6.7 
77-119 

50-275 

Urea  N   

30-235 

Uric  acid.    .                 

5-14.3 

Creatinine 

3-13 

Creatine  and  creatinine   

Dextrose    

7-27.2 
157-400 

(The  foregoing  figures  for  abnormal  bloods  have  been  taken  from  cases  reported 
by  different  investigators.  The  amounts  may  no  doubt  be  even  larger  than  those 
here  reported.) 

For  total  non-protein  N;  urea;  creatinine;  creatine;  uric  acid;  and 
sugar  5  c.c.  of  blood  required. 

Method  of  ohtaming  a  sample  of  hlood.  A  dry  test-tube  or  small 
flask  capable  of  holding  20  c.c.  and  provided  with  a  tightly  fitting  cork 
is  prepared  to  receive  the  blood.  Into  this  test-tube  is  placed  20  mgs. 
of  finely  powdered  potassium  or  sodium  oxalate.  This  is  to  precipitate 
the  calcium  and  prevent  the  blood  from  clotting.  This  is  enough  oxalate 
for  10  c.c.  of  blood.  The  blood  is  drawn  into  a  sterile  syringe  through 
a  needle  inserted  into  the  vein  at  the  elbow.  About  7  to  10  c.c.  should 
be  drawn.  It  is  usually  best  to  moisten  the  inside  of  the  barrel  of  the 
syringe  with  two  or  three  drops  of  a  20  per  cent,  potassium  oxalate 
solution.  The  blood  is  drawn  and  discharged  as  quickly  as  possible  into 
the  test-tube  containing  the  oxalate  and  the  oxalate  is  mixed  with  the 
blotod  by  inverting  the  tube  once  or  twice.  Coagulation  is  thus  pre- 
vented.- : 
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The  protein  free  filtrate.  To  get  rid  of  the  corpuscles  and  the  pro- 
teins proceed  as  follows:  Measure  accurately  with  a  5  c.c.  volumetric 
Ostwald  pipette,  5  c.c.  of  the  oxalated  blood  into  a  100  c.c.  flask.  Empty 
the  pipette  by  blowing  it  gently  into  the  flask.  Measure  with  a  burette 
or  another  pipette  into  the  flask  35  c.c.  of  distilled  water  and  mix  well 


'Riramn  Oil — g 

folasslam  Oxalate 

Fro.  81. 

Fio.  81. — Needle  arranged  for  drawing  blood.     (Van  Slyke  and  CuUen.) 
For  determination  of  alkali   reserve  see  p.    1043. 

with  the  blood.  This  lakes  the  blood  and  causes  the  discharge  from 
the  corpuscles  of  amino-aeids,  sugars,  salts,  urea  and  other  constituents. 
With  another  5  c.c.  volumetric  pipette  measure  accurately  into  the  flask 
5  c.c.  of  a  10  per  cent,  solution  of  sodium  tungstate  (Na2"W0i2H20) 
and  mix.  With  another  pipette  add  5  c.c.  of  two-thirds  normal  sulfuric 
acid,  shaking  the  flask  gently  while  adding  the  acid.  Close  the  mouth 
of  the  flask  with  a  rubber  stopper  and  give  a  few  vigorous  shakes. 
Proper  coagulation  of  the  blood  by.  the  tungstic  acid  is  shown  by  no 
air  bubbles,  or  only  one  or  two,  forming  on  shaking,  and  also  by  a 
gradual  change  in  the  color  of  the  precipitate  from  a  red  to  a  brown. 
If  the  latter  change  does  not  occur,  sufficient  acid  has  not  been  added, 
and  in  that  case  add  while  shaking  vigorously,  and  drop  by  drop  (at 
the  most  not  more  than  2  drops  should  be  required) ,  2NH2SO4  solution, 
allowing  to  stand  a  few  minutes  between  each  addition  of  a  drop  and 
before  adding  more,  until  the  coagulation  is  complete  and  the  color  is 
brown.     The  amount  of  acid  added  is  just  sufficient  to  set  free  the 
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tungstic  acid  from  the  sodium  but  an  excess  must  be  avoided.  The 
filtrate  should  be  not  more  than  neutral  or  barely  acid  to  eongo  red. 
The  blood  has  now  been  diluted  from  5  c.e.  to  50  c.c,  that  is,  10  times. 
If  a  larger  amount  of  filtrate  is  desired,  more  blood  may  be  taken  than 
5  c.c,  and  all  the  other  solutions  increased  in  proportion,  so  that  the 
final  dilution  is  to  10  times  that  of  the  blood  taken.  5  c.c.  of  blood 
should  give  enough  filtrate  for  all  the  determinations. 

Prepare  a  funnel  with  a  dry,  folded  filter  paper  large  enough  to 
take  the  whole  volume  of  the  50  c.c.  at  once,  a  paper  12  cms.  in  diameter 


FlO.  82. 
Fig.  82. — Dnboseg  colorimeter. 

is  large  enough.  Do  not  wet  the  filter  paper  with  water,  but  moisten 
it  with  a  few  drops  of  the  clearer  supernatant  liquid  in  the  flask, 
allowing  it  to  wet  the  whole  paper  by  capillarity  before  pouring  the 
rest  of  the  liquid  on.  In  this  way  the  first  drops  will  be  ciear.  If  the 
first  filtrate  is  not  clear,  pour  it  back  on  the  filter  until  a  clear  filtrate 
is  obtained.  Collect  the  clear  filtrate  in  a  small,  clean,  dry  flask.  This 
gives  the  protein  free  filtrate  for  the  determinations  which  follow. 

Testing  the  acidity  of  the  flltraie.    It  is  necessary  in  the  determina- 
tion which  follows  that  the  filtrate  shall  be  nearly  neutral.    Test  a  drop 
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of  the  filtrate  with  eongo  red  paper.  It  should  be  neutral  or  barely  acid. 
10  c.c.  of  the  filtrate  should  require  about  0.2  c.c.  of  O.IN  NaOH  to  neu- 
tralize, using  phenolphthalein  as  indicator.  If  the  filtrate  is  to  be  kept 
any  time  before  using,  a  couple  of  drops  of  toluene  or  xylene  should  be 
added  and  the  flask  stoppered,  to  preserve  it  from  putrefaction. 

Non-protein  nitrogen.  The  total  non-protein  nitrogen  is  determined 
by  setting  free  the  nitrogen  as  ammonia  by  the  Kjeldahl  process, 
Nesslerizing  the  ammonia  thus  set  free  and  comparing  the  color  with 
that  of  a  standard  ammonium  sulphate  solution. 

Solutions  required: 

1.  Standard  ammonimn  sulphate  solution.  Recrystallize  twice  a 
goodgradeof  (NHJaSO^.  Dry  the  crystals  at  100°.  Weigh  off  0.4715 
gr.,  dissolve  in  distilled  water  and  make  to  1  liter.  This  solution  con- 
tains 1  mg.  of  N  in  10  c.c.  3  c.c.  are  required  for  each  determination. 
(See  also  page  1084.) 

2.  Sodium  tungstate  (Na2W04,  2H2O)  solution  10  per  cent.  5  c.c. 
at  each  determination. 

3.  2/3  N  H^SO^.     (5  c.c.  each  determination.) 

4.  NorSNH^SO^. 

5.  Sulphuric-phosphoric  acid  mixture.  For  hydrolyzing  and  oxi- 
dizing in  the  Kjeldahl  method.  Mix  300  c.c.  85  per  cent.  H3PO4  (sp.  gr. 
1.71)  and  100  c.c.  concentrated  HjSO^.  Let  stand  to  sediment  any 
CaSO^.  To  100  c.c.  of  clear  upper  layer  add  10  c.c.  6  per  cent.  CuSO^ 
and  100  c.c.  water. 

6.  Nessler  sohition. 

(a)  Mercuric  potassium  iodide. 

Make  a  solution  of  NaOH  completely  saturated  at  room  temperature. 
This  can  be  done  by  dissolving  about  120  grams  NaOH  (good  grade) 
in  100  c.c.  water.  It  is  better  to  make  about  10  or  20  times  this  amount 
and  keep  as  a  stock  solution.  Dissolve  2,400  grams  NaOH  in  a  beaker 
in  2  liters  of  water.  Transfer  all  to  a  large  bottle  provided  with  a 
rubber  stopper  with  2  holes.  Shake  and  allow  to  stand.  Through  one 
hole  goes  a  glass  tube  which  reaches  to  near  the  bottom,  bends  at  a 
right  angle  above  the  cork,  and  then  after  about  1  foot  bends  again  at 
right  angles,  the  downward  part  being  about  2  inches  long.  This  is  the 
delivery  tube.  The  other  hole  has  in  it  a  glass  tube  reaching  just 
through  the  stopper  and  bent  at  right  angles.  This  tube  connects  by 
rubber  tubing  with  the  compressed  air,  but  between  the  bottle  and  the 
air  is  inserted  a  T  tube.  One  arm  of  the  T  has  attached  a  piece  of 
rubber  tubing  ending  in  a  soda  lime  tube.  By  holding  the  thumb  over 
the  end  of  the  soda  lime  tube  and  turning  on  the  air,  NaOH  is  driven 
out  of  the  bottle.  (A  bicycle  pump  will  do  if  compressed  air  is  not 
available.)    The  solution  is  allowed  to  stand  at  room  temperature.    The 
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excess  of  NaOH  and  any  NaaCOg  crystallizes  out.  The  upper  layers 
become  clear  in  a  day  or  two.  Use  this  laiyer.  This  solution,  when 
properly  made,  is  at  15  degree  approximately  50  per  cent.  NaOH  and 
has  a  sp.  gr.  of  1.53.  It  is  very  important  that  this  solution  be  in  reality 
a  saturated  solution  of  sodium  hydrate  free  from  carbonate.  Take  800 
grams  of  the  clear  supernatant  liquid  (delivered  by  closing  the  one 
tube  while  turning  on  the  compressed  air),  add  it  to  3,200  c.c.  of  dis- 
tilled water.  This  will  give  approximately  a  10  per  cent,  solution.  It 
is  best  to  take  the  sp.  gr.  of  this  solution  (1.116)  or  to  titrate  it  to  make 
sure  that  it  is  10  per  cent.  Take  of  this  solution  3,500  c.c.  in  a  large 
bottle.  Add  to  it  slowly  while  stirring  750  c.c.  of  the  mercuric 
potassium  iodide  solution  described  below  and  750  c.c.  distilled  water, 


FlQ.  83. 
Fig.  83. — Bock-Benedict  colorimeter. 


making  in  all  5  liters.  This  Nessler  solution  contains  enough  alkali 
in  15  c.c.  to  neutralize  1  c.c.  of  the  sulphuric-phosphoric  acid  mixture 
and  to  give  a  suitable  alkalinity  for  color  by  ammonia  at  a  volume  of 
50  c.c.  To  make  sure  that  this  is  ao,  measure  out  accurately  with  a 
burette  2  c.c.  of  the  acid  mixture,  add  3  c.c.  of  the  standard  ammonia 
solution,  add  55  c.c.  water  and  then  30  c.c.  of  the  Nessler,  diluting  then 
to  100  c.c,  and  see  if  a  clear  deep  yellow  turning  to  yellowish-brown 
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solution  is  obtained.  If  it  is  not  obtained  it  means  that  the  solution  has 
not  sufficient  alkali  or  has  carbonate  in  it.  It  is  important  that  these 
directions  be  accurately  followed  and  that  alkali  free  from  carbonate 
be  used,  as  otherwise  a  deep  brown-red  turbid  solution  is  obtained, 
which  is  unfit  for  Nesslerization.  In  other  Nesslerizations,  where  there 
is  no  acid  to  be  neutralized,  10  c.e.  of  the  Nessler  reagent  per  100  c.c.  of 
Nesslerized  ammonia  is  correct. 

Mercuric  potassium  iodide.  Into  a  500  c.c.  Florence  flask  measure 
150  gms.  KI  and  110  gms.  1^,  add  100  c.c.  water  and  150  gms.  of 
metallic  Hg  and  shake  vigorously  for  about  10  minutes  until  the  dis- 
solved Ij  has  nearly  disappeared.  The  solution  heats.  When  the  red 
solution  begins  to  pale,  but  is  still  red,  cool  in  running  water  and  con- 
tinue shaking  until  the  red  has  disappeared  and  been  replaced  by  the 
greenish  color  of  the  double  iodide.  The  whole  time  is  about  15  minutes. 
Decant  from  the  mercury  into  a  2  liter  volumetric  flask;  wash  the  mer- 
cury repeatedly  with  distilled  water  and  add  the  washings  to  the  flask 
and  dilute  finally  with  ammonia-free  distilled  water  to  the  2  liter  mark. 
If  the  cooling  has  been  begun  in  time  the  resulting  solution  is  clear 
enough  for  immediate  dilution  with  the  10  per  cent,  alkali,  as  described 
above,  and  can  be  used  at  once  for  Nesslerization. 

Ammonia-free  water.  Acidify  distilled  water  with  H,S04  and 
redistill. 

Special  apparatus  required. 

1.  Duboscq  or  other  colorimeter. 

2.  One  100  c.c.  volumetric  flask.    One  50  c.c.  volumetric  flask. 

3.  Large  Pyrex  glass  test-tube,  200  mm.  x  22  mm.,  holding  75  c.c. 

4.  Quartz  pebbles. 

5.  Ostwald  pipettes,  3  c.c.  and  three  5  c.c. 

Method.  With  a  5  c.c.  Ostwald  pipette  measure  accurately  5  c.c.  of 
the  protein  free  blood  filtrate  into  a  75  c.c.  hard  glass  dry  test-tube 
(Pyrex  glass,  200  mm.  x  22  mm.)  which  has  been  graduated  by  marking 
it  at  35  c.c.  and  at  50  c.c.  To  prevent  bumping  this  tube  and  the  pebbles 
must  be  washed  with  HNO3  and  carefully  dried.  Add  1  c.c.  of  the 
phosphoric  sulphuric  acid  mixture  described  above,  then  2  or  3  small  dry 
quartz  pebbles  to  prevent  bumping,  support  the  tube  by  clamping  to  a 
lamp  stand  in  a  vertical  position,  and  boil  vigorously  over  a  micro- 
burner  until  dense  white  fumes  begin  to  fill  the  tube,  3  or  7  minutes; 
then  cut  down  the  flame,  so  that  the  contents  just  boil,  and  continue 
boiling  gently  for  2  minutes  from  the  time  that  the  fumes  appear.  As 
soon  as  the  fumes  appear  cover  the  mouth  of  the  tube  with  a  clean  dry 
watch  glass.  The  tube  contents  may  become  colorless  in  a  few  seconds 
but  the  heating  must  be  continued  for  two  minutes,  nevertheless.  If 
the  solution  is  not  pearly  colorless  at  the  end  of  2  minutes  it  must  be 
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heated  until  it  is.  Allow  to  cool  for  at  least  70  to  90  seconds  (longer  is 
better)  and  then  add  15  to  25  c.c.  of  distilled  water  free  from  ammonia. 
(The  water  should  be  distilled  from  over  sulphuric  acid.)  Cool  again 
to  room  temperature  and  then  fill  to  the  35  c.c.  mark  with  water.  Now 
add  15  c.c.  of  the  Nessler  solution  described  above,  using  a  pipette,  close 
the  tube  with  a  clean  rubber  stopper  and  invert  the  tube  to  mix.  The 
solution  becomes  a  deep  yellowish  color.  If  it  is  turbid,  centrifuge  a 
portion  of  it  before  placing  it  in  the  colorimeter  for  comparison  with 
the  standard. 

Preparation  of  the  standard.  The  preparation  of  the  standard  solu- 
tion of  ammonium  sulphate  is  described  on  page  1010.  This  standard 
contains  1  mg.  of  N  in  10  c.c.  With  a  3  c.c.  pipette  measure  3  c.c.  of 
the  ammonium  sulphate  solution  into  a  100  c.c.  volumetric  flask.  This 
contains  0.3  mg.  of  nitrogen  as  (NH4)2S04,  which  is  about  the  amount 
needed  for  normal  bloods.  Add  to  it  2  c.c.  of  the  sulphuric-phosphoric 
au:4  mixture,  about  60  c.c.  of  water  and  30  c.c.  of  the  special  Nessler 
solution  and  make  up  to  the  mark  of  100  c.c.  with  ammonia-free  dis- 
tilled water.  Mix.  This  standard  and  the  unknown  should  have  the 
Nessler  solution  added  to  them  at  about  the  same  time  and  the  dilutions 
completed  at  as  nearly  the  same  time  as  possible. 

Comparison  in  the  colorimeter.  Test  the  colorimeter  by  introducing 
into  the  clean  and  dry  cylinders  of  the  Duboscq  colorimeter  some  of  the 
standard  solution  and  match  the  two  sides.  The  readings  of  the  two 
sides  should  be  identical.  If  not,  correct  the  illumination  until  they 
are,  or  repair  the  colorimeter.  Sometimes  one  of  the  prisms  may  loosen 
and  drop  down  a  little  unperceived.  Leave  the  standard  in  one  side, 
and  rinse  out  the  other  cylinder  with  water  and  then  twice  with  the 
unknown,  then  fill  with  the  unknown.  Set  the  standard  at  20  mm.  and 
move  the  unknown  up  or  down  until  the  two  sides  have  the  same  color 
in  the  eyepiece.    Then  read  the  unknown. 

Computation.  If  the  standard  is  set  at  20  mm.  for  the  color  com- 
parison, 20  divided  by  the  reading  and  multiplied  by  30  gives  the  non- 
protein N  in  mgs.  per  100  c.c.  blood. 

20  X  30 
Non-protein  N,  mgs.  per  100  c.c.  blood  = where  y  is  the 

reading  of  the  unknown.    This  is  derived  as  follows : 

The  5  c.c.  of  filtrate  taken  carried  the  non-protein  N  of  0.5  c.c.  blood. 
This  was  diluted  to  50  c.c,  while  the  standard  was  diluted  to  100  c.c. 
Suppose  the  unknown  had  read  20,  that  is,  just  the  same  as  the  standard. 
Then  it  would  contain  0.3  mg.  N  in  100  c.c,  but  it  has  been  diluted  only 
to  50  c.c,  that  is,  one-half,  so  it  has  0.3  mg./2.  That  is,  it  has  in  50  c.c. 
only  V2  the  nitrogen  in  the  standard.  The  5  c.c  of  filtrate  contained 
then  0.15  mgs.  N,  but  this  wes  in  0.5  c.c.  of  blood.     100  c.c.  of  blood 
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would  then  contain  200  X  0.15  mgs.,  or  30  mgs.  If  instead  of  20  the 
unknown  had  read  30,  the  standard  being  20,  then  it  would  contain 
20/30  of  30  mgs.,  or  20  mgs. 

Urea  in  blood.    Normal  blood  contains  10-22  mgs.  urea  N. 

Principle.  Urea  in  the  blood  filtrate  is  hydrolyzed  to  ammonia  by 
the  addition  of  urease,  the  ammonia  is  removed  by  distillation  or  aera- 
tion into  acid,  and  the  ammonia  is  determined  by  Nesslerization  and 
colorimetric  comparison  with  a  standard  ammonia  solution. 

Special  reagents  required  in  addition  to  those  used  in  the  total  non- 
protein nitrogen  determination. 

1.  Urease  solution.  To  get  rid  of  any  ammonia  in  the  urease,  per- 
mutit  powder  is  employed.  Place  in  a  200  c.c.  flask  3  grams  of  permutit 
powder,  wash  by  decantation  once  with  2  per  cent,  acetic  acid  and  then 
twice  with  water.  Add  100  c.c.  of  30  per  cent,  alcohol  (35  c.c.  of  95 
per  cent,  alcohol  mixed  with  70  c.c.  water),  and  5  grams  of  jack  bean 
meal  and  shake  for  10  minutes.  Filter  and  collect  filtrate  into  3  or  4 
different  small,  25  to  50  c.c,  bottles.  Set  one  aside  for  immediate  use; 
the  others  should  be  stoppered  and  placed  on  ice.  They  wUl  remain 
good  for  at  least  three  or  four  weeks.  The  one  which  is  currently  used 
can  be  kept  serviceable  for  at  least  a  week  at  room  temperature  if  pro- 
tected from  direct  sunlight.  The  urease  solution  is  sufficiently  strong 
so  that  1  c.c.  added  to  300  mgs.  of  urea  N  in  200  c.c.  solution  will  yield 
37  to  22  mgs.  urea  N  in  one  hour  at  20  degrees.    Complete  in  18  hours. 

2.  Buffer  solution,  {a,)  Pyrophosphate  solution.  140  grams  sodium, 
pyrophosphate  and  20  g.  glacial  phosphoric  acid  per  liter. 

(b)  Phosphate  solution.  A  solution  containing  1/3  og  a  gram  mole- 
cule of  NaHaPOi  and  2/3  of  a  gram  molecule  of  NajHPOi  Per  liter. 
(46.03  grams  NaH^POi,  H^O  and  238.8  grams  Na^HPO^,  I2H2O  per 
liter.)     The  pyrophosphate  is  preferable. 

3.  Saturated  borax  solution. 

Method.  Clean  a  75  c.c.  (200  mm.  X  23  mm.)  Pyrex,  or  other  hard 
glass  test-tube  by  rinsing  it  out  with  nitric  acid  and  then  thoroughly  in 
water  and  drying.  The  rinsing  in  nitric  acid  is  necessary  to  remove  any 
copper,  mercury  or  other  metal  of  a  poisonous  kind  which  may  have 
been  in  solutions  previously  in  the  tube  and  which  stick  so  closely  to 
the  glass  that  the  metal  cannot  be  removed  except  by  washing  in  nitric 
acid.  If  the  metal  is  not  removed  it  may  poison  the  urease  and  give 
false  results.  Measure  accurately  into  the  dry  tube  5  c.c.  of  the  tungstic 
acid  blood  filtrate  obtained,  as  stated  on  page  1008,  using  an  Ostwald 
pipette  for  the  transfer;  then  add  as  buffer  two  drops  of  the  pyro- 
phosphate or  ordinary  phosphate  solution  described  above.  This  addi- 
tion is  made  to  give  the  most  favorable  hydrogen  ion  concentration  for 
the  urease  action.  The  reaction  is  kept  nearly  neutral  by  them.  Now 
add  from  0.5  to  1  c.c.  of  the  urease  solution,  from  a  pipette  (the  prepara- 
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tion  of  the  urease  is  given  above).  Immerse  the  tube  in  a  water  bath 
at  40°  to  50°  C.  for  10  minutes.  This  is  sufficient  to  convert  the  urea  to 
ammonia  under  these  conditions.  Then  add  to  the  solution  one,  or  several, 
small  dry  quartz  pebbles,  to  prevent  bumping,  2  c.c.  of  the  saturated 
borax  solution  to  set  free  the  ammonia,  and  1  drop  of  paraffine  oil, 
connect  up  the  test-tube  by  means  of  a  rubber  stopper  and  a  glass  tube, 
as  shown  in  Figure  84.    The  receiving  or  second  tube  should  be  smaller 


Fig.   84. — Test-tubes   arranged   for  distillation   of  urea   nitrogen.     A,   First   position. 
B,  Second  position.      (After   Folin.) 

and  lighter  than  the  first,  should  have  a  capacity  of  about  40  c.c.  and 
the  cork  should  have  two  holes  in  it  or  a  channel  cut  at  one  side  so  as 
to  permit  escape  of  steam.  Place  in  the  second  tube  exactly  2  c.c.  of 
0.05  normal  HCl,  measured  from  a  small  burette  or  accurate  pipette. 
This  second  tube  should  have  a  mark  on  its  side  showing  where  25  c.c. 
would  come  to.  The  delivery  tube  from  the  first  tube  dips  below  the 
surface  of  the  acid  in  the  second  tube.  In  this  distillation  care  must 
be  taken  to  prevent  sucking  back,  owing  to  drafts  blowing  the  flame  of 
the  micro  burner.  Use  a  wind  shield.  Boil  over  a  micro  burner  rather 
vigorously  for  4  minutes  to  distill  over  the  ammonia.  The  flame  should 
be  so  high  that  the  first  stfeam  comes  from  the  second  tube  before  the 
end  of  3  minutes.  Continue  the  distillation  for  1  minute  more  and  then 
slip  the  receiving  tube  into  the  position  shown  by  figure  85.    Distill  for 
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one  minute  more  in  this  position  to  wash  out  the  inside  of  the  tube. 
Then  with  the  wash  bottle  and  a  fine  stream  wash  off  the  end  of  the 
receiving  tube,  collecting  the  small  amount  of  washings  into  the  second 
test-tube.  Put  out  the  flame.  Cool  the  distillate  under  the  tap,  dilute  to 
20  c.e.  with  distilled  ammonia  free  water,  prepare  the  standard  and  when 
it  is  ready  add  2.5  c.c.  of  the  Nessler  reagent,  fill  to  the  25  c.e.  mark 
with  water,  insert  a  clean  rubber  stopper,  and  invert  tube  to  mix  con- 
tents. This  tube  is  now  Nesslerized.  Meanwhile,  during  the  distillation, 
proceed  to  prepare  the  standard  for  comparison. 

Preparation  of  standard).  With  a  3  c.e.  pipette  measure  accurately 
3  c.c.  of  the  standard  (1  mg.  N  to  10  c.c.)  ammonium  sulphate  solution 
into  a  clean  100  c.c.  volumetric  flask,  and  when  the  distillate  just 
obtained  is  ready,  add  as  nearly  as  possible  at  the  same  time  as  the 
Nessler  is  added  to  the  distillate  10  c.c.  of  Nessler  solution  and  fill  to 
the  mark  with  ammonia  free  water.    Stopper  the  flask,  and  mix. 

Comparison.  Compare  the  two  solutions  in  the  Duboscq  colorimeter 
in  the  manner  described  on  page  1013,  always  testing  the  instrument  first 
by  reading  the  standard  against  itself. 

Computation.  The  computation  is  made  as  in  the  total  non-protein 
nitrogen  except  that  inasmuch  as  the  standard  is  diluted  to  100  c.c., 
while  the  unknown,  which  corresponds  to  0.5  c.e.  of  blood  is  diluted 
only  to  25  c.e.,  the  ratio  of  the  standard  to  the  unknown  in  mm.  is 
multiplied  by  15  instead  of  30. 

Reading  of  standard 

Mgs.  of  urea  nitrogen  in  100  e.c.  blood  = V  15 

Reading  of  unknown 

The  reading  of  the  standard  should  be  about  20.  Usually  the  standard 
is  set  at  20  mm.  and  the  unknown  matched  with  it. 

Modification.  .  Instead  of  distilling  off  the  ammonia  into  the  second 
tube  it  can  be  carried  over  by  aeration  with  a  current  of  air.  In  this 
case,  after  the  urease  has  acted,  set  up  the  apparatus  as  indicated  on 
page  1082.  When  all  is  ready  and  the  acid  in  the  receiving  tube, 
which  is  prepared  as  before,  add  to  the  first  tube  1  or  2  c.c.  of  NaOH, 
10  per  cent.,  to  set  free  the  ammonia  and  aspirate  at  a  lively  rate  into 
the  test-tube  graduated  at  25  c.c.  The  rubber  tubing  should  be  washed 
thoroughly  before  beginning  the  aspiration  to  guard  against  any  con- 
tamination with  ammonia.  The  glass  tubes  should  in  all  cases  come 
tight  together  within  the  rubber  tubing  used  for  connections.  Con- 
tinue the  aeration  at  room  temperature  for  10  minutes.  Then  discon- 
nect and  Nesslerize,  as  in  the  preceding. 

Instead  of  using  urease  the  urea  may  be  hydrolyzed  by  autoclaving. 
In  this  case  to  5  e.c.  of  the  blood  filtrate  add  1  c.c.  normal  HCl,  cover 
the  mouth  of  the  test-tube  with  tinfoil  and  heat  in  autoclave  at  150°  C. 
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for  10  minutes.  Allow  autoclave  to  cool  below  100  degrees  before  open- 
ing. Distill  as  in  the  first  process,  except  that  2  c.c.  of  NajCOj,  10  per 
cent,  solution,  is  added  in  place  of  the  borax.  This  method  is  no  better 
than  the  other. 

Creatinine  determination  in  blood. — Amount  in  normal  human 
blood:  1  to  2  mgs.  per  100  c.c.  blood.  Over  5  mgs.  represents  a  very- 
serious  impairment  of  the  kidney  with  a  prospect  of  fatal  termination 
within  a  few  months.  The  prognosis  is  worse  the  greater  the  excess 
above  5  mgs.     (See  Meyers  and  Killian.) 

Solutions  needed: 

1.  Standard  creatinine  solution.  6  c.c.  of  the  standard  creatinine 
solution  for  urine  (page  1095),  containing  1  mg.  per  c.c.  of  creatinine, 
are  measured  into  a  volumetric  liter  flask.  10  c.c.  of  N  HCl  are  added 
and  4  to  5  drops  of  toluene  and  made  to  the  mark  with  water.  This 
solution  will  keep  indefinitely.  5  c.c.  of  this  solution  contain  0.03  mgs. 
of  creatinine.  This  is  the  amount  needed  for  the  standard  for  normal 
human  blood. 

2.  Saturated,  purified  picric  acid  solution,  kept  protected  from 
light.  The  picric  acid  develops,  when  exposed  to  light,  substances  which 
give  a  color  like  picramic  acid.  The  picric  acid  of  commerce  is  often 
impure.  It  should  be  carefully  recrystallized  from  hot  water  and  its 
purity  tested  by  the  method  of  Polin  and  Doisy  {J.  B.  Chem.,  28, 
1916-17,  p.  349). 

Apparatus  needed: 

1.  Large  test-tubes  holding  50  c.c.  and  graduated  at  25  c.c.    4. 

2.  Colorimeter:  Duboscq,  Benedict-Bock  or  Hellige. 

Method.  50  c.c.  of  the  saturated,  purified,  aqueous  solution  of  picric 
acid  are  placed  in  a  small  clean  flask,  and  10  c.c.  of  10  per  cent.  NaOH 
are  added  and  mixed.  This  solution  should  be  made  fresh  each  time. 
Take  4  large  test-tubes  graduated  at  25  c.c.  Into  one  place  10  c.c.  of 
the  blood  filtrate  from  the  tungstic  acid  precipitation  (page  1008) ;  into 
the  others  introduce  respectively  5  c.c,  10  c.c.  and  15  c.c.  of  the 
standard  creatinine  solution  containing  0.03  mgs.  creatinine  in  5  c.c. 
Then  add  to  these  three  tubes  respectively  15  c.c,  10  c.c.  and  5  c.c.  of 
water  and  mix.  The  four  tubes  are  now  ready  for  the  alkaline  picrate 
solution.  Add  to  each  of  the  4  tubes  as  nearly  simultaneously  as  possi- 
ble of  the  alkaline  picrate  solution  5  cc  to  the  blood  tube ;  and  10  c.c 
to  each  of  the  three  standard  tubes.  Mix  by  stoppering  and  inverting 
the  tubes  once  or  twice.  Allow  to  stand  at  room  temperature  for  8  to  10 
minutes.  Then  select  the  standard  which  is  nearest  the  blood  tiibe  in 
depth  of  tint  and  compare  the  two  in  the  colorimeter,  having  the 
standard  set  at  20  for  the  Duboscq  colorimeter.  Always  read  the 
standard  against  itself  before  making  the  reading  with  the  blood.    This 
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is  to  check  the  accuracy  of  the  instrument.  The  two  sides  should  agree 
with  an  error  of  not  more  than  0.1  mm.  The  reading  must  be  completed 
within  15  minutes  from  the  time  the  alkaline  picrate  is  added,  as  the 
color  fades,  and  also  for  the  reason  that  other  reducing  substances  may, 
on  standing,  produce  color.  The  creatinine  coloration  comes  promptly 
at  room  temperature  but  is  not  permanent. 

Of  these  three  standards  the  first  will  correspond  to  the  content  of 
1  to  2  mgs.  creatinine  in  100  c.c.  blood;  which  is  the  normal  content; 
the  second  covers  the  range  from  2  to  4  mgs. ;  and  the  third  from  4  to  6 
mgs.  In  cases  of  long-continued  nephritis  the  creatinine  content  may 
rise,  however,  to  10  mgs.  or  more.  It  is  well,  if  such  a  condition  is  sus- 
pected, to  have  a  fourth  standard  tube  which  contains  20  c.c.  of  the 
standard  creatinine  solution  to  which  no  water  is  added.  This  would 
give  a  range  of  6  to  10  mgs. 

In  case  a  higher  creatinine  content  than  this  is  encountered,  when 
no  standard  sufficiently  high  is  available  for  comparison,  the  determina- 
tion can  be  saved  by  diluting  the  alkaline  picrate  solution  with  2  volumes 
of  water  and  then  diluting  the  blood  tube  with  an  equal,  or  some  other 
known  volume,  of  this  solution. 

Computation.  The  standard  tubes  contain  in  30  c.c.  0.03,  0.06,  0.09 
and  0.12  mgs.  creatinine  respectively.  In  10  c.c.  they  contain,  then, 
0.01,  0.02,  0.03  and  0.04  mgs.  of  creatinine.  The  blood  tube  contains 
15  c.c.  Hence  1.5  times  these  figures  represents  the  amount  in  the 
blood  tube  if  it  exactly  matches  the  standards.  If  it  does  not  match, 
the  figures  just  obtained  must  be  multiplied  by  the  ratio  of  the  reading 
of  the  standard  to  the  reading  of  the  unknown.    Hence 

Mgs.  creatinine  in  100  c.c.  blood  =  1.5,  3,  4.5,  or  6  (depending  on 
which  standard  is  used)  X  20  (the  reading  of  standard)  h-  the  reading 
of  the  unknown. 

Creatine  and  creatinine  determination.  (Total  creatinine.) — There 
is  much  more  creatine  than  creatinine  in  blood.  To  determine  the  cre- 
atine it  is  converted  over  into  creatinine  and  the  total  measured  as 
creatinine.  In  normal  human  blood  there  are  about  6  mgs.  total  cre- 
atinine in  100  C.C.  blood.  In  uremia  the  amount  may  be  more  than 
three  times  this  figure. 

Solutions  required.  In  addition  to  those  required  for  creatinine  a 
N  HCl  solution. 

Additional  apparatus  reqimed.  An  autoclave  capable  of  heating  to 
155°  C. 

Method.  To  a  large,  50  to  75  c.c.  capacity,  hard  glass  test-tube 
(Pyrex  glass)  introduce  by  a  pipette  exactly  5  c.c.  of  the  tungstic  acid 
blood  filtrate.  The  test-tube  should  be  graduated  at  25  c.c.  In  case  of 
uremic  bloods  with  much  creatine  and  creatinine  take  1,  2,  or  3  c.c.  of 
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the  filtrate  and  dilute  to  5  c.e.  with  water.  Add  1  c.c.  N  HCl,  cover  the 
mouth  of  the  tube  with  tinfoil ;  autoclave  it  at  130°  C.  for  20  minutes ;  or 
at  155°  C.  for  10  minutes.  Let  the  autoclave  cool  below  100°  before 
opening  it.  Remove  and  cool  the  tube.  Prepare  the  standard  by  placing 
20  c.c.  of  the  standard  creatinine  solution  in  a  volumetric  flask  (50  c.c.)  ; 
add  2  c.c.  N  HCl.  Now  add  to  the  standard  10  c.c.  of  the  alkaline 
picrate  solution  (page  1017)  and  to  the  unknown  5  c.c.  of  the  pierate  solu- 
tion. Let  stand  for  8  to  10  minutes,  then  dilute  the  standard  to  50  c.c. 
and  the  unknown  to  25  c.c.  and  compare  in  the  colorimeter  as  for  the 
creatinine,  first  comparing  the  standard  against  itself. 
Computation.    If  5  c.c.  of  blood  filtrate  taken,  then : 

,   .   ,  ...  ,„„  ,,     ,      Reading  of  standard 

Mga.  total  creatinine  per  100  c.c.  blood  = X  6. 

Reading  of  unknown 

If  1  C.e.  was  taken  it  will  be  5  times  this  amount. 

Determination  of  uric  acid. 

Principle.  Uric  acid  is  precipitated  from  the  tungstic  acid  filtrate 
by  silver  lactate  and  then  estimated  colorimetrieally  by  the  production 
of  a  blue  color  with  phosphotungstic  acid  and  compared  with  color  pro- 
duced by  a  standard  uric  acid  solution. 

Apparatus  needed: 

1.  Duboscq  or  other  colorimeter. 

2.  Centrifuge  and  centrifuge  tubes. 
Solutions : 

1.  Standard)  uric  acid  sulfite  solution.  Make  1  to  3  liters  of  20 
per  cent,  solution  of  sodium  sulfite.  Let  stand  over  night  and  filter. 
Dissolve  1  gram  uric  acid,  accurately  weighed,  in  125  to  150  c.c.  of  0.4 
per  cent.  LijCOg  solution  and  dilute  to  500  c.e.  50  c.c.  of  this  solution 
containing  100  mgs.  uric  acid  are  accurately  measured  into  a  series  of 
volumetric  1  liter  flasks ;  200  to  300  c.c.  of  HgO  added  to  each,  and  then 
500  c.e.  of  filtered  20  per  cent,  sodium  sulfite  solution.  Make  up  to 
volume  with  water  and  mix  well.  Fill  with  this  solution  a  series  of 
200  c.c.  bottles  and  stopper  very  tightly  with  rubber  stoppers.  This 
is  done  to  preserve  the  uric  acid  from  oxidation  by  air.  In  these  bottles 
the  uric  acid  will  keep  for  a  long  period.  One  of  these  bottles  is  kept 
for  daily  use.  When  opened  and  in  use  it  should  keep  3  to  4  months. 
This  gives  a  stable  standard  uric  acid  solution.  10  c.c.  contain  1  mg. 
uric  acid. 

2.  5  per  cent,  lactate  in  5  per  cent,  lactic  acid.  (4  or  5  c.c.  for  a 
determination.)    Make  up  1  liter. 

3.  10  per  cent,  sodium  sulphite  solution.  Made  by  diluting  the  20 
per  cent,  solution  already  described  and  transferring  to  a  similar  series 
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jf  small  tightly  stoppered  bottles  to  keep  from  oxidation  by  air.  (2  c.c. 
for  each  determination.) 

4.  5  per  cent.  NaCN  solution.  To  be  added  from  a  burette.  2.5  to 
5  c.c.  for  each  determination.)    Poisonous.    Bo  not  measure  from  pipette. 

5.  10  per  cent.  NaCl  solution  in  O.IN  HCl.  (10  to  20  c.c.  for  each 
determination.) 

6.  Uric  acid  reagent  of  Folin  and  Denis.  100  grams  sodium 
tungstate,  80  c.c.  85  per  cent,  phosphoric  acid  (sp.  gr.  1.71)  and  700  c.c. 
HjO.  Boiled  for  at  least  2  hours.  Dilute  to  1  liter.  (2.5  c.c.  for  each 
determination.) 

7.  20  per  cent,  solution  of  NajCOa.    (15  c.c.  for  each  determination.) 
Method.    Measure  10  c.c.  by  a  volumetric  pipette  into  each  of  2 

centrifuge  tubes.  To  each  add  2  c.c.  of  the  5- per  cent,  silver  lactate 
lactic  acid  solution  and  stir  with  a  fine  glass  rod.  This  precipitates  the 
uric  acid.  Wash  the  rod  with  a  drop  or  two  of  water,  the  washing  being 
added  to  the  tubes.  Centrifuge  until  the  precipitate  is  well  separated 
and  packed.  Add  a  drop  of  the  lactate  solution  to  the  supernatant 
liquid.  If  it  remains  clear,  enough  of  the  lactate  has  been  added.  If 
it  becomes  cloudy,  add  another  c.c.  of  the  lactate  solution  and  recentrif- 
ugalize  after  stirring  once  more.  Decant  the  clear  supernatant  liquid, 
taking  care  to  lose  none  of  the  precipitate  which  contains  the  uric  acid. 
To  separate  the  uric  acid  from  the  precipitate  add  to  each  tube  1  c.c. 
of  the  10  per  cent.  NaCl  solution  in  HCl  and  stir  thoroughly  with  the 
glass  rod.  Then  add  5  to  6  c.c.  of  water  and  stir  again.  By  this  means 
the  uric  acid  is  brought  into  solution  and  the  silver  left  as  silver 
chloride.  Centrifuge  again.  Transfer  the  supernatant  liquids  contain- 
ing the  uric  acid  to  a  25  c.c.  volumetric  flask,  or  a  test-tube  graduated 
to  25  c.c.  Add  1  c.c.  of  the  10  per  cent,  sodium  sulphite;  0.5  c.c.  of 
5  per  cent.  NaCN ;  and  3  c.c.  20  per  cent.  NajCOj.  The  sodium  cyanide 
is  added  to  make  the  blue  color  which  develops  later  more  permanent; 
the  carbonate  prevents  the  sulphite  from  itself  reducing  the  reagent  and 
making  a  blue  color.  Now  prepare  simultaneously  2  standard  uric 
solutions  as  follows :  Two  50  c.c.  volumetric  flasks  are  taken ;  into  one 
is  introduced  1  c.c.  (0.1  mg.  uric  acid)  and  into  the  other  2  c.c.  (0.2  mg. 
uric  acid),  measured  by  pipettes,  of  the  standard  uric  acid  sulphite 
solution.  To  the  first  flask  add  also  1  c.c.  of  10  per  cent,  sodium  sul- 
phite. Add  to  each  flask  4  c.c.  of  the  acidified  NaCl  solution,  1  c.c.  of 
the  NaCN  solution,  and  6  c.c.  of  the  NaoCOs  solution.  Dilute  each  with 
water  to  about  45  c.c.  To  the  two  standards  and  the  unknown  now  add 
the  uric  acid  reagent.  0.5  c.c.  of  this  is  added  to  the  unknown  and  1  c.c. 
each  to  the  two  standards,  and  content  of  each  is  mixed.  It  is  important 
always  not  to  add  the  uric  acid  reagent  until  the  sodium  carbonate  is 
added,  since  otherwise  the  sulphite  may  itself  reduce  the  reagent  and 
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produce  a  blue  color.  '  Let  stand  for  10  minutes,  dilute  each  to  the  mark 
with  water,  mix  and  compare  the  unknown  in  the  colorimeter  with  that 
standard  which  is  nearest  it  in  depth  of  tint. 

Computation.  The  blood  filtrate  taken  corresponds  to  2  c.c.  of 
blood.  The  standard  is  diluted  to  twice  the  voliune  of  the  unknown  and 
contains  either  0.1  or  0.2  mg.  of  uric  acid.  If  the  unknown  reads  the 
same  as  the  weaker  standard  it  will  contain  %  of  0.1  mg.  of  uric  acid 
or  0.05  mg.  This  is  in  the  filtrate  from  2  c.c.  blood.  1  c.c.  would  contain,, 
then,  0.025  mg.  And  100  c.c.  blood  would  contain  2.5  mg.  One  cor- 
responding to  the  2d  standard  would  contain  5  mgs.  We  have  then  de- 
pending on  the  standard  used 

. ,  .  , ,     ,       Reading  of  standard 

Mgs.  unc  acid  in  100  c.c.  blood  = V  2-5  (or  5) 

Reading  of  unknown 

Determination  of  sugar  in  blood.  (Folin  and  Wu:  Jour.  Biol. 
CJiem.,  41,  p.  367,  1920.) 

Principle.  The  tungstic  acid  blood  filtrate  is  boiled  with  feebly 
alkaline  copper  tartrate  solution  at  the  same  time  as  a  standard  dextrose 
solution  similarly  treated.  Phosphomolybdic-phosphoric  acid  is  added 
to  dissolve  the  cuprous  oxide.  This  is  oxidized  and  the  molybdic  reagent 
reduced  with  the  production  of  a  blue  color  which  is  compared  with  the 
standard. 

This  is  undoubtedly  one  of  the  best  methods  of  determining  sugar 
in  blood. 

Apparatus  required: 

1.  Duboscq  colorimeter,  or  some  other  colorimeter,  such  as  the 
Benedict-Bock. 

2.  Special  sugar  tubes.    (See  Figure  86.)    3  or  4. 
Solutions  required: 

1.  Standard  sugar  solution.  Dissolve  1  gram  pure  anhydrous  dex- 
trose in  water  and  dilute  to  a  volume  of  100  c.c.  Keep  in  stoppered 
bottle  in  cool  place,  having  added  3  to  4  drops  of  toluene.  If  pure 
dextrose  is  not  available  the  standard  can  be  made  from  cane  sugar. 
1  gram  cane  sugar  and  20  c.c.  N  HCl  are  put  into  a  100  c.c.  volumetric 
flask  and  allowed  to  stand  over  night  at  room  temperature,  or  flask  and 
contents  may  be  rotated  at  70°  in  a  water  bath  for  10  minutes.  This 
hydrolyzes  the  sugar.  Add  1.68  gms.  NaHCOj  and  about  0.2  grams 
sodium  acetate  to  neutralize  the  HCl.  Shake  a  few  minutes  to  remove 
most  of  the  COj,  then  fill  to  100  c.c.  mark  with  water.  Then  add  5  c.c. 
more  of  water  (1  gr.  of  cane  sugar  gives  1.05  of  invert  sugar)  and  mix. 
Place  in  bottle  with  a  few  drops  of  toluene,  shake  and  stopper  well. 
This  solution  keeps  indefinitely.  To  make  the  first  standard  take  of  this 
stock  solution  5  c.c.  and  dilute  it  to  500  c.c.    To  make  the  second  take 
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5  C.C.  and  dilute  to  250  c.c.  Preserve  all  by  toluene  or  xylene.  These 
are  the  standards.  No.  1  contains  1  mg.  of  dextrose  or  invert  sugar  in 
10  c.c.  (For  each  determination  2  c.c.  required.)  No.  2  has  2  mg.  in 
10  c.c. 


W" 


Fig.  86. 
Fig.  86. — Special  tube  for  micro  blood  sugar  method.     (After  Folln.) 

2.  Alkaline  copper  tartrate  solution.  Dissolve  40  gms.  anhydrous 
NajCOs  in  about  400  c.c.  of  water  and  transfer  to  liter  flask.  Add 
7.5  gms.  tartaric  acid  and  when  this  has  dissolved  add  4.5  gms.  of 
crystallized  CUSO4.5H2O,  mix  and  make  up  to  1  liter  with  water.  De- 
cant from  any  sediment  (impure  carbonate)  which  may  form.  Keep  in 
a  bottle. 

3.  Molyhdate-phmpJiate  mixture.  (This  is  a  modification  of  the 
Folin-Denis  phenol  reagent.  Mix  in  a  liter  beaker  35  grams  molybdic 
acid,  5  grams  sodium  tungstate,  and  200  c.c.  10  per  cent,  sodium 
hydrate  and  200  c.c.  water.  Boil  vigorously  20  to  40  minutes  so  as  to 
remove  ammonia.  Cool,  dilute  to  about  350  c.c.  and  add  125  c.c.  con- 
centrated (85  per  cent.)  H3PO4  (sp.  gr.  1.71).  Dilute  to  500  c.c.  Keep 
in  a  stoppered  bottle. 

Method.    Take  3  sugar  test-tubes  (Figure  86),  each  graduated  at 
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25  c.e.  (In  case  these  are  not  to  be  had  ordinary  test-tubes  capable  of 
holding  25  c.c.  and  not  more  than  17  mm.  in  diameter  may  be  used 
with  very  little  error  from  reoxidation.)  To  one  add  2  c.c.  blood  filtrate ; 
to  one  of  the  others  2  c.c.  of  standard  glucose  containing  1  mg.  in  10  c.c. ; 
and  to  the  other  2  c.c.  of  the  standard  twice  as  strong  as  this.  To  each 
tube  add  2  c.c.  of  the  alkaline  copper  tartrate.  Each  tube  must  now 
be  filled  so  that  the  surface  of  the  liquid  lies  in  the  constricted  neck.  If 
bulb  of  tube  is  a  little  too  large,  a  little,  but  not  more  than  0.5  c.c.  of 
alkaline  tartrate  diluted  1 : 1  may  be  added,  to  bring  the  solution  into 
the  neck.  If  it  fills  above  the  neck  discard  the  tube.  Immerse  all  three 
tubes  simultaneously  in  a  beaker  already  boiling  of  water  and  continue 
boiling  for  6  minutes.  Transfer  all  to  cold  water  bath  and  let  cool 
without  shaking  for  2  to  3  minutes.  Add  to  each  test-tube  2  c.c.  of 
molybdate-phosphate  mixture.  The  CujO  dissolves  rather  slowly  but  the 
whole  up  to  the  amount  given  by  0.8  mgs.  dextrose  will  dissolve  within 
2  minutes.  When  CUaO  is  dissolved  dilute  resulting  blue  solution  to 
25  c.c.  with  water.  Stopper  with  rubber  stopper  and  invert  to  mix 
thoroughly.  This  must  be  done  thoroughly,  as  most  of  blue  color  is  in 
bulb.  Compare  tubes  in  colorimeter  after  full  color  develops,  i.e.,  in 
from  5  minutes  to  1  hour.  These  two  standards  cover  the  range  from 
70  to  nearly  400  mgs.  dextrose  per  100  c.c.  blood. 

Computation.  If  the  tube  having  0.2  mg.  dextrose  is  chosen  as  the 
nearest  for  comparison,  the  standard  being  set  at  20 

20 
mgs.  of  dextrose  per  100  c.c.  blood  ^  — .  X  100 

y 

y  being  the  reading  in  mms.  of  the  unknown.  If  the  0.4  mg.  standard 
is  taken  this  must  of  course  be  multiplied  by  2.  The  2  c.c.  O'f  blood 
filtrate  taken  correspond  to  0.2  c.c.  of  blood. 

Experiment  204.  System  of  blood  analysis  by  the  methods  of 
Greenwald,  Lewis  and  Benedict  and  Meyers  and  Bailey. — Non-protein 
nitrogen  is  determined  by  the  method  of  Greenwald;  creatinine  and 
sugar  by  the  Meyers  and  Bailey  modification  of  the  Lewis-Benedict 
method;  urea  by  the  van  Slyke  modification  of  the  Marshall  method; 
uric  acid  by  Benedict's  modification  of  Folin's  method.  (Greenwald: 
Jour.  Biol.  Chem.,  21,  p.  61,  1915.) 

Non-protein  nitrogen.  (Greenwald,  Jour.  Biol.  Chem.,  21,  p.  61, 
1915.) 

Principle.  The  proteins  and  corpuscles  are  precipitated  by  tri- 
chloracetic acid.  The  filtrate  is  digested  with  sulphuric  acid  by  Kjeldahl 
method,  the  ammonia  distilled  off  and  the  ammonia  determined  by 
titration. 
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Solutions  needed: 

1.  Standard  acid  and  alkali.  O.OIN  NaOH  and  O.OIN  HCl.  (15  c.c. 
of  each  for  a  determination.) 

2.  Indicators.  0.1  per  cent,  solution  of  methyl  red;  0.1  per  cent, 
methylene  blue. 

3.  Concentrated  H2SO4,  5  per  cent.  CUSO4  and  solid  K2SO4,  or  the 
phosphoric  sulphuric  acid  mixture  of  Polin  and  Wu  (page  1010). 

4.  2.5  per  cent,  solution  of  trichloracetic  acid. 
ApparatiLs: 

1.  Condenser. 

2.  200  c.c.  Kjeldahl  flask;  a  50  c.c.  volumetric  flask. 

Method.  5  c.c.  of  oxalated  blood  (see  page  1007)  are  accurately 
measured  by  an  Ostwald  pipette  into  a  50  c.c.  volumetric  flask  and  filled 
to  the  mark  with  2.5  per  cent,  trichloracetic  acid.  After  standing  30 
minutes  it  is  centrifuged  and  filtered  through  a  dry  filter  paper.  If 
greater  accuracy  is  desired  the  filtrate  may  be  shaken  with  a  small 
quantity  of  kaolin  (4  mgs.  per  100  c.c.)  and  again  filtered.  This  removes 
a  small  amount  of  a  colloidal  nitrogenous  substance.  An  error  of  not 
more  than  2  mgs.  of  N  in  100  c.c.  blood  will  be  caused  by  omitting  the 
kaolin.  If  the  ammonia  is  to  be  distilled  and  titrated,  measure  accurately 
20  c.c.  of  the  blood  filtrate  by  a  pipette  into  a  small  (200  c.c.)  Kjeldahl 
flask,  add  2  c.c.  concentrated  H2SO4  and  4  drops  of  5  per  cent.  CUSO4 
and  heat  under  the  hood,  using  a  micro  burner  until  the  water  is  gone 
and  white  fumes  begin  to  fill  the  flask,  then  add  0.3  gram  of  powdered 
KjSOi,  or  an  equivalent  amount  of  Na^SOi  which  has  been  found  to 
be  free  from  ammonia,  and  heat  for  5  minutes,  with  the  flame  turned  so 
low  that  the  boiling  is  moderate,  after  the  solution  has  become  colorless. 
Allow  to  cool  and  while  cooling  arrange  the  condenser  for  distillation,  as 
shown  in  figure  87.  The  fiask  which  is  to  receive  the  distilled  ammonia 
has  measured  into  it  from  a  burette  exactly  15  c.c.  of  O.OIN  acid.  A 
100  c.c.  Erlenmeyer  fiask  should  be  taken.  When  the  still  is  ready,  add 
to  the  Kjeldahl  flask  a  clean,  dry,  quartz  pebble  to  prevent  bumping 
and  then  10  c.c.  of  saturated  NaOH  solution.  Connect  immediately 
with  the  condenser  and  heat  cautiously  at  first  and  then  rapidly  with  a 
small  burner.  10  minutes  vigorous  distillation  will  be  sufficient  to  distill 
over  the  ammonia.  While  the  distillation  is  going  on  or  before  it  has 
begun  add  to  the  distillate  3  drops  of  methyl  red  (1  per  cent,  solution). 
After  10  minutes  remove  the  end  of  the  distilling  tube  from  the  acid 
so  that  it  now  no  longer  dips  below  the  surface  and  distill  for  two 
minutes  more  so  that  the  steam  and  water  wash  out  the  inside  of  the 
tube.  Turn  out  the  flame.  With  a  few  c.c.  from  a  wash  bottle  wash 
out  the  tube  and  the  outside  of  it,  receiving  the  washings  into  the  flask. 
Add  1  drop  of  methylesne  blue  and  titrate  with  O.OIN  NaOH.    At  the 
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end  point  the  color  changes  sharply  from  a  purple  to  a  green.  In  ease 
of  uremic  blood  distill  in  to  0.05N  HCl  in  place  of  O.OIN  and  use  0.05N 
NaOH  for  titration. 

Computation.    The  20  c.c.  of  filtrate  taken  correspond  to  2  e.c.  of 
blood.    1  c.c.  of  O.OIN  acid  neutralized  by  the  ammonia  is  equivalent 


Fig.  87. 
Fig.  87. — Apparatus  arranged  for  Kjeldahl  ammonia  distillation. 

to  0.14  mgs.  N.  If  15  c.c.  of  the  acid  were  taken  and  10  c.c.  O.OIN  NaCH 
were  required  to  titrate  the  excess,  then  5  c.c.  would  be  neutralized  by 
the  N  from  2  c.c.  blood.  This  would  be  0.7  mg.  And  100  c.c.  blood 
would  have  50  times  this  or  35  mgs.  N.  A  table  prepared  by  P.  Hulton- 
Frankel  and  very  convenient  enables  a  reading  to  be  made  without 
calculation.  For  example,  if  10.4  c.c.  of  O.OIN  NaOH  were  used  in  the 
titration,  by  inspection  of  the  table  it  appears  at  once  that  the  blood 
must  contain  32.2  mgs.  non-protein  N  in  100  c.c. 

Tables  I  and  II.    (Taken  from  Hulton-Frankel :  Jour,  of  Laboratory 
and  Climcal  Medicine,  III,  p.  3,  1918.) 
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TABLE  I.    NON-PROTEIN  NITROGEN. 

Take  20  c.c.  filtrate  for  micro  Kjeldahl,  digest  and  distill  into  15  c.c.  N/100  acid. 
Figures  give  mg.  N  per  100  c.c.  blood. 


Alkali  used  for  titration 


c.c. 

0.0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

0    

105.0 

98.0 

91.0 

84.0 

77.0 

70.0 

63.0 

56.0 

49.0 

42.0 

35.0 

28.0 

21.0 

104.3 
97.3 
90.3 
83.3 
76.3 
69.3 
62.3 
55.3 
48.3 
41.3 
34.3 
27.3 
20.3 

103.6 
96.6 
89.6 
82.6 
75.6 
68.6 
61.6 
54.6 
47.6 
40.6 
33.6 
26.6 
19.6 

102.9 
95.9 
88.9 
81.9 
74.9 
67.9 
60.9 
53.9 
46.9 
39.9 
32.9 
25.9 
18.9 

102.2 
95.2 
88.2 
81.2 
74.2 
67.2 
60.2 
53.2 
46.2 
39.2 
32.2 
25.2 
18.2 

101.5 
94.5 
87.5 
80.5 
73.5 
66.5 
59.5 
52.5 
45.5 
38.5 
31.5 
24.5 
17.5 

100.8 
93.8 
86.8 
79.8 
72.8 
65.8 
58.8 
51.8 
44.8 
37.8 
30.8 
23.8 
16.8 

100.1 
93.1 
86.1 
79.1 
72.1 
65.1 
58.1 
51.1 
44.1 
37.1 
30.1 
23.1 
16.1 

99.4 
92.4 
85.4 
78.4 
71.4 
64.4 
57.4 
50.4 
43.4 
36.4 
29.4 
22.4 
15.4 

98.7 

1      

91.7 

2    

84.7 

3    

77.7 

4    

70.7 

5    

63.7 

6    

56.7 

7    

49  7 

8    

42.7 

9    

35  7 

10    

28.7 

11    

21  7 

12    

14.7 

TABLE  II.    NON-PROTEIN  NITROGEN. 

Take  20  c.c.  filtrate  for  micro  Kjeldahl,  digest  and  distill  into  10  c.c.  N/20  acid. 
Figures  give  mg.  N  per  100  c.c.  blood. 


Alkali  used  for  titration 


0.0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

360.0 

346.5 

343.0 

339.5 

336.0 

332.5 

329.0 

325.5 

322.0 

315.0 

311.5 

308.0 

304.5 

301.0 

297.5 

294.0 

290.5 

287.0 

280.0 

276.5 

273.0 

269.5 

266.0 

262.5 

269.0 

255.5 

251.0 

245.0 

241.5 

238.0 

234.6 

231.0 

227.5 

224.0 

220.5 

217.0 

210.0 

206.5 

203.0 

199.5 

196.0 

192.5 

189.0 

185.5 

182.0 

175.0 

171.5 

168.0 

164.5 

161.0 

157.5 

154.0 

150.5 

147.0 

140.0 

136.5 

133.0 

129.5 

126.0 

122.5 

119.0 

115.5 

112.0 

0.9 


0 
1 
2 
3 
4 
5 
6 


318.5 
283.5 
248.5 
213.5 
177.5 
143.5 
108.5 


Determination  of  creatinine  and  sugar.  Lewis-Benedict  method 
modified  by  Myers  and  Killian.  (Lewis  and  Benedict:  Jour.  Biol. 
Chem.,  1915,  20,  p.  61.  Meyers  and  Killian:  Amer.  J.  Med.  Sd.,  157, 
1919,  p.  674.) 

Principle.  The  proteins  and  corpuscles  are  precipitated  by  saturat- 
ing with  picric  acid.  The  filtrate  is  made  alkaline  in  the  cold  for 
creatinine,  the  comparison  being  made  with  a  standard  in  the  colorimeter. 
The  alkalinized  filtrate  is  warmed  to  give  the  color  with  sugar.  In  this 
case  the  creatinine  color  fades  and  the  reduction  to  picramic  acid  due  to 
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the  dextrose  comes  to  the  fore.    This  is  estimated  in  the  colorimeter  by 
comparison  with  a  standard  solution. 
SolutioTis  needed: 

1.  Standard  creatinine  solution.  See  page  1017.  The  stock  solution 
contains  1  mg.  creatinine  to  1  e.c.  of  O.IN  HCl.  Appropriate  amounts 
may  be  taken  from  this  stock  solution  and  made  up  to  100  c.c.  by 
addition  of  saturated  picric  acid  solution  to  make  the  standards  for 
comparison. 

2.  Picric  acid  which  has  been  purified  and  kept  protected  from  the 
light.    See  page  1017. 

Apparatus : 

1.  Centrifuge  and  tubes. 

2.  Duboscq  or  other  colorimeter. 

Method.  To  20  c.c.  distilled  water  in  a  50  c.c.  centrifuge  tube  add 
5  c.c.  oxalate  blood.  (See  page  1007.)  Stir  with  a  small  glass  rod  until 
the  blood  is  completely  laked,  then  add  about  1  gram  dry,  purified 
(Note:  picric  acid  is  an  explosive.  Do  not  pulverize  in  a  mortar)  picric 
acid.  The  mixture  is  thoroughly  stirred  for  several  minutes  until  the 
proteins  are  coagulated  and  the  liquid  uniformly  yellow  and  saturated 
with  picric  acid.  It  is  then  stirred  at  intervals  for  from  20  to  30  minutes 
longer  to  make  sure  that  coagulation  and  saturation  is  complete. 
It  is  very  important  that  the  liquid  be  saturated.  Centrifuge  until 
well  separated.  Decant  supernatant  liquid  through  a  dry  filter 
paper  and  finally  bring  all  of  the  liquid  and  the  precipitate  on  to 
the  filter  paper.  The  filtrate  may  be  used  for  both  creatinine  and 
sugar. 

To  determine  the  creatinine.  Measure  10  c.c.  of  the  filtrate  by  an 
Ostwald  pipette  into  a  small  flask  or  large  test-tube.  Then  make  three 
(or  5)  standard  solutions  of  creatinine  in  saturated  picric  acid.  10  c.c. 
of  each  of  the  standards  are  taken  and  similarly  placed  in  tubes  or  small 
flasks.  These  standards  contain,  respectively,  0.2,  0.4,  0.6,  2.0  and  4.0 
mgs.  creatinine  in  100  c.c.  saturated  picric  acid  solution.  They  are 
easily  prepared  from  the  stock  solution  which  contains  1  mg.  per  c.c.  by 
adding  the  appropriate  amount  of  creatinine  to  100  c.c.  volumetric 
flasks  and  diluting  to  100  c.c.  by  saturated  picric  acid.  When  the 
standards  are  ready  add  to  each  test-tube  0.5  c.c.  of  10  per  cent.  NaOH 
solution.  Mix  by  inverting  the  tube  once.  The  standard  is  selected 
which  comes  nearest  in  color  to  the  unknown  and  these  two  are  com- 
pared in  the  colorimeter.  If  the  standard  is  set  at  20,  the  mgs.  of 
creatinine  in  100  mgs.  blood  can  be  read  directly  from  the  accompanying 
table  taken  from  Hulton-Frankel.  The  reading  must  be  made  about 
8  minutes  after  the  addition  of  the  alkali  and  never  later  than  15 
minutes.     The  unknown  should  never  read  more  than  3  mm.  below  or 
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about  the  standard.     That  is,  if  the  standard  is  10  it  should  not  read 
below  7  or  above  13  mm. 

TABLE  III.     CREATINE. 


Standaid  set  at  20 
Unknown  reading 

0.2  nag.  per 

100  c.c. 

Standard 

0.4  mg.  per 
100  C.C. 
Standard 

0.6  mg.  per 
100  C.C. 
Standard 

2.0  mg.  per 
100  c.e. 
Standard 

4.0  mg.  per 

100  e.e. 

Standard 

10.0     

2,00 
1.82 
1.67 
1.54 
1.43 
1.38 
1.33 
1.29 
1.25 
1.21 
1.17 
1.14 
1.11 
1.08 
1.05 
1.02 
1.00 
0.97 
0.95 
0,91 
0.87 
0.83 
0.80 
0.77 
0  74 
0  71 
0.69 
0.67 

4.00 
3.64 
3.34 
3.08 
2.86 
2,76 
2,66 
2,58 
2,50 
2.42 
2.34 
2,28 
2.22 
2.16 
2.10 
2.04 
2.00 
194 
1.90 
1.82 
1.74 
1.66 
1.60 
1.54 
1.48 
1.42 
1.38 
1.34 

6.00 
5.45 
5.00 
4,60 
4,29 
4.14 
4.00 
3.87 
3.75 
3.64 
3.53 
3.43 
3.33 
3.24 
3.16 
3.08 
3.00 
2.92 
2.85 
2.73 
2.60 
2.50 
2.40 
2.30 
2.22 
2.14 
2.07 
2.00 

20.0 

18.2 

16  7 

15.4 

14  3 

13.8 

13.3 

12.9 

12.5 

12.1 

11.7 

11.4 

11.1 

108 

10.5 

10,2 

10.0 

9,7 

9.5 

9.1 

8.7 

8.3 

8,0 

7.7 

7.4 

7.1 

6.9 

6.7 

40  0 

11.0     

36  4 

12.0     

33  3 

13.0     

30  8 

14.0     

28  5 

14.5     

27  6 

15.0     

26  6 

15.5     

25  8 

16.0     

25  0 

16.5     

24  2 

17.0     

23  5 

17.5     

22  8 

18.0 

22  2 

18.5     

21  6 

19.0    

21  0 

19.5     

20  4 

20.0     

20  0 

20.5     

19  4 

21.0     

19.0 

22.0     

18  2 

23.0     

17.4 

24.0     

16  6 

25.0     

160 

26.0     

15.4 

27.0    

14.8 

28.0     

14  2 

29.0    

13.8 

30.0    

134 

Determination  of  sugar.     (Myers  and  Bailey :  Jour,  of  Biol.  CJiem., 
24,  p.  147,  1916.) 
Solutions  needed: 

1.  Standard  dextrose  solution.  0.2  gram  pure  dextrose  dissolved 
in  saturated  picric  acid  and  made  up  to  1,000  c.c.  Each  c.c.  of  this 
solution  will  contain  0.2  mgs.  of  dextrose.  (3  c.c.  are  needed  for  each 
determination.) 

2.  20  per  cent.  NajCOj  solution. 
Apparatus: 

1.  Colorimeter. 

2.  Narrow  test-tube  graduated  at  3,  4,  10,  15  and  20  c.e. 
Method.    Take  3  c.c.  of  the  picric  acid  blood  filtrate  measured  by  an 

Ostwald  pipette  into  a  tall,  narrow  test-tube  graduated  at  3,  4,  10,  15 
and  20  c.c.    Into  a  similar  tube  measure  3  c.c.  standard  glucose  solution. 
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The  standard  tube  then  contains  0.6  mgs.  dextrose.  Now  add  to  the 
standard  and  the  blood  filtrate  1  e.c.  of  20  per  cent.  NajCOg  solution 
and  immerse  in  a  beaker  of  boiling  water  for  15  minutes.  This  is 
sufficient  to  develop  the  full  strength  of  the  color,  but  longer  heating 
does  no  harm.  Cool  and  with  water  dilute  the  standard  to  10  c.c.  and 
the  blood  tube  to  4,  10,  15  or  20,  depending  on  the  depth  of  color.  Now 
compare  in  the  colorimeter,  setting  the  standard  at  20  if  a  Duboseq  is 
used.  If  the  dilution  has  been,  made  to  10,  the  mgs.  of  dextrose  in 
100  c.c.  blood  can  be  read  directly  from  the  accompanying  table  IV 

TABLE  IV.     SUGAR  IN  BLOOD. 


Strength  of  Standard  200  mg.  per  1,000  c.c. 


Colorimeter  Reading 

Percentage  of  Sugar  in  Blood 

(Standard  set  at  20) 

7.0 

0.286 

7.5 

0.267 

8.0 

0.250 

8.5 

0.235 

9.0 

0.222 

10.0 

0.202 

11.0 

0.182 

12.0 

0.167 

13.0 

0.154 

14.0 

0.143 

15.0 

0.133 

16.0 

0.125 

17.0 

0.117 

18.0 

0.111 

19.0 

0.105 

20.0 

0.100 

21.0 

0.095 

22.0 

0.091 

23.0 

0.087 

24.0 

0.083 

25.0 

0.080 

26.0 

0.077 

27.0 

0.074 

28.0 

0.071 

29.0 

0.069 

30.0 

0.067 

31.0 

0.064 

(Hulton-Frankel).  When  the  standard  is  set  at  10  mm.  a  blood  con- 
taining 0.1  per  cent,  of  dextrose  manipulated  as  above  with  dilution 
to  10  c.c.  will;match  at  10  mm.,  since  the  3  c.e.  of  filtrate  employed  are 
the  equivalent  of  0.6  c.c.  of  blood  and  the  standard  contained  0.6  mgs. 
dextrose. 

If  the  Hellige  colorimeter  is  used  with  a  wedge  of  standard  picramic 
acid,  the  latter  is  prepared  by  dissolving  0.10  gram  of  picramic  acid 
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and  0.2  gram  of  anhydrous  NaaCOj  in  30  e.c.  warm  distilled  water  and 
final  dilution  to  1  liter.  The  scale  is  read  most  accurately  between  40 
and  65.  This  would  require  with  normal  blood  a  dilution  to  10  c.c.  If 
the  standard  Hellige  instrument  is  used  with  the  zero  at  the  top  of  the 
scale,  the  value  of  the  colorimeter  reading  in  per  cent,  of  blood  sugar 
may  be  obtained  by  subtracting  the  colorimetric  reading  from  100  and 
multiplying  by  the  factor  0.002  if  the  dilution  was  to  10  c.c. ;  by  0.003 
if  the  dilution  was  to  15  c.c.  and  so  on. 

When  the  Duboscq  is  used  the  following  formula  may  be  used : 

DxOl 

Grams  of  dextrose  in  100  c.c.  blood  = — — 

E 

where  D  represents  the  dilution  and  R  the  colorimeter  reading,  the 
standard  being  at  10  mm. 

Determination  of  uric  acid  in  blood.  Benedict's  modification  of 
Polin-Denis  method.  (Benedict:  Jour.  Biol.  Chem.,  1915,  20,  p.  629. 
Meyers  and  Fine:  Arch.  Int.  Med.,  17,  p.  573,  1916.) 

Principle.  10  c.c.  or  20  c.c.  of  blood  are  coagulated  by  adding  to 
boiling  acetic  acid.  The  filtrate  is  concentrated  and  the  uric  acid  deter- 
mined by  development  of  color  in  the  Pol  in  reagent  of  phosphotunstate. 

Solutions  needed: 

1.  Alumina  cream.  (15  c.c.  needed  for  determination.)  See  fur- 
ther on. 

2.  Ammoniacal  silver  solution.     (For  preparation,  see  further  on.) 

3.  KCN  5  per  cent. 

4.  NaaCOj  (22  per  cent.).    Saturated  solution. 

5.  Uric  acid  reagent.    Preparation  is  given  at  the  end. 

6.  Standard  uric  acid.  5  c.c.  contain  1  mg.  uric  acid.  Preparation 
described  at  end  of  this  method. 

Apparatus: 

1.  Colorimeter. 

2.  Centrifuge. 

Method.  10  c.c.  (or  20  c.c.)  oxalated  blood  are  brought  into  a  cas- 
serole of  375  c.c.  capacity  and  50  e.c.  (or  100  c.c.)  .O.OIN  acetic  acid 
added.  Heat  on  water  bath  and  bring  to  boil  over  free  flame,  stirring 
continuously.  Add  4  c.c.  of  fairly  thick  alumina  cream  (made  by  pre- 
cipitating 8  per  cent,  solution  of  aluminum  acetate  in  acetic  acid  with 
sodium  bicarbonate,  washing  by  decantation  with  large  volume  of  water 
repeatedly).  Stir  continuously  and  from  time  to  time  wash  down  sides 
of  casserole  with  water.  Pilter  through  hardened  filter  paper.  Coagu- 
lum  is  returned  to  casserole  with  about  150  c.c.  hot  water,  heated  and 
filtered  through  same  paper.  Combined  filtrates  are  evaporated  to  1  or 
2  c.c.  (should  be  protein  free)  (final  evaporation  in  small  flask  or' 
beaker)  and  transferred  to  15  c.c.  conical  centrifuge  tube,  washing  with  2 
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or  3  portions  of  hot  water  but  keeping  volume  at  or  below  10  c.c.  Add 
about  15  drops  ammoniacal-silver  magnesium  mixture.  (This  is  made 
by  mixing  70  c.c,  3  per  cent.  AgNOa,  30  c.c.  magnesia  mixture,  and  100 
c.c.  concentrated  ammonia.  Filter  if  necessary.  Magnesium  mixture  is 
prepared  by  dissolving  35  grams  MgSOt  and  70  gms.  NH^Cl  in  280  c.c. 
HjO  and  adding  140  c.c.  con.  NH^OH.)  Stir,  place  in  refrigerator  for  15 
minutes  to  allow  precipitation  of  purines.  Centrifuge.  Decant  super- 
natant liquid  and  allow  to  drain  in  inverted  position  about  5  minutes. 
Tip  of  the  tube  is  wiped  with  filter  paper  and  allow  NHg  to  evaporate. 

For  development  of  color  prepare  a  100  c.c.  graduated  cylinder  for 
the  standard  and  a  50  c.c.  cylinder  for  the  unknown.  5  c.c.  of  the  uric 
acid  standard  (5  c.c.  =  1  mg.  uric  acid)  are  pipetted  into  the  100  c.c. 
cylinder.  To  the  standard  are  added  2  drops  of  5  per  cent.  KCN,  2  c.c. 
of  uric  acid  reagent,  20  c.c.  of  saturated  NaaCOg  (22  per  cent.)  and  in 
about  1  minute  "syater  to  the  100  mark.  The  precipitate  in  the  centrifuge 
tube  is  stirred  with  1  or  2  drops  of  KCN,  2  c.c.  of  the  uric  acid  reagent 
.added,  stirred,  and  15  or  20  c.c.  of  saturated  Na^COj,  depending  on  the 
amount  of  ppt.  and  whether  the  color  is  subsequently  diluted  to  50  or 
100  c.c.  After  40  to  60  seconds  transfer  to  50  c.c.  or  100  c.c.  cylinder, 
dilute  with  water  until  the  intensity  of  color  is  Similar  to  the  standard 
and  then  match  in  the  Duboscq  colorimeter.  It  is  necessary  to  note  to 
what  point  the  unknown  has  been  diluted. 

Computation.  The  amount  of  uric  acid  in  10  c.c.  of  blood,  if  the 
standard  is  100  c.c.  and  the  blood  has  been  diluted  to  50  c.c.  and  the 
reading  of  the  unknown  is  the  same  as  the  standard,  would  be  1  mg. 
X  50/100  or  0.5  mg.  100  c.c.  blood  would  contain  5  mgs.  If  it  were 
diluted  to  100  c.c.  it  would  contain  1  mg.  in  10  c.c.  or  10  mgs.  in  100. 

Beadinsr  of  standard       50  or  100 

Mgs.  per  100  c.c.  blood  =  ^     ■ X  — niS X  ^° 

Beading  of  unknown  100 

If  standard  is  made  to  50  cc,  10  or  20  c.c.  blood  taken  and  final  dilution 
to  25  or  50  c.c.  the  mgs.  uric  acid  in  100  c.c.  blood  may  be  read  directly 
from  table  VII.     (Hulton-Frankel.) 

Standard  uric  acid.  9  gms.  crystalline  HNajPOi  and  1  gm.  H2NaP04 
are  dissolved  in  250  to  300  c.c.  hot  water.  Filter  and  make  up  to  about 
500  c.c.  with  water.  Pour  this  warm,  clear  solution  on  200  mgs.  uric 
acid  suspended  in  a  little  water  in  a  liter  volumetric  flask.  Agitate 
until  completely  dissolved.  Add  at  once  exactly  1.4  c.c.  glacial  acetic 
acid.  Make  up  to  1  liter  with  water  and  add  5  c.c.  chloroform.  5  c.c. 
of  this  solution  contain  1  mg.  uric  acid.  Solution  should  be  freshly, 
prepared  every  2  months. 

Uric  acid  reagrewi  (Benedict's  modification  of  Folin  and  Denis). 
Boil  100  gms.  sodium  tungstate,  20  c.c.  concentrated  HCl  and  30  cc. 
85  per  cent,  phosphoric  acid  in  750  c.c.  distilled  water  for  two  hours, 
preferably  under  reflux  condenser.    Make  up  to  1  liter  with  water. 
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TABLE  Vll.    URIC  ACID. 

Standard  set 

at  20. 

Dilution  of  unknown 

25     50 

50     100 

25 

Volume  of  blood 

10     20 

10     20 

20 

Colorimeter  reading 

10.0 

10.00 

20.00 

5.00 

10.5 

9.50 

19.00 

4.70 

11.0 

9.10 

18.20 

4.50 

11.5 

8.70 

17.40 

4.30 

12.0 

8.30 

16.70 

4.10 

12.5 

8.00 

16.00 

4.00 

13.0 

7.70 

15.40 

3.80 

13.5 

7.40 

14.80 

3.70 

14.0 

7.10 

14.30 

3.50 

14.5 

6.90 

13.80 

3.40 

15.0 

6.70 

13.30 

3.30 

15.5 

6.40 

12.90 

3.5:0 

16.0 

6.20 

12.50 

3.10 

16.5 

6.00 

12.10 

3.00 

17.0 

5.87 

11.75 

2.90 

17.5 

5.70 

11.40 

2.80 

18.0 

5.55 

11.10 

2.75 

18.5 

5.40 

10.80 

2.70 

19.0 

5.20 

10.50 

2.60 

19.5 

5.12 

10.25 

2.55 

20.0 

5.00 

10.00 

2.50 

21.0 

4.70 

9.50 

2.30 

22.0 

4.50 

9.10 

2.20 

23.0 

4.30 

8.70 

2.10 

24.0 

4.10 

8.30 

2.05 

25.0 

4.00 

8.00 

2.00 

26.0 

3.80 

7.70 

1.90 

27.0 

3.70 

7.40 

1.85 

28.0 

3.60 

7.10 

1.80 

29.0 

3.40 

.690 

1.70 

30.0 

3.30 

6.70 

1.60 

i  1 


Determination  of  urea  in  blood.  Van  Slyke  modification  of  the 
Marshall  method.  (Van  Slyke  and  CuUen:  Jour.  Biol.  CJiem.,  1914,  19, 
p.  211.) 

Principle.  Urea  in  blood  is  converted  into  ammonia  by  urease,  the 
ammonia  aerated  into  acid  and  the  ammonia  determined  by  titration. 

Solutions  needed: 

1.  Jack  bean  powder,  urease,  or  urease  solution  prepared  according 
to  Folin  and  Wu. 

2.  Methyl  red,  0.1  per  cent. ;  methylene  blue,  0.1  per  cent. 

3.  Standard  acid  and  alkali  O.OIN  HCl  and  NaOH ;  0.05N  HCl  and 
NaOH. 

4.  10  per  cent.  NajCOj  solution. 
Appwratus: 

1.  Suction  or  blast  for  aeration. 

2.  Test-tubes  with  tops  for  aeration,  as  in  figure,  page  1082. 
Measure  with  Ostwald  pipette  2  c.c.  of  oxalate  blood  (see 
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page  1007)  into  a  75  c.c.  hard  glass  (Pyrex)  test-tube  which  has  been 
previously  thoroughly  washed  with  nitric  acid  to  remove  any  mercury, 
or  other  toxic  metal,  and  then  rinsed  in  water.  Dilute  with  water  to 
10  c.c,  add  1  gram  Jack  bean  powder,  or  25  mgs.  pure  urease  (or  1  c.c. 
of  urease  solution  of  Folin  and  Wu,  page  1014).  Add  2  drops  buffer 
(page  1014).  Place  in  water  bath  at  40°  to  50°  C.  for  10  minutes  to  con- 
vert urea  to  ammonia..  Connect  up  the  tube  as  shown  in  figure  69B  for 
aeration  and  aerate  the  ammonia  into  10  c.c.  of  O.OIN  HCl  or  H2SO4.  In 
case  of  uremic  bloods  use  10  c.c.  of  0.05N  acid.  2  drops  of  methyl  red  are 
added  to  the  acid.  To  prevent  foaming  add  to  the  blood  1  c.c.  of  tur- 
pentine containing  20  per  cent,  turpentine  resin,  or  capryllic  alcohol  or 
kerosene.  Aerate  with  a  rapid  current  of  air  for  20  minutes  or  more. 
Towards  the  end  of  the  aeration  add  to  the  blood  enough  10  per  cent. 
NajCOj  solution  to  make  the  blood  alkaline.    This  will  free  the  last  trace 

TABLE  V.    UREA. 


10  c.c.  Acid  N/100 

2  c.c. 

Blood 

Mg. 

Urea  per  100  c.c.  of  Blood 

O.OIN 'NaOH 

0.0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

0    

150.0 

135.0 

120.0 

105.0 

00.0 

75.0 

60.0 

45.0 

30.0 

15.0 

148.5 

133.5 

118.5 

103.5 

88.5 

73.5 

58.5 

43.5 

28.5 

13.5 

147.0 

132.0 

117.0 

102.0 

87.0 

72.0 

57.0 

42.0 

27.0 

12.0 

145.5 

lbO.5 

115.5 

100.5 

85.5 

70.5 

55.5 

40.5 

25.5 

10.5 

144.0 

129.0 

114.0 

99,0 

84.0 

69.0 

54.0 

39.0 

24.0 

9.0 

142.5 

127.5 

112.5 

97.5 

82.5 

67.5 

52.5 

37.5 

22.5 

7.5 

141.0 

126.0 

111.0 

96.0 

81.0 

66.0 

51.0 

36.0 

21.0 

6,0 

139.5 

124.5 

109.5 

94.5 

79.5 

64.5 

49.5 

34.5 

19.5 

4.5 

138.0 

123.0 

108.0 

93.0 

78.0 

63.0 

48.0 

33.0 

18.0 

3.0 

136.5 

1    

121.5 

2    

3    

106,5 
91.5 

4    

5    

6    

76.5 
61.5 
46.5 

7    

8    

31.5 
16.5 

9    

1.5 

of  ammonia.  At  the  end  of  the  aeration  disconnect,  add  to  the  aeid  a 
drop  of  methylene  blue  solution  and  titrate  with  O.OIN  or  0.05N  NaOH, 
depending  on  which  strength  of  acid  had  been  placed  in  the  receiving 
flask.    The  end  point  is  shown  by  change  from  purple  to  green. 

Computation.  Read  from  Table  V  or  Table  VI  the  mgs.  of  urea  N 
per  100  c.c.  blood  corresponding  to  the  c.c.  of  O.OIN  or  0.05N  NaOH 
used  to  titrate  the  excess  of  acid.  The  computation  is  made  in  the  same 
manner  as  in  total  non-protein  N  on  page  1025. 

Nessler  reagent.  Modified  according  to  Myers  and  Pine  for  urea. 
{Arch.  Int.  Med.,  17,  p.  574,  1916.) 

Place  100  gms.  mercuric  iodide  and  50  gms.  KI,  both  finely  pow- 
dered, in  a  1  liter  flask  (volumetric)  and  add  about  400  c.c.  water. 
Dissolve  200  gms.  KOH  in  about  500  c.c.  water,  cool  thoroughly  and 
add  with  constant  shaking  to  the  mixture  in  the  flask  and  then  make  up 
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to  the  mark  with  water.  This  usually  becomes  perfectly  clear.  Keep 
at  body  temperature  over  night  or  until  the  yellowish-white  precipitate 
which  may  settle  out  is  thoroughly  dissolved  and  only  a  small  amount 
of  dark  brownish  red  precipitate  remains.  The  solution  is  now  ready 
to  be  siphoned  off  and  used.  In  using  this  take  10  c.c.  of  this  solution, 
dilute  about  five  times  with  water  and  add  20  to  25  c.c.  of  the  diluted 

TABLE  VI.    UREA. 


100  c.c.  N/20  Acid 


2  c.c.  Blood 


Mg.  Urea  per  100  c.c.  of  Blood 


0.0 

0.1 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

0    

750.0 
675.0 
600.0 
525.0 
450.0 
375.0 
300.0 
225.0 
150.0 
75.0 

742.5 
667.5 
592.5 
517.5 
442.5 
.367.5 
292.5 
217.5 
142.5 
67.5 

735.0 
660.0 
585.0 
510.0 
435.0 
360.0 
285.0 
210.0 
1.35.0 
60.0 

727.5 
652.5 
577.5 
502.5 
427.5 
352.5 
277.5 
202.5 
127.5 
52.5 

720.0 
645.0 
570.0 
4'95.0 
420.0 
345.0 
270.0 
195.0 
120.0 
4-5.0 

712.5 
637.5 
562,5 
487.5 
412.5 
337.5 
262.5 
187.5 
112.5 
37.5 

705.0 
630.0 
r)55.0 
480.0 
405.0 
.330.0 
255.0 
180.0 
105.0 
30.0 

697.5 
622.5 
547.5 
472.5 
.397.5 
,322.5 
247.5 
172.5 
97.5 
22.5 

690.0 
C17.0 
540.0 
465.0 
390.0 
315.0 
240.0 
165.0 
90.0 
15.0 

682.5 

1  

609.5 

2    

532.5 

3    

457.5 

4    

382.5 

5    

307.5 

6    

242.5 

7    

155.5 

8    

82.5 

9    

7.5 

solution  to  the  standard  ammonium  sulphate,  the  whole  being  diluted 
to  100  c.c.  later  with  water.  This  is  for  use  in  the  urea  determination 
in  blood  by  the  Marshall  and  Van  Slyke  method  where  the  ammonia  is 
Nesslerized  instead  of  being  titrated. 

Experiment  205.  Chlorides  in  blood  plasma.  Microchemical 
method  of  McLean  and  Van  Slyke.  Jour.  Biol.  Chem.,  21,  1915,  p.  361, 
corrected  and  modified  by  Van  Slyke  and  Donleavy :  Jour.  Biol.  Chem., 
37,  1919,  p.  551.) 

Principle.  The  chlorides  of  oxalate  plasma  are  precipitated  by 
standard  silver  nitrate  and  excess  of  silver  nitrate  is  titrated  by  iodide 
and  starch. 

Reagents  and  apparatus: 

1.  Standard  silver  nitrate.  Solution  contains  per  liter  5.812  grams 
pure,  fused  AgNOj ;  250  c.c.  HNO3  (sp.  gr.  1.42)  ;  and  7.5  grams  of  pure 
picric  acid.  The  silver  nitrate  must  be  accurately  weighed.  This  pre- 
cipitates both  proteins  and  chlorides. 

2.  Starch-citrate-nitrite  solution.  Dissolve  2.5  grams  of  soluble 
starch  in  about  500  c.c.  boiling  water,  add  446  grams  of  crystalline 
sodium  citrate  (Na5CeH507.5y2H!20)  and  20  grams  of  sodium  nitrite 
after  the  starch  solution  has  been  boiled  for  several  minutes.  When  all 
is  dissolved  cool  the  flask,  transfer  to  a  volumetric,  1  liter  flask,  and 
make  up  to  the  mark  by  the  addition  of  distilled  water.    4  c.c.  of  this 
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solution  contain  enough  citrate  to  react  with  the  acid  of  1  c.e.  of  HNO3 
of  a  sp.  gr.  1.42,  so  that  the  resulting  solution  will  have  the  optimum 
acidity  for  the  production  of  the  blue  color  with  starch  and  iodine.  If 
ordinary  starch  is  used  instead  of  the  soluble  variety  it  should  be  boiled 
for  one  hour  before  adding  the  other  constituents. 

3.  KI  solution.  This  is  an  M/73.1  solution  of  KI.  1  c.c.  of  it  is 
equivalent  to  0.8  mgs.  of  NaCl.  It  is  standardized  so  that  2.5  e.c.  is 
equivalent  to  1  c.c.  of  the  AgNOj  solution.  The  solution  must  contain 
2.27  grams  KI  per  liter.  To  make  it,  weigh  out  about  2.4  grams  of  KI 
and  add  nearly  a  liter  of  water.  Standardize  it  against  the  AgNOg 
solution  and  dilute  it  so  that  2.5  c.c.  are  just  equivalent  to  1  c.c.  of  the 
AgNOg.  To  make  this  standardization  take  5  c.c.  of  the  AgNO,,  solution 
measured  with  a  5  c.c.  standardized  pipette  (the  pipette  should  have  an 
error  not  greater  than  0.01  c.c.  That  is,  it  delivers  4.97  grams  of  pure 
water  at  20  degrees  C.)  into  a  small  Erlenmeyer  flask  (50  c.c).  Add 
5  c.e.  of  the  starch  citrate  solution  and  5  c.c.  of  distilled  water.  Now 
run  in  the  KI  solution  from  a  burette  until  a  permanent  faint  but  un- 
doubted blue  end  point  is  reached.  The  amount  required  when  the 
solution  is  accurately  made  up  and  diluted  should  be  12.65  e.c,  12.50  c.c. 
being  required  to  precipitate  the  standard  silver  nitrate  and  0.15  c.c.  to 
give  the  blue  end  point  with  the  starch. 

Method.  5  c.c.-lO  c.c.  blood  is  drawn,  as  described  on  page  1007,  and 
mixed  with  powdered  potassium  oxalate  to  prevent  clotting.  Centri- 
fuged  until  a  clear  plasma  is  obtained.  2  c.c  oxalate  or  citrate  plasma 
are  drawn  into  a  dry  Ostwald  pipette  calibrated  to  contain  2  c.c.  ±  .005. 
(The  pipette  must  be  calibrated  before  using.  It  must  weigh  1.994  i 
.005  gm.  more  when  filled  with  water  at  20  C.  than  when  dry  and 
empty.)  Transfer  the  2  c.c.  plasma  to  a  50  c.c.  volumetric  flask 
(calibrated)  half  full  of  distilled  water,  and  the  pipette  is  rinsed  by 
drawing  the  water  up  into  the  pipette  and  re-expelling  it  once  or  twice. 
10  c.c.  of  standard  silver  nitrate-picric  acid  mixture  are  accurately 
measured  with  a  volumetric  calibrated  pipette  into  the  flask  and  the 
mixture  is  diluted  to  the  50  c.c.  mark  and  shaken  at  intervals  for  several 
minutes  until  the  coagulation  of  the  precipitate  is  complete  and  it  settles 
clear.  The  addition  of  a  drop  or  two  of  capryillic  alcohol  prevents 
foaming  and  facilitates  coagulation.  Filter  solution  through  a  dry, 
chloride-free  filter  paper.  Pour  back  the  first  filtrate  until  it  is  per- 
fectly clear.  20  e.c.  duplicate  portions  of  the  filtrate  are  measured  with 
a  calibrated  pipette  into  100  c.c  Erlenmeyer  flasks,  4  c.c.  of  the  starch 
citrate  indicator  are  added  to  each  and  the  standard  KI  is  run  in  from 
a  burette  until  a  permanent  blue  end  point  is  reached.  The  titration 
goes  best  if  performed  over  a  sheet  of  light  yellow  paper  lying  on  the 
table  under  the  burette.    If  the  KI  is  run  in  fast  a  false  end  point 
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will  be  obtained,  the  blue  color  fading  after  a  time.  The  true  end  point, 
when  reached,  does  not  fade  but  deepens  slightly.  If  the  KI  is  run  in 
slowly  the  color  disappears  after  each  drop  until  the  end  point  is 
reached.  If  it  is  desirable  to  use  less  than  2  c.c.  of  plasma,  1  c.e.  meas- 
ured within  ±  0.002  c.c.  may  be  precipitated  with  5  c.c.  of  standard 
silver  solution  and  diluted  to  25  c.c.  instead  of  50  c.c.  This  will  yield 
one  20  c.c.  portion  instead  of  duplicates. 

Computation.  1  c.c.  of  the  KI  solution  is  equivalent  to  0.8  mgs.  of 
NaCl.  Since  2  c.c.  plasma  were  taken,  diluted  to  50  c.c.  and  20  c.c.  of 
filtrate  used  for  analysis,  the  filtrate  taken  corresponded  to  0.8  c.c.  of 
plasma.  10  c.c.  of  AgNOg  solution  were  taken.  This  corresponds  to 
25  c.c.  of  the  KI  solution.  2/5  were  taken  for  titration,  corresponding 
to  10  c.c.  KI  if  none  had  been  precipitated.  Consequently,  subtract 
from  10.15  the  number  of  c.c.  taken  of  the  KI  to  give  the  blue  color. 
This  gives  the  mgs.  NaCl  in  1  c.c.  of  plasma  or  grams  NaCl  in  1  liter 
of  plasma. 

Example.  Suppose  4.35  c.e.  KI  were  needed  to  give  the  end  point, 
.  ■ .  10.15  —  4.35  =  5.80  mgs.  NaCl  per  c.c.  plasma.  Normal  human 
plasma  contains  between  5.50-6.0  grams  NaCl  per  liter. 

The  normal  chloride  "  threshold  level  "  of  McLean  is  5.62  grams 
of  NaCl  per  liter  and  the  significant  figure  is  the  difference  between  this 
and  the  results  obtained.  Hence  the  necessity  of  the  extreme  accuracy 
and  the  use  of  calibrated  apparatus.  (McLean :  Jour.  Expt.  Med.,  1915, 
22,  pp.  212  and  366.)    Errors  of  more  than  0.10  gram  are  undesirable. 

Experiment  206.  Determination  of  chlorides  in  whole  blood. 
(Austin  and  Van  Slyke:  Jour.  Biol.  Chem.,  41,  1920,  p.  345.) 

Principle.  Same  as  in  determination  of  chlorides  in  plasma,  see 
experiment  205,  except  that  whole  blood  is  taken  and  laked. 

Solutions  needed: 

1.  Standard  silver  nitrate:  Same  as  in  plasma  method,  except  that 
picric  acid  is  eliminated. 

2.  Standard  KI  solution  same  as  in  plasma  method. 

3.  Citrate-starch-nitrite  mixture :  Same  as  in  plasma  method. 

4.  Saturated  solution  of  picric  acid. 

Method.  Measure  accurately  3  c.c.  of  oxalated  blood  (see  page  1007) 
into  a  60  c.c.  volumetric  flask.  If  a  60  c.c.  flask  is  not  procurable  use 
a  100  c.c.  Florence  flask  and  add  from  a  burette  exactly  27  c.c.  water 
to  lake  the  blood,  and  then  30  c.c.  of  saturated  picric  acid  solution. 
Mix  contents  and  after  10  minutes  filter  through  a  dry  filter  paper. 
The  picric  acid  precipitates  the  proteins.  To  40  c.c.  of  the  filtrate  add 
10  c.c.  of  the  standard  silver  nitrate  solution  and  2  dops  of  capryllic 
alcohol  or  other  anti-foaming  solution.  Mix  the  solutions  thoroughly 
and  allow  them  to  stand  in  the  dark  over  night  for  the  AgCl  to  separate 
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and  give  a  clear  solution.  Decant  the  clear  supernatant  liquid  through 
a  dry,  chloride  free  filter  paper.  20  c.c.  of  the  filtrate  are  titrated,  as  in 
the  preceding  method,  with  the  standard  KI  to  permanent  blue  iodide 
color. 

Computation.  Since  the  20  c.c.  of  the  filtrate  represent,  as  before, 
0.8  c.c.  of  blood  the  calculation  is  the  same  as  before,  namely, 

10.15  —  c.c.  of  KI  used  =  mgs.  NaCl  in  1  c.c.  of  whole  blood. 

Ox  blood  contains  4.53  mgs.  in  1  gram  of  blood. 

Experiment  207.  Determination  of  Mg  in  blood.  (Method  of 
Denis:  Jour.  Biol.  Chem.,  41,  p.  363,  1920.) 

Principle.  This  method  is  used  in  conjunction  with  Lyman 's  method 
for  the  determination  of  Ca  in  the  blood.  See  page  1039.  The  organic 
material  in  the  filtrate  from  the  calcium  precipitation  is  removed,  the 
magnesium  is  precipitated  as  magnesium  ammonium  phosphate,  and 
the  phosphate  in  this  compound  is  determined  nephelometrically  by  the 
reagent  of  Pouget  and  Chouchak,  Bull.  Soc.  Chem.,  1909,  Vol.  5,  p.  104. 
Normal  blood  contains  1.6-3.5  mgs.  Mg  in  100  c.c. 

Method.  5  c.c.  of  the  citrated  plasma  or  whole  blood,  as  the  case 
may  be  (for  preparing  citrated  blood,  see  page  520),  are  measured 
accurately  with  an  Ostwald  pipette  into  15  c.c.  of  6.5  per  cent,  tri- 
chloracetic acid  solution  in  a  25  or  50  c.c.  Florence  flask.  The  flask 
is  stoppered  and  shaken  so  as  to  mix  thoroughly  and  hasten  flocculation 
and  is  then  allowed  to  stand  for  at  least  30  minutes  and  is  then  filtered 
through  a  dry  filter  which  is  free  from  salts.  10  c.c.  of  the  filtrate, 
which  is  equivalent  to  2.5  c.c.  of  the  blood  or  plasma,  are  taken  for  the 
determination  of  the  calcium  by  the  method  of  Lyman.  The  calcium 
is  precipitated  by  the  method  of  Lyman — experiment  208.  The  crystals 
of  calcium  oxalate  are  collected  by  centrifuging  the  blood  in  a  small 
centrifuge  tube.  The  supernatant  liquid  is  decanted  or  removed  by  a 
small  siphon  into  a  flat-bottomed  platinum  dish,  and  the  washings  of 
the  precipitate  made  by  adding  5  c.c.  ammonium  oxalate  solution,  stir- 
iring  the  crystals  and  recentrifuging,  this  befing  repeated  twice,  are 
added  to  the  dish.  3  c.c.  of  10  per  cent.  H2SO4  is  then  added  and  the 
whole  evaporated  to  dryness  on  the  water  bath;  the  residue  is  ignited 
over  a  free  flame  for  2-3  minutes  until  it  is  white.  When  cool  the  white 
residue  is  dissolved  in  about  5  c.c.  of  distilled  water  and  10  per  cent. 
HCl  is  added  drop  by  drop  until  the  solution  of  the  ash  is  acid  to  methyl 
orange.  The  solution  is  then  transferred  without  loss  to  a  100  c.c. 
beaker  and  the  platinum  dish  carefully  washed  with  distilled  water, 
collecting  the  washings  in  the  beaker.  The  solution  in  the  beaker  is 
then  evaporated  on  the  water  bath  to  a  volume  of  2  to  3  c.c. ;  concen- 
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trated  NH^OH  is  then  added  drop  by  drop  until  the  solution  is  alkaline 
and  finally  0.5  c.c.  of  10  per  cent,  ammonium  phosphate  solution,  con- 
taining 50  e.e.  concentrated  ammonia  per  liter  is  added.  The  beaker  is 
then  covered  with  a  watch  glass  and  allowed  to  stand  over  night.  The 
next  day  the  liquid  and  precipitate  is  poured  into  a  conical  centrifuge 
tube  and  the  last  traces  of  the  precipitate  are  carried  into  the  tube  by 
washing  the  beaker  with  20  per  cent,  alcohol  containing  50  c.c.  NH4OH 
(concentrated)  per  liter.  After  centrifuging  until  the  precipitate  is 
thoroughly  packed  the  supernatant  liquid  is  removed  by  a  small  siphon, 
and  the  beaker  and  tube  again  washed  with  about  10  c.c.  alcohol  am- 
monia mixture,  the  precipitate  being  stirred  up  with  a  very  fine  (2  mm.) 
stirring  rod.  The  washing  should  be  repeated  with  centrifuging  be- 
tween three  times.  (This  part  of  the  determination  is  identical  with 
the  method  of  Marriott  and  Howland :  J.  Biol.  Chem.,  32,  1917,  p.  233.) 
This  is  a  most  important  part  of  procedure. 

Determination  of  tJie  phosphate  in  the  precipitate.  After  removal 
of  the  last  washings,  the  tube  and  beaker  are  allowed  to  stand  until  the 
ammonia  has  evaporated,  preferably  on  the  water  bath.  The  NH4MgP04 
is  then  dissolved  in  10  c.c.  of  0.1  N  HCl  and  transferred  without  loss 
to  a  100  c.c.  volumetric  flask,  the  tube  and  beaker  being  washed  carefully 
with  distilled  water,  the  washings  being  added  to  the  flask.  The  flask  is 
filled  to  the  mark  with  distilled  water,  stoppered,  mixed  by  inverting 
several  times,  and  the  phosphate  determined  by  adding  the  strychnine- 
molybdate  reagent  of  Bloor  (Bloor:  Jour.  Biol.  Chem.,  1918,  36,  p.  34). 

Nephelometry.  For  normal  plasma  25  c.c.  of  foregoing  solution  is 
usually  the  most  convenient.  Transfer  then  25  c.c.  by  means  of  an 
accurate  pipette  from  the  100  c.c.  flask  to  another  100  c.c.  flask.  Add 
25  c.c.  of  distilled  water,  and  then  25  c.c.  of  the  strychnine  molybdate 
solution,  stopper  the  flask  and  mix.  Meanwhile  there  should  have  been 
prepared  the  comparison  standard  flask.  Into  another  100  c.c.  volu- 
metric flask  measure  accurately  by  a  pipette  5  c.c.  containing  0.01  mg. 
Mg  in  the  form  of  ammonium  magnesium  phosphate  dissolved  in  hydro- 
chloric acid,  from  the  diluted  standard  solution  mentioned  below,  add 
45  c.c.  distilled  water  and  then  25  c.c.  of  strychnine  molybdate  reagent. 
Mix.  This  solution  should  be  made  and  the  molybdate  added  to  it  at 
the  same  time  as  the  unknown.  Allow  both  solutions  to  stand  for  5 
minutes  after  mixing  and  then  read  the  unknown  in  the  nephelometer 
against  the  standard. 

Calculation  of  results.  The  magnesium  has  been  precipitated  from 
2.5  c.c.  of  blood.  l/4th  of  this  amount  was  taken,  corresponding  to 
0.625  c.c.  of  blood.  If  this  reads  the  same  as  the  standard  which  has 
0.01  mg.  Mg,  then  the  blood  would  contain  in  100  c.c.  1.6  mgs.  Mg. 
The  amount  in  normal  blood  varies  from  1.6-3.5. 
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Keading  of  standard 

mgs.  Mg  in  100  c.c.  blood  = V  1-8 

Reading  of  unknown 

Standard  Mg  solution.  Dissolve  1.02  gram  pure  air  dried  NH4Mg 
PO1.6H2O  in  100  e.c.  N  HCl  and  dilute  to  1  liter  with  distilled  water. 
1  c.c.  of  this  solution  is  equivalent  to  0.10  mg.  of  magnesium.  To  make 
the  dilute  standard  take  2  e.c.  of  this  stock  solution  and  dilute  to  100  c.c. 
with  0.1  N  HCl.  5  c.c.  of  the  resulting  solution  contains  0.01  mg.  of 
magnesium. 

Strychnine-molybdate  reagent.  (Bloor:  J.  Biol.  Ghent.,  1918,  36, 
p.  34.) 

Experiment  208.  Determination  of  calcium  in  blood.  (Method  for 
urine,  see  page  1108.)     (Lyman:  Jour.  Biol.  Chem.,  29,  p.  169,  1917.) 

Principle.  Calcium  is  precipitated  as  calcium  oxalate,  redissolved  in 
dilute  acid,  and  reprecipitated  as  calcium  ricinate  and  determined  by 
comparison  with  the  cloud  formed  by  a  standard  calcium  solution  in 
a  nephelometer. 

Solutions  needed.  , 

1.  Ammonium  stearate  reagent.  Dissolve  4  gms.  stearic  acid  and 
0.5  oleic  acid  in  400  c.c.  of  hot  alcohol.  Add  20  gms.  ammonium  car- 
bonate dissolved  in  100  c.c.  hot  water  and  allow  mixture  to  boil  a  few 
moments.  Cool.  Add  400  e.c.  alcohol,  100  c.c.  water  and  2  c.c.  NH^OH 
,(sp.  gr.  0.9).  Filter.  Should  be  perfectly  clear  and  colorless.  Well 
stoppered  keeps  indefinitely.  Before  using,  test  as  follows :  Into  2  flasks 
pipette  respectively  10  and  5  c.c.  of  calcium  oxalate  standard  and  to  the 
5  c.c.  add  5  c.c.  of  HNO3,  0.05N.  Treat  both  with  25  c.c.  of  ammonium 
stearate  reagent  and  compare  in  nephelometer.  If  they  do  not  read 
exactly  2  to  1  there  is  impurity  in  some  of  the  chemicals.  Alcohol  used 
should  be  redistilled  over  calcium  carbonate.  Stearate  acid  recrystallized 
from  boiling  alcohol. 

2.  TricMoracetic  acid,  6.5  per  cent. 

3.  Nitric  acid,  O.IN  and  0.05N;  NEfiE,  2N  (13.5  c.c.  con.  made 
to  100.) 

4.  Methyl  oroMge,  0.1  per  cent.  (0.1  gm.  dissolved  in  10  c.c.  alcohol 
made  to  100  with  water) . 

5.  4  per  cent,  oxalic  acid  (1  c.c.  for  a  determination). 

6.  20  per  cent,  sodium  acetate  (1  c.c.  for  a  determination)...  .  2Q 
grams  crystallized  sodium  acetate  to  100  c.c.  of  water.        .       .    - ,   '    - 

7.  .5  per  cent,  ammonium  oxalate  (20  e.c.  for  a  determination).. ...,. 

8.  Staodard  calcium  oxalate  in  HNO3,  (0.0730.  gram  of  caicium 
oxalate  (CaC204.1H20)  in  25  e.c.  2N  HNO3,  made  to  1  liter  with.water.- 
Contains  0.2  mg,  Ca  in  10  c.c.  (10  c.c.  for  a  determination) , 

Apparatus: 

1.    Nephelometer.  .(Kaber;  J..jBjo?.  C^em.,  1917,.29,  p..i55.)';,..    ., 
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2.     Conical  centrifuge  tubes. 

Method.  10  e.e.  of  blood  filtrate  obtained  in  experiment  207  are 
pipetted  into  a  50  c.c.  Erlemeyer  flask.  Add  1  drop  0.1  per  cent,  methyl 
orange  and  then  2N  NH^OH  drop  by  drop  until  just  yellow.  Add 
0.05  N  HNO3  until  just  pink  and  then  I  c.c.  more.  Add  I  c.c.  4  per  cent, 
oxalic  acid.  Add  1  c.c.  sodium  acetate,  20  per  cent.,  drop  wise.  Cool 
under  tap  until  faint  cloud  appears.  Shake  10  minutes,  or  let  stand 
over  night  as  convenient.  Einse  stopper  with  few  drops  of  ammonium 
oxalate,  0.5  per  cent.,  pour  into  a  centrifuge  tube.  Centrifuge.  Pipette 
off  supernatant  liquid.  Rinse  flask  with  5  c.c.  ammonium  oxalate,  0.5 
per  cent.,  pour  into  centrifuge  tube,  stir,  rinse  rod  with  the  oxalate 
solution,  and  again  centrifuge.  Pipette  off  supernatant  liquid.  Dis- 
solve precipitate  in  5  c.c.  of  O.IN  nitric  acid  by  stirring,  and  pour  into 
original  flask.  Agitate  to  dissolve  any  precipitate  adhering  to  the  walls. 
Rinse  rod  and  centrifuge  tube  with  5  c.c.  of  water  and  pour  into  flask. 

Into  another  flask  of  about  100  c.c.  capacity,  pipette  20  c.c.  of  the 
standard  oxalate  solution.  Pipette  50  c.c.  and  25  c.c.  respectively  of  the ' 
ammonium  stearate  reagent  into  two  clean  dry  beakers.  Pour  the 
standard  solution  into  the  50  c.c.  of  the  reagent,  and  the  unknown  into 
the  25  C.C.,  and  pour  back  twice.  Stopper  and  let  stand  10  minutes. 
Set  left  side  of  nephelometer  at  32  mm.  Fill  both  tubes  with  standard 
and  compare  to  make  sure  both  are  the  same.  Replace  standard  on  left 
with  unknown  and  read.  Remove  any  bubbles  adhering  to  walls  of 
tubes. 

Computation.  If  the  unknown  is  set  at  32  mm.  and  the  standard  is 
read,  the  reading  divided  by  4  will  equal  the  number  of  mgs.  Ca  in 
100  c.c.  blood. 

Experiment  209.  Determination  of  sodium  and  potassium  in 
blood.— (Kramer:  J.  Biol.  Chem..,  41,  1920,  p.  263.) 

Both  sodium  and  potassium  may  be  determined  in  3  c.c.  of  serum 
with  an  error  of  ±  5  per  cent.  K  content  of  normal  human  serum 
varies  between  16  and  22  mgs.  per  100  c.c.  serum.  Na  content  has  been 
found  with  normal  children  and  adults  to  vary  between  280-310  mgs. 
per  100  c.c.  serum.  Blood  is  collected,  as  in  experiment  210,  over  am- 
monium oxalate  from  median  basilic  vein. 

MetJiod:  Potassium.  1  c.c.  of  blood,  3  to  5  c.c.  clear  plasma,  or  equal 
amount  of  serum  are  dried  in  a  platinum  dish  on  the  steam  bath,  then 
at  110°  for  one-half  hour.  The  dish  or  crucible  is  then  placed  in  a  flat 
bottom  quartz  dish  10  cm.  diameter  and  6  cm.  deep  in  which  have  been 
placed  some  pieces  of  porcelain.  Heat  outer  dish  with  low  flame  of 
Meeker  burner  until  fumes  begin  to  come  off,  and  continue  gentle  heat 
until  no  more  fumes,  then  hot  until  charred  material  is  immobile.  Cover 
the  large  dish  with  a  quartz  plate  and  continue  until  ashed.  If  coal 
remains,  dissolve  in  HCl,  concentrated,  evaporate  on  water  bath,  dry  at 
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105°  and  heat  until  white  ash.  Remove,  cool,  dissolve  ash  in  0.5  c.c. 
H2O  with  aid  of  1-2  drops  of  glacial  acetic  acid;  add  0.5  to  1.0  c.c. 
sodium  cobalti-nitrite  reagent  drop  by  drop,  stirring  and  allow  to 
stand  at  least  10  minutes.  Filter  through  Gooch  crucible  having  in 
bottom  a  piece  of  hardened  filter  paper  and  a  good  mat  of  well  washed 
asbestos  2  mm.  thick.  "Wash  with  water  and  transfer  precipitate  to 
Gooch,  wash.  The  precipitate  and  pad  are  transferred  to  50  c.c.  beaker, 
the  paper  removed  from  the  solution  by  forceps.  25  c.c.  O.OIN  potassium 
permanganate  and  5  c.c.  25  per  cent.  HjSO^  are  added,  heated  for  just 
3  minutes  on  steam  bath,  and  sufficient  O.OIN  oxalic  acid  added  from 
burette  to  decolorize  solution.  Titrate  back  by  O.OIN  potassium  per- 
manganate. Total  number  of  c.c.  of  KMn04  added  less  the  number  of 
c.c.  of  O.OIN  oxalic  acid  added,  multiplied  by  0.071,  gives  the  number  of 
mgs.  of  K  in  the  sample  analyzed.    Caution :  Remove  all  ammonia. 

Reagent: 

Sohitimi  A.  50  gms.  cobalt  nitrate  crystals  are  dissolved  in  100  c.c. 
water  and  to  this  solution  25  c.c.  of  glacial  acetic  acid  are  added. 

Solution  B.  50  gms.  sodium  nitrite  (potassium  free)  are  dissolved 
in  100  c.c.  water.  Mix  6  volumes  of  A  and  10  volumes  of  B.  Aerate 
solution  to  remove  all  nitric  oxide  gas.  Let  stand  in  ice  box  for  24  hours 
at  least.  Filter  before  using.  It  will  keep  for  at  least  a  month  in  the 
ice  box  and  often  longer.  For  quantities  between  1  to  3  mgs.  of 
potassium,  use  1  c.c.  reagent.    For  smaller  quantities  use  0.5  c.c. 

2.  25  per  cent.  H2SO4. 

3.  O.OIN  KMnOi  and  O.OIN  oxalic  acid. 

Sodium.  The  ash  of  1  or  2  c.c.  of  blood,  serum  or  plasma,  obtained 
as  described  in  the  potassium  method,  is  dissolved  in  water  in  a  platinum 
dish  using  0.5  c.c.  of  water  for  each  c.c.  of  serum,  plasma  or  blood.  If 
necessary  add  a  drop  or  two  of  N  HCl.  Make  slightly  alkaline  with 
freshly  prepared  KOH  solution,  10  per  cent.  15  c.c.  of  the  potassium 
pyroantimonate  reagent  and  one-fifth  of  the  entire  volume  of  absolute 
alcohol  are  then  added.  (Care  not  to  add  more  than  this  of  alcohol, 
as  some  of  reagent  will  be  precipitated.)  Precipitation  occurs  at  once. 
Stir.  Let  stand  two  hours  at  least,  filter  through  wet  asbestos  mat  in  a 
Gooch  crucible  previously  weighed.  "Wash  4  or  5  times  with  3  c.c.  por- 
tions of  30  per  cent,  alcohol,  dry  at  110°  C,  cool  in  dessicator  and  weigh. 
1  mg.  of  sodium  yields  11.08  mgs.  of  the  sodium  pyroantimonate 
(Na^H.Sb.O^GH.O). 

Ccmtion.  Ammonia  precipitates  the  reagent.  All  chemicals  must  be 
tested  for  ammonia  and  sodium,  particularly  the  KOH.    Run  a  blank. 

Reagents: 

i.  Potassium  pyroanimonate.  (J.  T.  Baker,  analyzed  C.P.  re- 
agent.) 2  gms.  of  the  powder  are  added  to  100  c.c.  boiling  water  in  a 
350  c.c.  pyrex  flask,  and  heating  continued  until  no  more  dissolves. 
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Cool  rapidly  under  tap,  and  3  e.c.  10  per  cent.  KOH  are  added,  stir  and 
filter.  The  clear  filtrate  is  the  reagent.  The  potassium  pyroantimonate 
need  be  weighed  only  roughly.    It  is  better  to  prepare  fresh  frequently. 

Experiment  210.  Determination  of  COj  in  blood.  The  alkali  re- 
serve. Macro  method.  (Van  Slyke  and  Cullen:  J.  B.  Chew,.,  30,  pp. 
289,  347,  1917.) 

Principle.  A  very  convenient  method  for  the  determination  of  car- 
bonate and  CO2  in  the  blood  is  that  of  van  Slyke  and  Cullen.  It  will 
be  recalled  (see  page  539)  that  the  principal  alkali  which  is  used  in  the 
neutralization  of  acid  in  the  body  is  bicarbonate  of  sodium.  In  all  eases 
in  which  there  is  a  production  of  non-volatile  acid,  that  is,  acid  which 
cannot  be  excreted  from  the  lungs  like  carbon  dioxide,  the  sodium  is 
drawn  away  from  the  sodium  bicarbonate  and  the  acid, — lactic,  sul- 
phuric, acetoacetic  or  other  acid, — is  excreted  with  the  sodium  through 
the  kidneys.  In  this  way  there  is  a  depletion  of  the  alkali  reserve  of 
the  body  and  such  a  depletion  is  a  sure  sign  that  there  has  been  an 
acidosis.    Normal  human  blood  plasma  contains  enough  bicarbonate  to 

RANGE  OF  RESULTS  OBTAINED  WITH  NORMAL  AND  PATHOLOGICAL 
PLASMAS.     Vom  Slyke,  et  al. 


Plasma  CO,  capacity 

Corresponding 
values  of  acid 

CoDdltlon  o(  subject 

Reading  of 

apparatus. 

Gas  from  1  c.c. 

plasma 

CO,  reduced  to  0°, 
760  mm.,   bound 

as  bicarbonate  by 
100  c.c.  plasma 

Index  of  urine 

Deviations 
of  +10  must  he 
"allowed  for. 

Normal     resting     adult,*     ex- 

c.c. 

0.90-0.65 

0.65-0.52 

0.52-0.41 

Below  0.41 

0.26 

e.c. 

77-53 

53-40 

40-30 

Below  30 

16 

3-27 

27-40 

40-50 

Over  50 

64 

Mild      acidosis.       No      visible 

Moderate    acidosis.     Symptoms 
may  be  aDuarent   

Severe  acidosis.     Symptoms  of 
acid  intoxication   

Lowest  COjj  observed  with  re- 
covery     

•Schloss  (Am.  J.  Dig.  Child.,  1917,  13,  p.  218)  finds  the  carbon  dioxide  bound 
by  the  plasma  of  normal  infants  to  he  46  to  63  c.c.  per  100  c.c.  of  plasma,  about 
10  c.c.  lower  than  in  adults.  Acid  index  of  urine,  see  Fitz,  Jour.  Biol.  Chent..  30, 
p.  389,  1917.  Plasma.  CO^  capacity  =  80  y|  ^"o.  D  is  rate  of  excretion  of  N/10 
NHj^  plus  acid  per  24  hours  time  unit:  W  is  body  weight;  C  the  N/10  NH  plus 
acid  per  liter.  Figures  from  the  acid  and  ammonia  of  urine  agree  closely'  with 
direct  determinations. 
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yield  65-90  c.c.  of  carbon  dioxide  gas,  when  the  latter  is  measured  at 
room  temperature  and  at  atmospheric  pressure,  per  100  c.c.  of  plasma. 
Ptactieally  all  of  this  bicarbonate  is  in  the  plsisma.  The  method  of  its 
determination  is  to  receive  the  blood  on  a  little  powdered  oxalate  of 
sodium  or  potassium,  about  20  mgs.  for  10  c.c.  of  blood.  The  blood  is 
centrifuged  to  remove  the  plasma.  The  oxalate  plasma  thus  obtained 
is  then  drawn  into  a  separatory  funnel  or  other  receiver  which  is  filled 
with  alveolar  air  by  expiring  through  it  so  as  to  displace  its  air  with 
expired  air.  The  plasma  is  then  rolled  around  the  sides  of  the  vessel 
in  order  that  it  may  saturate  itself  as  far  as  possible  with  bicarbonate 
when  exposed  to  this  amount  of  carbon  dioxide.  The  plasma  is  then 
measured  carefully  (1  c.c.)  into  the  apparatus  pictured,  acid  is  added  to 
liberate  the  COj  it  contains;  the  CO2  is  pumped  out  and  its  volume  is 
measured.  The  solution  is  shaken  at  room  temperature  in  the  evacuated 
space,  where  volume  relations  between  liquid  and  free  space  are  known, 
a  definite  proportion  of  the  gas  escapes  into  the  free  space  and  the 
residue  remaining  in  solution  is  calculated  from  its  solubility  coefScient. 
Sohitwns : 

1.  Caprylic  alcohol. 

2.  Ammonia  free  from  carbonate.  This  is  prepared  by  adding  a 
small  quantity  of  saturated  Ba(0H)2  to  ordinary  1  per  cent,  ammonia 
water.  BaCOg  is  filtered  off  and  an  excess  of  Ba  is  removed  by  pre- 
cipitating with  a  little  ammonium  sulphate. 

Apparatus.    Van  Slyke  CO2  apparatus.    See  figure  90. 

Method.  Draw  10  c.c.  of  blood  into,  a  centrifuge  tube  containing 
oxalate  and  paraffine  oil,  as  shown  in  Figure  1,  p.  1008,  and  centrifuge 
after  mixing  with  the  oxalate  until  a  clear  plasma  is  obtained.    Transfer 


Fig.  89. 
Fia.  89. — Separatory  funnel  arranged  for  alveolar  air.     (After  Van  Slyke.) 

about  5  c.c.  of  the  dear  plasma  into  a  clean  and  dry  separatory  funnel 
of  a  capacity  about  100  times  that  of  the  volume  of  plasma  taken,  in  this 
case  a  500  c.c.  separatory  funnel.  (See  Figure  89.)  Turn  the  sep- 
aratory funnel  on  its  side,  insert  in  the  path  of  the  alveolar  air  a  bottle 
filled  with  dry  glass  beads  to  collect  moisture,  and  after  inhaling  a  deep 
breath  exhale  through  the  funnel.    Repeat  two  or  three  times  until  the 
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air  has  been  replaced  by  alveolar  air.  Then  close  the  cocks  of  the  funnel 
and  rotate  the  funnel.  The  object  of  this  is  that  the  blood  may  saturate 
itself  with  COj  at  a  pressure  of  the  latter  equal  to  that  of  the  alveolar 
air  of  the  lungs.    Then  set  the  funnel  upright. 

Preparation  of  the  mercury  pump.    Shown  in  Figure  90. 


PoMtibnl 


FlQ.  90. 
Fig.  00. — Van  Slyke  macro  carbon  dioxide  apparatus.     (After  Van  Slyke.) 

The  mercury  pump  has  the  cocks  held  in  place  by  rubber  bands.  Lift 
bulb  to  position  1  and  completely  fill  the  pump  and  the  capillaries 
about  e  with  mercury.  Test  the  pump  now  to  see  if  free  from  air.  With 
e  turned  at  right  angles  and  /  as  shown  lower  bulb  to  position  3.  Tor- 
ricellian vacuum  is  produced,  the  mercury  falling  to  the  middle  of  d. 
Now  slowly  raise  the  bulb  to  1.    If  all  the  air  is  out  the  mercury  will 
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come  up  against  the  cock  e  with  a  sharp  click.  If  it  does  this  the  pump 
is  ready;  if  it  does  not,  discharge  a  little  air  and  mercury  through  a, 
catching  in  a  bottle  any  mecrury.  Turn  e  so  that  it  cuts  off  the  air 
from  entering  and  lower  bulb  again.  It  is  difficult  to  get  all  air  out. 
It  adheres  to  glass.  Sometimes  cocks  leak.  If  so,  lower  mercury  below 
/  and  remove  and  wipe  and  regrease  e  and  /  and  reinsert.  Having 
freed  the  pump  from  all  air,  a  little  mercury  being  in  the  capillaries 
a  and  b,  wash  out  b  by  letting  a  few  drops  of  ammonia  free  from  CO3 
flow  down  the  side  of  the  glass  and  wipe  out  with  a  little  absorbent 
cotton. 

Introduction  of  plasma.  In  an  Ostwald  1  c.c.  pipette  draw  up 
quickly  1  c.c.  of  plasma  from  the  separatory  funnel  and  transfer  to  b. 
Put  the  end  of  the  pipette  close  to  the  mercury  so  that  as  the  solution 
flows  out  it  covers  the  end  of  the  pipette  and  thus  diminishes  its  ex- 
posure to  the  air  and  prevents  loss  of  COj.  To  discharge  last  drop 
from  the  pipette,  put  thumb  on  end  and  warm  bulb  with  left  hand. 
Quickly  lay  down  the  pipette,  lower  bulb  to  2,  and  by  cautiously  opening 
e  allow  the  plasma  to  flow  into  the  pipette;  take  in  all  but  a  little  in 
the  capillary.  No  air  must  go  in.  Wash  down  the  sides  of  b  with  0.5 
c.c.  of  water  and  draw  it  in ;  repeat  with  another  0.5  c.c.  and  draw  this 
in.  Add  one  drop  of  capryllic  alcohol  to  prevent  foaming.  It  must 
lie  in  the  capillary.  Then  introduce  about  1  c.c.  of  0.5  per  cent.  H^SO*. 
This  carries  the  alcohol  in  ahead  of  it.  Allow  the  acid  to  enter  until  the 
liquid  in  the  pipette  is  exactly  2.5  c.c.  Close  e  and  put  a  drop  of 
mercury  in  6  to  seal.  Now  lower  bulb  to  position  3,  until  the  level  of 
the  mercury  is  exactly  at  50  c.c.  Close  /.  Eeplace  bulb  at  2.  Remove 
pipette  from  the  clamp,  put  thumb  over  b  and  turn  pipette  upside  down 
15  times  to  secure  thorough  equilibrium  between  the  gas  in  solution  and 
in  the  space  above  it.  Replace  pipette  in  clamp.  Lower  bulb  to  posi- 
tion 3.  Turn  cock  f  to  position  shovra  in  the  cut.  Allow  all  the  liquid 
but  none  of  the  gas  to  pass  into  d.  Raise  bulb  to  2.  Turn  /  so  that  it 
connects  c  with  the  pipette  and  bring  mercury  back  by  raising  bulb  in 
left  hand  until  the  level  of  the  mercury  in  the  bulb  is  exactly  the  same 
as  that  in  the  pipette.  There  will  be  about  10  mm.  of  liquid  above  the 
mercury.  Read  the  level  of  the  liquid  to  get  the  c.c.  of  gas.  Note 
barometric  pressure  and  temperature  of  the  gas. 

A.  For  calculation  of  GO^  combining  power  of  plasma  use  Table  1. 
Example.     At  746  mm.  and  25°,  the  observed  gas  reading  was  0.60. 

0.60x5-15=0.58. 

In  Table  I,  the  corresponding  figure  for  0.58  at  25°  is  46.6,  which  is 
therefore  volume  per  cent,  of  CO^  found  bound  as  bicarbonate  in  plasma. 
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TABLE  I. 
tabli  fob  Calculation  op  Cabbon  Dioxide  Combining  Poweb  op  Plasma. 


Observed 

C.c.  of  COj,  reduced  to  0°, 
760  mm.,  bound  as  bicarbo- 

Observed 

vol.  gas 

B 

C.c.  of  COj,  reduced  to  0°, 
760  mm.,  bound  as  bicarbo- 

vol. gas 
„         B 
•^       760 

nate  by  100  c.c.  of  plasma 

nate  by  100  c.c.  of  plasma 

^       760 

15° 

20° 

25° 

30° 

15° 

20° 

25° 

30° 

0.20 

9.1 

9.9 

10.7 

11.8 

0.60 

47.7 

48.1 

48.5 

48.6 

1 

10.1 

10.9 

11.7 

12.6 

1 

48.7 

49.0 

49.4 

49.5 

2 

11.0 

11.8 

12.6 

13.5 

2 

49.7 

50.0 

50.4 

50.4 

3 

12.0 

12.8 

13.6 

14.3 

3 

50.7 

51.0 

51.3 

51.4 

4 

13.0 

13.7 

14.5 

15.2 

4 

51.6 

51.9 

52.2 

52.3 

5 

13.9 

14.7 

15.5 

16.1 

6 

52.6 

52.8 

53.2 

53.2 

6 

14.9 

15.7 

16.4 

17.0 

6 

53.6 

53  8 

54.1 

54.1 

7 

15.9 

16.6 

17.4 

18.0 

7 

54.5 

54.8 

55.1 

55.1 

8 

16.8 

17.6 

18.3 

18.9 

8 

55.5 

55.7 

56.0 

56.0 

9 

17.8 

18.5 

19.2 

19.8 

9 

56.5 

56.7 

57.0 

56.9 

0.30 

18.8 

19.5 

20.2 

20.8 

0.70 

57.4 

57.6 

57.9 

57.9 

1 

19.7 

20.4 

21.1 

21.7 

1 

58.4 

.58.6 

58.9 

58.8 

2 

20.7 

21.4 

22.1 

22.6 

2 

59.4 

59.5 

59.8 

59.7 

3 

21.7 

22.3 

23.0 

23.5 

3 

60.3 

60.5 

60.7 

60.6 

4 

22.6 

23.3 

24.0 

24.5 

4 

61.3 

614 

61.7 

61.6 

5 

23.6 

24.2 

24.9 

25.4 

5 

62.3 

62.4 

62.6 

62.5 

6 

24.6 

25.2 

25.8 

26.3 

6 

63.2 

6.3.3 

63.6 

63.4 

7 

25.5 

26.2 

26.8 

27.3 

7 

64.2 

64.3 

64.5 

64.3 

8 

26.5 

27.1 

27.7 

28.2 

8 

65.2 

65.3 

65.5 

65.3 

9 

27.5 

28.1 

28.7 

29.1 

9 

66.1 

66.2 

66.4 

66.2 

0.40 

28.4 

29.0 

29.6 

30.0 

0.80 

67.1 

67.2 

67.3 

67.1 

1 

29.4 

30.0 

30.5 

31.0 

1 

68.1 

68.1 

68.3 

68.0 

2 

30.3 

30.9 

31.5 

31.9 

2 

69.0 

69.1 

69.2 

69.0 

3 

31.3 

31.9 

32.4 

32.8 

3 

70.0 

70.0 

70.2 

69.9 

4 

32.3 

32.8 

33.4 

33.8 

4 

71.0 

71.0 

71.1 

70.8 

6 

33.2 

33.8 

34.3 

34.7 

5 

71.9 

72.0 

72.1 

71.8 

6 

34.2 

34.7 

35.3 

35.6 

6 

72.9 

72.9 

73.0 

72.7 

7 

35.2 

35.7 

36.2 

36.5 

7 

73.9 

73.9 

74.0 

73.6 

8 

36.1 

36.6 

37.2 

37.4 

8 

74.8 

74.8 

74.9 

74.5 

9 

37.1 

37.6 

38.1 

38.4 

9 

75.8 

75.8 

75.8 

75.4 

0.50 

38.1 

38.5 

39.0 

39.3 

0.90 

76.8 

76.7 

76.8 

76.4 

1 

39.1 

39.5 

40.0 

40.3 

1 

77.8 

77.7 

77.7 

77.3 

2 

40.0 

40.4 

40.9 

41.2 

2 

78.7 

78.6 

78.7 

78.2 

3 

41.0 

41.4 

41.9 

42.1 

3 

79.7 

79.6 

79.6 

79.2 

4 

42.0 

42.4 

42.8 

43.0 

4 

80.7 

80.5 

80.6 

80.1 

6 

42.9 

43.3 

43.8 

43.9 

6 

81.6 

81.5 

81.5 

81.0 

6 

43.9 

44.3 

44.7 

44.9 

6 

82.6 

82.5 

82.4 

82.0 

7 

44.9 

45.3 

45.7 

45.8 

7 

83.6 

83.4 

83.4 

82.9    - 

8 

45.8 

46.2 

46.6 

46.7 

8 

84.5 

84.4 

84.3 

83.8 

9 

46.8 

47.1 

47.5 

47.6 

9 

85.5 

85.3 

85.2 

84.8- 

0.60 

47.7 

48.1  1  48.5 

48.6 

1.00 

86.6 

86.2      86.2 

85.7 
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B.    For  calculating  the  amount  of  COj  present  in  the  solution,  us* 
Table  II. 

TABLE  II. 
Cakbon  Dioxide  Indicated  by  Readino  of  V  o.o.  of  Gas  afteb  a  Sikolk 

EXTBACTION. 


Air  dissolved  In  2.5  c.c.  HjO 

Subtract   this   from   V   and 

Temperature 

multiply    result  by   A   to 

A 

C 

of  analysis 

calculate  mg.   COj!  by  C 

to   calculate   c.c.    COj  re- 

duced to  0°,  760  mm. 

"C. 

c.c. 

mg. 

c.c. 

B* 

B* 

15 

0.051 

*^                  V  y  1  noc 

^f'  n  ORR 

760         X  ^-^^^ 

760         X  °-^^^ 

16 

0.050 

1.924 

0.980 

17 

0.049 

1.912 

0.974 

18 

0.048 

1.900 

0.968 

19 

0.048 

1.889 

0.962 

20 

0.047 

« :       1.877 

0.956 

21 

0.046 

1.866 

0.950 

22 

0.045 

«  ■       1.854 

0.944 

23 

0.045 

"         1.842 

0.938 

24 

0.044 

1.831 

0.932 

25 

0.043 

1.819 

0.927 

26 

0.042 

1.808 

0.921 

27 

0.041 

«         1.796 

0.915 

28 

0.040 

"         1.784 

0.909 

29 

0.040 

1.773 

0.903 

30 

0.039 

«        1.761 

0.897 

(a)  If  mg.  CO2  is  desired,  subtract  amount  of  air  dissolved  in  2.5 
c.c.  HjO  (2nd  column  of  Table  II)  from  observed  volume  and  multiply 
by  A. 

Example.    At  750  mm.  and  22°,  0.69  c.c.  of  gas  is  measured,  then 

750 
(0.690  —  0.045)  XfgQX  1.854=  1.180  mg.  CO^. 

(b)  If  C.C.  COj  reduced  to  0°,  at  760  mm.  is  desired,  subtract  amount 
of  air  dissolved  in  2.5  c.c.  HjO  (2nd  column  of  Table  II)  from  the 
observed  volume  and  multiply  by  C. 

Example 

750 
(0.690  —  0.045)  XyggX  0.944  =  0.601  c.c. 

Experiment  211.    Micro  determination  of  CO2  and  CO3  in  solu- 
tion by  Van  Slyke's  method.    {Jour.  Biol.  Uhem.,  30,  p.  362,  1917.) 
Principle.    The  apparatus  given  in  Fig.  91  is  used,  taking  0.2  c.c. 
*  B  is  the  barometic  reading. 
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of  the  fluid  to  be  analyzed.     The  only  difference  in  procedure  is  that 
extracted  gas,  instead  of  water,  is  removed  to  another  chamber. 


Solution  aiout^ 
to  be  extracted 


FlQ.  91. 
Fia.  91. — Van  Slyke  micro  carbon  dioxide  apparatus.      (After  Vau  Slyke.) 

Process.  Fill  the  apparatus  with  Hg.  0.2  e.c.  of  solution  or  plasma 
is  measured  into  cup,  the  tip  of  the  pipette  being  kept  in  contact  with 
the  liquid  durijig  the  delivery.  The  solution  is  washed  from  a  into  b 
with  2  portions  of  about  0.1  e.c.  of  HjO  each,  the  H2O  being  distributed 
iabout  the  lower  part  of  the  wall  of  0  with  a  fine-pointed  medicine 
dropper.  Enough  5  per  cent.  H2SO4  is  admitted  to  fill  b  down  to  0.5 
e.c.  mark.  The  admission  of  successive  portions  of  liquid  from  a  into  b 
is  best  controlled  by  leaving  open  the  connection  between  a  and  i  and 
governing  the  infiow  with  cock  e.  Cock  d  is  now  turned  to  connect  a 
.with  c  and  a  little  Hg  is  forced  up  into  a  to  make  good  Hg  seal.  Turn 
cock  d  to  the  position  shown  in  the  figure,  which  represents  the  apparatus 
at  this  stage  of  the  determination.    Chamber  b  is  then  evacuated  till  Hg 
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has  fallen  to  the  10  c.c.  mark.  Close  cock  c,  loosen  clamp  about  c  and 
shake  it  by  removing  it  to  the  horizontal  position  and  back  a  dozen 
times.  Eeturn  the  apparatus  to  the  upright  position,  and  c,  which  has 
hitherto  been  full  of  Hg,  is  now  evacuated.  Then  leveling  bulb  being 
raised  to  about  the  level  of  e,  d  is  turned  to  connect  b  and  c  and  Hg  is 
at  once  admitted  through  e  into  h.  When  the  solution  in  6  has  risen 
to  its  narrowed  upper  position  of  the  chamber,  rate  of  flow  is  retarded 
and  is  cautiously  allowed  to  progress  until  its  meniscus  of  HjO  just  or 
almost  reaches  cock  d.  Cock  e  is  then  closed  and  d  is  turned  to  connect 
a  and  h.  Hg  from  a  flows  into  evacuated  bore  of  d  and  seals  the  cock 
with  completeness.  Turn  cock  e  to  admit  Hg  into  c,  and  the  volume  of 
gas  trapped  in  the  calibrated  capillary  at  the  top  of  c  is  read  off  at 
atmospheric  pressure.    Read  barometric  pressure  and  temperature. 

Barometric  pressure  must  be  corrected  for  the  effect  of  capillary 
attraction  on  Hg  in  the  calibrated  capillary.  For  this,  connect  c  with 
outer  atmosphere  through  d,  hold  the  levelling  bulb  near  to  the  cali- 
brated capillary  and  measure  the  difference  between  the  level  of  Hg 
surface  of  the  bulb  and  capillary.  Subtract  this  difference  from 
barometric  pressure. 

Calculation.  The  different  parts  of  the  micro  apparatus  are  in  the 
same  relative  proportions  as  the  corresponding  parts  of  the  macro 
apparatus,  being  l/5th  as  large.  Consequently  if  the  solution  is  intro- 
duced to  exactly  0.5  c.c.  mark,  the  same  tables  given  under  macro 
method  can  be  used  for  calculating  results,  each  0.002  c.c.  on  the  smaller 
corresponding  to  0.01  c.c.  on  the  larger. 

In  using  this  apparatus,  it  must  be  calibrated.  "Weigh  Hg  or  water 
from  it.    (See  original  article.) 

Experiment  212(a).  Hydrogen  ion  concentration  of  the  blood. 
(Levy,  Eowntree  and  Marriott,  Archives  Int.  Med.,  16,  pp.  389-405, 
1915;  Marriott,  ihid.,  17,  p.  840,  1916.) 

Principle.  The  alkali  reserve  may  be  considerably  reduced  without 
any  marked  change  of  the  hydrogen  ion  concentration  of  the  blood. 
Nevertheless,  so  far  as  the  life  of  the  tissues  are  concerned,  the  actual 
hydrogen  ion  content  of  the  blood  and  liquids  is  very  important.  Par- 
ticularly in  the  case  of  the  spinal  liquid  the  determination  of  this  factor 
may  be  of  considerable  importance  in  distinguishing  between  epidemic 
and  tuberculous  meningitis  in  the  early  stages.  The  principle  of  the 
present  method  is  to  determine  the  hydrogen  ion  concentration  of  the 
blood  by  means  of  indicators.  For  this  purpose  it  is  necessary  to  work 
with  the  plasma  of  the  blood  or  to  free  the  blood  of  its  pigment.  This 
is  done  by  dialyzing  the  blood  through  a  collodion  tube  and  measuring 
the  hydrogen  ion  in  the  dialysate  by  means  of  matching  the  tint  pro- 
duced in  solutions  of  known  hydrogen  ion  concentration  which  contain 
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a  certain  indicator.    The  indicator  chosen  for  this  work  is  preferably 
sodium    phenolsulfonephthalein,    since    this    indicator    has    a    marked 
change  of  color  for  a  very  small  change  of  hydrogen  ions. 
Apparatus  needed: 

1.  Collodion  sacks.  These  can  either  be  purchased  from  Hynson, 
Westcott  and  Dunning,  Baltimore,  or  they  can  be  made  with  some 
trouble  and  a  little  .experience.  They  are  made  as  follows :  Select  a 
small  test-tube  of  9  mm.  diameter  and  120  mm.  long.  Pour  into  this 
a  strong,  30  per  cent,  solution,  of  collodion  in  alcohol  and  ether,  equal 
parts ;  see  that  the  whole  of  the  inside  of  the  tube  is  wet  by  the  collodion 
and  then  pour  out  all  that  will  come  out.  Now  slowly  rotate  the  tube, 
holding  it  horizontal  or  slightly  inverted  so  that  any  excess  of  the  col- 
lodion comes  out  and  what  remains  is  evenly  distributed  over  the  walls. 
A  small  current  of  air  may  le  blown  into  the  tube  to  hasten  the  drjing. 
Do  not,  however,  allow  the  collodion  to  become  dry.  When  the  collodion 
is  so  dry  that  it  will  no  longer  run  out,  but  before  it  is  quite  dry  (about 
10  minutes)  run  a  little  distilled  water  into  the  tube.  This  is  to  fill 
the  pores  of  the  collodion  with  water.  Pour  out  most  of  the  water. 
Now  detach  the  collodion  sack  by  means  of  a  pair  of  forceps  or  a  knife 
from  the  neck  of  the  tube  at  one  side  and  gently  force  down  between 
the  wall  of  the  tube  and  the  collodion  sack  a  fine  stream  of  water  from 
a  wash  bottle.  This  will  gradually  separate  the  sack  from  the  tube 
and  ultimately  the  sack  will  come  out  whole.  Fill  it  with  water  to 
see  that  it  does  not  leak  and  then  immerse  it  in  a  beaker  containing  a 
neutral  solution  of  .9  per  cent.  NaCl  and  allow  it  to  remain  until  needed. 
The  making  of  these  small  sacks  is  a  difficult  operation  until  one  becomes 
skilled  at  it. 

2.  Procure  by  purchase  a  set  of  standard  hydrogen  ion  tubes  with 
phenolsulphonephthalein  in  them.  These  standards  can  be  made  by 
making  mixtures  of  NajHPOt  and  NaHjPO^,  as  directed  on  page  544. 
It  is  easier  to  purchase  them.  They  may  be  obtained  from  Hjnison, 
Westcott  and  Dunning,  Baltimore.    (Price  $5.) 

Method.  A  few  c.c.  of  oxalated  blood  (drawn  under  paraffine)  or 
other  liquid  of  which  it  is  desired  to  test  the  hydrogen  ion  concentra- 
tion are  obtained.  Introduce  into  one  of  the  sacks,  prepared  as  de- 
scribed, 3  c.c.  of  the  liquid  and  place  it  in  a  small  test-tube,  100  X  10 
mm.,  which  contains  3  c.c.  of  0.9  NaCl  solution.  Allow  to  dialyze  for 
5-10  minutes.  Then  remove  the  collodion  tube.  Now  add  to  the 
dialysate  0.2  c.c.  of  phenolsulphonephthalein  (0.1  per  cent.)  and  com- 
pare in  •  the  comparator  with  the  standards.  The  hydrogen  ion 
.concentration  is  shown  as  Pg  given  by  the  tube  which  matches  most 
closely.  The  normal  is  about  7.3-7.4  for  normal  blood  or  7.6-7.7  for 
normal  serum.  
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Experiment  212(b).  Hydrogen  ion  determination  by  the  gas 
<:hain  method. 

Principle.  This,  the  direct  method  of  determining  the  hydrogen  ion 
concentration,  depends  on  the  fact  that  a  platinum  electrode,  when 
saturated  with  hydrogen  gas,  acts  as  if  it  were  a  hydrogen  electrode. 
By  measuring  the  difference  of  potential  such  an  electrode  shows  when 
partly  immersed  in  an  unknown  solution  and  in  Hj  gas,  we  may  dis- 
cover what  the  concentration  of  hydrogen  ions  is  in  the  solution,  for  the 
difference  of  potential  depends  on  this  concentration,  as  is  shown  on 
page  540. 

Apparatus  needed: 

a.  Hildehrarid  method.  As  this  is  in  many  ways  the  simplest  and 
easiest  of  the  various  devices  suggested  it  is  placed  first.  (See  Figure 
93.) 


d 


c: 


\ 


Fig.  93. 
Fig.  93. — Hydrogen  electrode.     (After  Hlldebrand.) 

1.  A  dry  cell  or  other  form  of  battery  or  a  lead  storage  cell. 

2.  A  voltmeter  graduated  to  hundredths  of  a  volt  and  permitting 
thousandths  to  be  estimated. 

3.  A  rheostat. 

4.  A  calomel  electrode. 

5.  A  hydrogen  electrode. 

6.  A   capillary   electrometer   or   some   form   of   galvanometer   of 
D'Arsonval  type. 

7.  A  microscope  to  observe  capillary  electrometer. 

8.  Three  keys,  with  wire  for  connections. 
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9.    A  standard  cell  is  not  necessary  but  is  useful  in  checking  volt- 
meter. 


A/vwwwwwwywb 

s 


H.-*-C=I 


Fig.  94. 

Fig.  94. — Diagram  of  connections  tor  Hlldebrand  method  of  determining  hydrogen 
Ions.     (After  llildebrand.) 

10.  A  beaker  or  other  glass  vessel  for  concentrated  KCl  solution. 

11.  A  cylinder  of  pure  H^  gas;  or  an  electrode  cell  for  generating  it. 
b.     If  the  Hildebrand  method  is  not  used  then  the  following  ap- 
paratus is  needed: 

1.  A  storage  cell.     (Lead  accumulator.) 

2.  A  Weston  standard  cell.    Voltage  =  1.019. 

3.  Electrometer,  calomel  electrode  and  hydrogen  electrode,  as  in  the 
Hildebrand  method. 

4.  Three  resistance  boxes  in  place  of  the  rheostat.  These  should 
have  at  least  110  ohms  each. 

5.  Keys,  binding  posts  and  wire,  as  in  other  method. 
Procedure: 

a.  PlaUwizing  tJie  electrodes.  (Figure  95.)  Clean  electrodes  by 
chromic  acid.  The  electrode  which  is  to  be  used  in  the  hydrogen  cell  is 
D.  Immerse  both  platinum  electrodes  in  a  small  vial,  B,  containing  a 
solution  of  3  gms.  PtCU  and  0.02-0.03  gm.  lead  acetate  to  100  c.c.  H^O. 
Pass  current  from  battery  of  2  or  3  dry  cells  or  lead  accumulator,  D 
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being  the  cathode,  for  10  to  15  minutes  until  the  electrode  is  well  cov- 
ered with  a  black  velvety  coat  of  spongy  platinum.  The  gas  evolved 
should  escape  freely.    To  free  from  traces  of  chlorides,  etc.,  dip  in  the 


A  B 

Fig.  95. 
Pig.  95. — Diagram  of  connections  for  platinizing  electrodes. 

other  vial  containing  10  per  cent.  H2SO4  and  continue  to  pass  the  current 
for  several  minutes.  Wash  the  electrodes  with  COa-free  distilled  water 
until  all  soluble  matter  has  been  removed.    The  electrode  is  then  ready. 

b.  Preparation  of  tJie  calomel  electrode.  Cover  the  wire  at  the 
bottom  of  the  electrode  with  mercury.  Make  a  paste  by  rubbing  to- 
gether mercury,  mercurous  chloride  (calomel)  and  a  little  O.IN  KCl  (or 
saturated  KCl,  depending  on  whether  the  electrode  is  to  be  O.IN  or 
saturated  KCl  electrode)  and  place  a  layer  of  about  V2  inch  deep  above 
the  mercury  (in  the  second  bulb  of  the  electrode),  fill  the  rest  of  the 
electrode  with  O.IN  or  saturated  'KCl,  as  the  case  may  be.  It  is  perhaps 
better,  on  the  whole,  to  use  saturated  KCl  in  this  electrode,  and  the 
figures  in  Table  I,  p.  1058,  are  given  for  this  concentration.  Be  sure  that 
the  electrode  is  filled  with  the  solution  so  that  there  is  no  break  in  the 
column  of  liquid  clear  to  the  end  of  the  side  tube.  Have  the  cock  of 
the  electrode  closed  but  not  greased.  Having  done  this,  and  after  cork- 
ing the  top,  clamp  electrode  in  place  so  that  the  end  of  the  side  tube 
dips  into  the  beaker  of  saturated  KCl  solution  or  in  the  Hildebrand 
method  directly  into  the  solution  to  be  measured. 

c.  The  capillary  electrometer  or  galvanometer  is  set  up  and  con- 
nected as  shown  in  Figures  94  or  96.  A  microscope  will  be  necessary  to 
read  the  capillary  electrometer. 

d.  The  hydrogen  electrode  (if  blood  or  animal  liquids  containing 
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CO2  and  O2  are  to  be  examined)  is  set  up  by  filling  the  electrode  with 
the  liquid  to  be  determined  so  full  that  the  liquid  just  touches  the 
platinum  or  wets  it  only  about  a  mm.  in  depth.  The  space  above  the 
liquid  is  filled  with  pure  hydrogen.     (A  very  good  form  of  electrode  is 


STANDARD 
CELL 


KEY  3 


Fig.  96. 


Fig.  96. — Diagram  of  connections  tor  determining  hydrogen  Ions  using  resistance 
boxes.  K,,  R„  R,,  resistance  boxes.  Hg,  calomel  electrode.  H,  hydrogen  electrode.  KCL, 
saturated  KCl  solution.  The  capillary  electrometer  is  shown  as  short /circuited  in  key  3. 
B,  lead  accumulator. 

that  of  Clark,  shown  in  Figure  96.  It  is  not  necessary  to  keep 
hydrogen  bubbling  through  after  the  gas  has  been  brought  in.  It  is 
well  to  fill  the  electrode  full  of  the  liquid  and  to  displace  it  to  the 
proper  level  by  allowing  hydrogen  to  come  in.  It  is  necessary  for  a 
few  minutes  to  elapse  after  the  hydrogen  has  been  brought  in  before 
the  electrode  comes  to  equilibrium  with  the  hydrogen.  The  electrode 
should  be  frequently  replatinized.  For  using  Clark  electrode,  see  J.  Biol. 
Chem.,  1915,  23,  p.  478. 

e.  Connect  the  hydrogen  electrode  in  the  manner  shown  in  Figures 
94  and  96  so  that  the  current  from  the  gas  chain  goes  through  the 
capillary  electrometer  in  the  direction  indicated.  The  key  on  the  capil- 
lary electrometer  must  always  be  kept  closed  so  that  the  electrometer  is 
short  circuited  except  at  the  moment  of  testing.  The  current  is  then 
sent  through  the  electrometer  only  for  an  instant  while  the  mercury 
meniscus  is  being  observed. 
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f.  Now  connect  up  the  rheostat  or  resistance  boxes  and  the  dry  cell 
or  accumulator  and  the  Weston  standard  cell  in  the  manner  indicated 
in  the  diagrams.  If  the  resistance  boxes  are  used  a  large  amount  of 
resistance,  1,000  to  5,000  ohms,  is  taken  out  of  box  3  and  kept  out.  R„, 
1,000  ohms  out.  R3  has  at  first  no  resistance  out.  The  plugs  are  in. 
Be  careful  that  the  accumulator  is  connected  as  shown  so  that  the 
current  goes  through  the  capillary  electrometer  in  the  opposite  directior 


Fig.  97. 

Pig.  97. — rotentiometer,  for  use  in  hydrogen  ion  determination,  made  by  Leeds  and 
Northrup.   Bridge,  resistance  boxes  and  keys  are  included  in  tlie  potentiometer. 

to  that  coming  from  the  gas  chain,  since  we  are  to  balance  these  two 
currents  against  each  other.  By  having  no  resistance  out  of  Rj  and 
much  out  of  Rj  and  R3,  practically  no  current  will  be  flowing  through 
the  galvanometer  or  electrometer.  See  that  the  standard  cell  is  con- 
nected up  in  the  manner  shown  with  the  correct  polarity.  Key  2  must 
be  so  arranged  that  the  current  from  either  the  gas  chain  or  the  standard 
cell  can  be  sent  through  the  galvanometer  or  electrometer  as  desired; 
Key  3,  Figure  96,  is  so  made  that  breaking  the  short  circuiting  key 
automatically  connects  the  negative  poles  of  the  gas  chain  and  the 
standard  cell. 

The  following  solution  may  be  used  for  testing  the  gas  chain  ap- 
paratus: 50  c.c.  N  NaOH;  100  c.c.  N  acetic  acid;  350  c.e.  HjO.  This 
gives  H+  =  2.35  X  10"^  or  Pg  =  4.63  at  18°.  It  should  give  at  18° 
604.5  mv.  with  the  N/10  calomel  electrode,  and  517  mv.  with  the  sat- 
urated KCl  calomel  electrode. 

g.  Having  set  up  the  apparatus  as  indicated,  begin  by  measuring 
the  hydrogen  ion  concentration  of  some  solution  of  which  the  hydrogen 
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ion  is  known.  For  this  purpose  make  up  the  solutions  just  described 
or  a  buifer  as  shown  in  Table  II.  Fill  the  nydrogen  electrode  in  the 
manner  indicated  and  see  that  it  is  filled  with  puri-  jiydrogen  gas.  (This 
gas  can  now  be  purchased  sufficiently  pure,  or  nearly  so,  in  cylinders. 
It  has  been  prepared  by  electrolysis.)  If  not  on  hand,  make  it  by 
electrolysis  of  an  NaOH  solution,  the  gas  being  collected  from  a  porus 
cup  about  the  platinum  electrode.  Purify  the  gas  by  running  it  through 
NaOH,  over  a  heated,  reduced  copper  spiral  to  remove  the  last  traces 
of  oxygen,  and  through  water  and  then  into  the  electrode.  It  must  be 
at  room  temperature  when  it  goes  into  the  electrode.  The  apparatus 
having  stood  after  admission  of  the  hydrogen  for  a  couple  of  minutes, 
momentarily  open  the  key  of  the  electrometer  so  that  the  current  can 
flow  through  the  electrometer.  Observe  that  the  meniscus  of  the  mercury 
at  once  moves.  Close  key.  Now  remove  a  plug  from  Rj  and  insert  it 
into  R2  in  a  corresponding  hole,  so  that  the  total  resistance  of  Rj  and  R, 
remains  unchanged.  Begin  with  a  small  plug.  This  causes  some  current 
to  flow  from  the  accumulator  in  the  reverse  direction  through  the  elec- 
trometer. Momentarily  open  the  key  while  observing  the  electrometer. 
Close  instantly  if  the  mercury  moves.  (During  all  this  time  Key  2  is 
so  set  that  the  standard  cell  is  cut  out.  Key  1  is  kept  closed.)  Remove 
another  plug  from  Rj  to  its  corresponding  hole  in  Rj  and  repeat  the 
electrometer  observation.  And  proceed  in  this  fashion  by  constantly 
increasing  the  resistance  taken  out  of  R^  and  reducing  that  out  of  R, 
until  the  current  from  the  accumulator  exactly  balances  the  current 
from  the  gas  chain  and  the  mercury  in  the  manometer,  or  the  galvanom- 
eter mirror,  if  that  has  been  used,  shows  no  deflection. 

We  have  now  balanced  the  gas  chain  against  the  accumulator.  We 
record  the  resistance  out  of  each  of  the  boxes,  and  now  proceed  to  test 
the  voltage  of  the  accumulator  by  balancing  it  against  a  known  source 
of  electromotive  force,  the  standard  Weston  cell.  This  has  a  voltage  of 
1.019.  To  do  this  replace  in  Rj  all  the  plugs  transferred  to  R,,  turn 
the  switch  key  2  so  that  the  gas  chain  is  no  longer  in  the  circuit  but 
the  standard  cell  is  in  its  place,  and  begin  now  and  balance  the  standard 
cell  against  the  accumulator.  Be  very  careful  not  to  switch  too  hign 
a  voltage  through  the  cadmium  cell,  for  it  will  spoil  it.  In  just  the  same 
way  remove  plugs  from  Rj  into  B^^  until  the  current  from  the  Weston 
is  just  balanced.    Record  the  resistance  in  each  box,  R,,  Rj  and  R3. 

h.  Computation.  The  voltage  of  the  standard  cell  is  known.  It  is 
1.019.  To  balance  this  we  have  had  to  take,  let  us  say,  all  the  resistance 
from  R,  and  place  it  in  Rj.  The  total  resistance  in  the  circuit  of  the 
accumulator,  the  sum  Rj,  Rj  and  Rj  is,  let  us  say,  6,000  ohms.  We  have 
in  R,  1,110  ohms  resistance  out.  Then  the  fall  of  potential  being  uni- 
form, we  have  the  equation 
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1.019  =  voltage  of  standard  cell  = of  the  voltage  of  the  acciunulator. 

6,000  ^ 

This  gives  the  voltage  of  the  accumulator.    We  now  take  this  value  and 
substitute  it  in  the  equation : 

Voltage  of  the  gas  chain  =:- of  the  voltage  of  the  accumulator 

where  x  is  the  resistance  of  Rj  and  y  is  the  sum  of  R,,  Rj  and  Rg  when 
the  gas  chain  was  balanced.    This  gives  the  E.M.P.  in  volts. 

To  find  the  H  ion  concentration  we  have  to  consult  Table  I,  where 
the  temperature  correction  is  made.    We  have  the  equation 

E  — F 
P»= 


E  is  the  B.M.F.  just  measured;  F  is  the  voltage  of  the  calomel  saturated 
KCl  electrode  against  N  H+,  and  d  is  a  numerical  factor  which  includes 
the  gas  constant,  the  Faraday  constant,  the  number  of  valences,  and 
also  the  temperature.  Its  value  is  0.0001983T.  When  F  is  measured 
in  millivolts,  as  in  the  table,  we  have  0.1983T ;  in  that  case  E  is  also  in 

Tjrp 

millivolts  (thousandths  of  a  volt),    d  is  equal  to  the  fraction i^i,  where 

Fn 
R  is  the  gas  constant,  F,  the  Faraday  constant,  T  the  absolute  tempera- 
ture, and  n,  the  valence,  in  this  case  1.    The  T  in  the  foregoing  is  the 
absolute  temperature  or  273  plus  degrees  Centigrade.    At  20°,  T  is  293. 
The  values  of  d  are  given  for  millivolts  in  column  5,  Table  I. 

In  case  the  Hildebrand  method  is  used,  much  of  this  calculation  is 
avoided,  but  the  method  is  the  same,  in  its  essentials.  A  dry  cell  may 
be  used  in  place  of  the  lead  accumulator.  The  apparatus  is  set  up  as 
shown  in  Figure  94.  The  voltage  of  the  dry  cell  is  measured  directly. 
Key  1  is  only  closed  for  a  moment  of  making  the  observations,  as  these 
cells  easily  polarize.  In  ease  liquids  like  the  urine  or  sea  water  are  ex- 
amined the  simple  electrode  of  Hildebrand,  figured  as  h,  may  be  used.  In 
that  case  the  liquid  is  placed  in  the  beaker  and  the  calomel  electrode 
dips  directly  into  it.  H  gas  is  passed  continuously,  escaping  through  the 
notches  cut  in  the  bell  at  the  lower  end  of  the  electrode.  In  this  case  it 
is  only  necessary  to  slide  the  contact  S  along  the  rheostat  a-b  until  there 
is  rio  longer  -any  deflection  in  the  capillary  electrometer  and  read  off 
the  voltage  by  the  voltineter  V.  This  gives  the  voltage  directly.  The 
standard  cell  is  not  necessary. 

In  all  eases,  and  particularly  when  blood  or  other  fluids  containing 
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TABLE  I. 

Table  for  calculation  of  Pg  from  measured  E.M.F.  (F)  with  diflferent  electrodes. 

+     E  — F 


P„=logH    =, 


■H---= d" 

F  =  difference  of  potential  between  calomel  electrode  and  normal  H  ions,  d  is 
also  a  function  of  temperature.  It  involves  gas  constant,  Faraday  constant,  number 
of  valences,  and  factor  changing  log  ^  to  log^^.    Voltage  Weston  cell  at  20°  =  1.0191. 


F  In  millivolts 

,.  ""ST 

N/10  KCl 

N/1  KCl 

Saturated 

d 

calomel 

calomel 

KCl  calomel 

electrode 

electrode 

electrode 

15 

252.5 

57.1 

16 

251.7 

57.3 

17 

250.9 

57.5 

18 

336. 

277. 

250.3 

57.7 

19 

249.5 

57.9 

20 

248.8 

58.1 

21 

248.2 

58.3 

22 

247.5 

58.5 

23 

246.8 

58.7 

24 

246.3 

58.9 

25 

245.8 

59.1 

26 

244.7 

59.3 

27 

244.4 

59.5 

28 

243.3 

59.7 

29 

242.6 

59.9 

30 

241.9 

60.07 

31 

241.2 

60.27 

32 

240.5 

60.47 

33 

239.8 

60.66 

34 

239.2 

60.86 

-          35 

238.5 

61.06 

36 

237.8 

61.25 

37 

235.5 

61.46 

38 

235.0 

61.64 

39 

61.85 

40 

62.08 

oxygen  are  used,  it  is  desirable  to  replatinize  frequently,  or  at  any  rate 
to  immerse  the  electrode  as  the  cathode  in  dilute  acid.  This  recharges 
it  with  hydrogen. 

If  the  lead  accumulator  is  used  in  the  Hildebrand  method,  put  in 
series  with  the  rheostat  sufficient  resistance  so  that  the  fall  In  potential 
between  the  ends  of  the  rheostat  is  about  1  volt;  with  a  dry  cell  or 
other  battery  of  a  little  over  a  volt. this  will  not  be  necessary.  The 
capillary  electrode  must  be  sensitive  to  1-2  millivolts.  Its  capacity  is  so 
little  .that  the  stop  c,ock  (not  .greased)  of  ^  the  calomel  electrode  may 
remain  closed  duHrig  the  ~  observation,  thus  preventing  diffusion  of  the 
KCl. 
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TABLE  II.     (Clark  and  Luba,  J.  B.  C,  25,  1915,  p.  503.) 
Composition  of  mixtures  giving  Pn  valuoa  at  20°  C.  at  intervals  of  0,2  P 


p 

Phthaiate-HCl  mixtures 

2.2 

50  CO.  0.2  m 

KH  Phthalate 

46.70  c.c.  0,2  N  HCl 

Diluted  to 

200  c.c. 

2.4 

50    "     0.2   " 

tt                         {( 

39.60    "     0.2  "      " 

((             ti 

ii      it 

2.6 

50    "     0.2   " 

tl                         tt 

32.95    "     0.2  "      " 

tt                  C( 

it         tt 

2.8 

50    "     0.2   " 

it                        it 

26.42    "     0.2  "      " 

et           et 

tt         ti 

3.0 

50    "     0.2   " 

ct                      tt      ' 

20.32    "     0.2  "      " 

(4                  it 

tt        it 

3.2 

50    "     0.2   " 

tt                            (( 

14.70    "     0.2  "      " 

et           te 

et         et 

3.4 

50    "     0.2   " 

t(                            <l 

9.90    "     0.2  "      " 

et           et 

tt        te 

3.6 

50    "     0.2   " 

tt                 ec 

5.97    "     0.2  "      " 

et           et 

te        ( 

3.8 

50    "     0.2  " 

** 

2.63    "     0.2  "      " 

tt           et 

(I       a 

Phthalate-NaOH  mixtures 

4.0 

50  CO.  0.2  m 

KH  Phthalate 

0.40  c.c.  0.2  N  NaOH 

Diluted  to 

200  c.c. 

4.2 

50    "     0.2   " 

tt            tt 

3.70    "     0.2  " 

tt               it 

tt      tt 

4.4 

50    "     0.2   " 

it            tt 

7.50    "     0.2  " 

tt                ii 

(1      ti 

4.6 

50    "     0.2   " 

tt            tt 

12.15    "     0.2  "       " 

it               tt 

tt         et 

4.8 

50    "     0.2  " 

tt                et 

17.70    "     0.2  " 

tt               if 

tt         ce 

5.0 

50    "     0.2  " 

tt                tt 

23.85    "     0.2  " 

ti               it 

tt        it 

5.2 

50    "     0.2  " 

a               tt 

29.95    "     0.2  "       " 

it            if 

ee       ti 

5.4 

50    "     0.2  " 

tt                 et 

35.45    "     0.2  " 

it            et 

ee         ti 

5.6 

50    ■'     0.2  " 

tt                tt 

39.85    "     0.2  " 

ti          te 

ti         it 

5.8 

50   "     0.2  " 

tt                      St 

43.00    "     0.2  "       " 

tt           te 

tt         ft 

6.0 

50    "     0.2  " 

tt                te 

45.45    "     0.2  "       " 

tt           tt 

it         tt 

6.2 

50    "     0.2   " 

tt                tt 

47.00    "     0.2  "       " 

ce           et 

it         if 

P 
n 

KHjPOj-NaOH  mixtures 

5.8 

50  CO.  0.2  m  KH„PO, 

3.72  CO.  0.2  N  NaOH 

Diluted  to  200  c.c. 

6.0 

50    "     0.2   " 

" 

5.70    "     0.2  " 

((            et 

et        ti 

6.2 

50    "     0.2   " 

tt 

8.60    "     0.2  " 

tt            it 

it         te 

6.4 

50    "     0.2   " 

tt 

12.60    "     0.2  "       " 

te           et 

et        tt 

6.6 

50    "     0.2   " 

tt 

17.80    "     0.2  "       " 

et           tt 

tt        tt 

6.8 

50    "     0.2   " 

tt 

23.65    "     0.2  " 

tt           (( 

«t        et 

7.0 

50    "     0.2   " 

tt 

29.63    "     0.2  " 

tt           ti 

it        et 

7.2 

50    "     0.2  " 

tt 

35.00    "     0.2  " 

tt           tt 

it        te 

7.4 

50    "     0.2   " 

tt 

39.50    "     0.2  "       " 

te          tt 

ft       et 

7.6 

50    "     0.2   " 

tt 

42.80    "     0.2  "       " 

te          et 

ee         te 

7.8 

50    "     0.2  " 

tt 

45.20    "     0.2  "       " 

CC                  'i 

ec         et 

8.0 

50    "     0.2  " 

tt 

46.80    "     0.2  "       " 

tt           tt 

te        tt 

P 

R 

Boric  acid,  KCl-NaOH  mixtures 

7.8 

50  C.C.  0.2  m  H.BO„,  0.2  m  KCl 

2.61  c.c.  0.2  N  NaOH 

Diluted  to 

200  c.c. 

8.0 

50    "     0.2  " 

tt         0  2''      " 

3.97    "     0.2  "       " 

et            tt 

te        tt 

8.2 

50    "     0.2  " 

"          0.2  "      " 

5.90    "     0.2  "       " 

tt          -et 

ti            CI 

8.4 

50    "     0.2  " 

tt          0  2"      *' 

8.50    "     0.2  "       " 

tt            tt 

tt        It 

8.6 

50    "     0.2  " 

tt          0  2''      " 

12.00    "     0.2  "       " 

et           tt 

et       fi 

8.8 

50    "     0.2  " 

«          0^2  "      " 

16.30    "     0.2  "       " 

tt           tt 

ti       (I 

9.0 

50    "     0.2  " 

"          0.2  "      " 

21.30    "     0.2  "       " 

it            tt 

ft       ft 

9.2 

50    "     0.2  " 

"          0.2  "      " 

26.70    "     0.2  "       " 

tt           te 

et       te 

9.4 

50    "     0.2  " 

"          0.2  "      " 

32.00    "     0.2  "       "  . 

ee           te 

ei        te 

9.6 

50    "     0.2  " 

0.2  "      " 

36.85    "     0.2  "       " 

tt           te 

te        (t 

9.8 

50    "     0.2  " 

"          0.2  "      " 

40,80    "     0.2  " 

tt            et 

tt        <t 

.10,0 

m   "     0,2  " 

0.2  "      " 

43.90    "     0,2  " 

tt           tt 

(t        te 

CHAPTER  XXXI. 

THE  URINE. 
Exercise  XLII.    Preparation  and  properties  of  the  principal 

URINARY    constituents.      UrEA   AND   URIC   ACID. 

The  urine  is  a  most  important  excretion.  In  it  the  nitrogenous 
wastes  and  most  of  the  mineral  and  some  of  the  carbon  wastes  are 
excreted.  The  determination  of  the  character  and  amount  of  these  is 
of  great  importance  in  throwing  light  on  the  physiology  and  pathology 
of  the  body.  Among  the  nitrogenous  wastes  urea,  uric  acid,  creatinine, 
ammonia  and  hippuric  acid  are  the  more  abundant,  although  a  very 
large  number  of  nitrogen-containing  substances  occur  in  the  urine  in 
small  amounts.  Of  the  inorganic  wastes,  chlorides,  sulphates  and  phos- 
phates may  be  mentioned,  and  of  the  substances  containing  carbon, 
various  aromatic  compounds,  such  as  phenyl-acetic  acid,  and  aliphatic 
compounds  such  as  acetone,  hydroxybutyric  acid,  lactic  acid,  acetoacetic 
acid.  There  are,  however,  a  large  number  of  other  substances  present 
in  very  small  amounts. 

Experiment  213.  Collect  a  sample  of  urine  and  note  its  color,  odor, 
transparency,  reaction  to  litmus  and  to  phenolphthalein  and  its  specific 
gravity. 

Experiment  214.  Make  qualitative  tests  for  the  presence  of  chlo- 
rides, sulphates  and  phosphates.  For  the  chlorides  acidify  with  nitric 
acid  and  add  a  few  drops  of  silver  nitrate.  A  white  precipitate  indi- 
cates the  presence  of  chlorides.  For  the  sulphates,  acidify  with 
hydrochloric  acid  and  add  a  few  drops  of  barium  chloride.  A  white 
precipitate  shows  the  presence  of  inorganic  sulphuric  acid.  For  the 
phosphates  add  to  the  clear  urine  made  alkaline  by  ammonia  some 
ammonia-magnesia  mixture  used  for  the  determination  of  phosphates. 
A  white  precipitate  indicates  phosphates.  Or  add  to  the  urine  some 
drops  of  nitric  acid  and  then  some  ammonium-molybdate  solution.  A 
yellow  precipitate  of  phosphomolybdate  occurs  in  the  presence  of 
phosphates. 

Experiment  215.  Preparation  of  urea  and  uric  acid  from  urine. — 
Evaporate  500  c.c.  of  fresh  urine  in  evaporating  dish  to  dryness  on 
steam  bath.  Extract  residue  with  three  successive  portions  of  95  pet 
cent,  alcohol,  or  acetone,  using  25  c.c.  each  time  and  heating  to  boiling 
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on  the  water  bath  to  facilitate  .solution  of  the  urea.  Decant  the  hot 
alcohol  or  acetone  from  the  insoluble  residue  each  time,  pouring  the 
hot  solution  containing  the  urea  into  a  small  evaporating  dish.  The 
uric  acid  is  left  in  the  residue  in  the  large  evaporating  dish,  while  the 
urea,  separated  from  most  of  the  salts,  is  in  the  alcohol  or  acetone. 
Save  the  residue  with  the  uric  acid  and  proceed  with  the  preparation 
of  th^  urea. 

Preparation  of  urea.  Evaporate  the  alcoholic  or  acetone  urea  solu- 
tion to  a  syrup  on  the  water  bath,  add  10  c.c.  of  water,  and  after  thor- 
ough mixing  add,  little  by  little,  while  stirring  and  keeping  the 
evaporating  dish  cold  by  floating  it  in  cold  water,  half  concentrated, 
white,  not  fuming,  nitric  acid  as  long  as  crystals  of  urea  nitrate  con- 
tinue to  separate  out.  When  no  m.ore  crystals  form,  filter  through  a 
small  suction  filter,  using  suction  flask  and  the  little  filter  plate,  and 
suck  the  nitrate  of  urea  dry.  Most  of  the  color  remains  in  the  filtrate. 
To  the  filtrate  add  a  little  strong  nitric  acid  to  make  sure  that  all  urea 
has  been  precipitated.  There  is  danger  of  oxidizing  the  urea,  so  do  not 
use  fuming  nitric  acid;  be  sure  to  cool  the  urea  solution  between  each 
addition  of  nitric  acid.  Now  transfer  crystals  of  urea  nitrate  from  the 
filter  paper  to  small  evaporating  dish.  Add  to  the  crystals  in  the 
evaporating  dish  15  c.c.  distilled  water  and  then,  little  by  little,  powdered 
barium  carbonate,  stirring  between  each  addition,  as  long  as  efferves- 
cence lasts,  and  then  add  more  to  make  sure  that  all  the.  urea  nitrate  is 
decomposed  and  that  there  is  an  cxceus  of  barium  carbonate  present. 
The  solution  will  then  be  very  faintly  acid,  due  to  the  carbonic  acid. 
By  this  one  forms  barium  nitrate,  carbon  dioxide  and  free  urea.  The 
carbonate  must  be  really  in  excess,  or  the  urea  will  be  oxidized  on 
warming.  Now  add  about  half  a  level  teaspoonful  of  good  powdered 
bone  black  and  heat  on  water  bath  for  about  fifteen  minutes.  Mean- 
while prepare  the  small  filter  plate  for  suction  filtering,  placihg  a  test- 
tube  in  the  filter  flask  to  catch  the  filtrate,  and  at  the  end  of  fifteen 
minutes  filter  the  hot  solution  and  transfer  the  filtrate,  which  should 
be  clear  as  water,  to  a  small  evaporating  dish,  and  evaporate  nearly  to 
dryness  on  the  water  bath.  Crystals  of  barium  nitrate  separate  out. 
Extract  the  residue  without  separating  the  crystals,  with  two  10  c.c. 
portions  of  95  per  cent,  ethyl  alcohol,  heating  on  the  water  bath  each 
time  and  transferring  the  hot  alcohol  containing  the  urea  by  decanta- 
tion  to  another  small  evaporating  dish.  Barium  nitrate  remains  undis- 
solved. Evaporate  the  alcoholic  solution  of  urea  on  the  water  bath 
until  it  begins  to  crystallize  and  then  remove  it  from  the  bath  and  allow 
it  to  crystallize  at  room  temperature.  Urea  crystallizes  in  long  prismatic 
crystals.  The  preparation  should  be  white.  If  it  is  yellow  it  will  not 
crystallize  so  well.    If  this  should  be  the  case  dissolve  in  a  little  alcohol 
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and  decolorize  again  with  powdered  animal  charcoal.    The  yield  should 
be  6-10  grams. 

Uric  acid.  To  the  residue  in  the  evaporating  dish  from  which  the 
urea  was  extracted,  add  50  c.c.  distilled  water  distinctly  acid  with  hydro- 
chloric acid.  AH  the  inorganic  salts  dissolve  and  leave  the  uric  acid  as 
a  small,  reddish,  granular,  crystalline  precipitate.  Decant  and  discard 
the  liquid  but  keep  the  crystals.  Examine  the  crystals  microscopically. 
Wash  them  once  or  twice  with  fresh  water  by  decantation.  Finally  add 
about  30  c.c.  of  water  and  then,  drop,  by  drop,  saturated  NajCOj  solution, 
stirring  after  each  addition.  Seven  or  eight  drops  are  usually  enough, 
and  warm  for  a  minute  or  so  on  the  water  bath  to  hasten  solution.  Add 
a  pinch  of  animal  charcoal.  Filter  through  a  small  suction  filter, 
transfer  without  loss  to  a  small  beaker  and  acidify  with  hydrochloric 
acid.  The  uric  acid  will  crystallize  out  promptly  as  a  sandy  precipitate, 
perhaps  not  entirely  white.  After  standing  for  half  an  hour  or  over 
night,  filter  through  a  small  suction  filter.  Allow  the  crystals  to  dry 
on  the  filter,  then  remove  them  to  a  small  vial.  Make  the  following 
various  tests  for  uric  acid  with  them.    Yield  about  0.2  gram. 

Reactions  for  the  identification  of  uric  acid. 

Experiment  216.  Murexide  test. — See  page  720  for  the  reaction  in- 
volved. Place  a  few  crystals  of  uric  acid  in  a  porcelain  dish,  moisten 
them  with  a  drop  or  two  of  concentrated  nitric  acid  and  dry  on  the 
water  bath  until  the  nitric  acid  is  completely  gone  or  heat  very  carefully 
over  a  flame  until  HNO3  is  nearly  gone  and  it  begins  to  turn  red  on 
•the  edges.  A  reddish  residue  remains.  Now  cool  this  and  moisten  it 
with  a  very  small  drop  of  dilute  ammonia  solution  or  blow  ammonia 
vapor  over  it.  The  residue  becomes  a  violet  or  purple  red,  due  to 
formation  of  ammonium  purpurate.  Add  a  little  10  per  cent.  NaOH, 
the  residue  becomes  a  bluish  violet.  On  heating  the  color  disappears. 
Of  the  other  purine  bases  adenine  and  hypoxanthine  do  not  give  the 
murexide  test.  Guanine  and  xanthine  give  the  reaction  forming  the 
yellow  nitroxanthine  first,  which  turns  violet  or  purple  when  moistened 
with  sodium  hydrate  bift  remains  yellow  on  addition  of  ammonia.  The 
color  does  not  disappear  on  heating. 

Experiment  217.  Reducing  reactions.  Reduction  of  Fehling's  so- 
lution.— ^Uric  acid  is  easily  oxidized  and  it  is  accordingly  a  reducing 
substance.  Many  tests  have  been  devised  for  its  detection  based  upon 
this  property.  None  of  these  are  specific,  since  they  are  given  by  other 
reducing  reagents.  Uric  acid  reduces  Fehling's  solution.  Take  a  few 
crystals,  dissolve  in  a  little  sodium  hydrate  and  assure  yourself  that 
they  reduce  Fehling's  solution.     To  another  portion  of  the  sodium- 
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hydrate  solution  add  some  powdered  bismuth  subnitrate  and  heat.  This 
is  not  reduced. 

Experiment  218.  Reduction  of  silver  nitrate.  Schiff's  reaction. — 
Dissolve  a  few  crystals  of  uric  acid  in  a  few  c.c.  sodium-carbonate  solu- 
tion (sodium  hydrate  cannot  be  used  because  it  precipitates  the  silver 
as  brown  silver  hydrate),  the  solution  being  distinctly  alkaline.  Pour 
a  drop  of  the  solution  on  a  filter  paper  moistened  with  silver  nitrate 
solution.  A  black  spot  will  be  formed  in  the  presence  of  uric  acid. 
This  reaction  depends  on  the  power  of  the  uric  acid  to  reduce  alkaline 
silver  solutions. 

Experiment  219.  Reduction  of  phosphotungstic  acid.  Polin  re- 
action.— This  reaction  depends  on  the  power  of  uric  acid  to  reduce 
sodium  phosphotungstate  solution.  To  a  very  small  amount  of  uric 
acid  in  a  beaker  is  added  20  c.c.  saturated  sodium-carbonate  solu- 
tion. It  may  be  warmed  to  hasten  solution.  As  soon  as  the  uric 
acid  is  dissolved  add  1  c.c.  of  sodium  phosphotungstate  reagent 
(Folin's).  A  blue  color  is  obtained,  due  to  the  formation  of  oxide  of 
tungsten  WjOg. 

Folin's  sodium  phosphotungstate  reagent  is  the  following:  100  grams 
pure  sodium  tungstate,  80  c.c.  85  per  cent,  orthophosphoric  acid  and  750 
c.c.  distilled  water  are  boiled  gently  or  in  a  flask  with  a  reflux  con- 
denser for  l%-2  hours.  Cool  and  dilute  to  1  liter.  This  solution  is 
reduced  by  other  compounds,  for  example  by  polyphenols.  It  is  used 
in  the  mieroehemical  estimation  of  uric  acid. 

Experiment  220.  Benedict's  solution  not  reduced  by  uric  acid. — 
The  reduction  by  uric  acid  is  most  rapid  in  an  alkaline  solution.  Bene- 
dict's solution,  which  is  reduced  by  carbohydrates,  is  not  so  alkaline  as 
Pehling's  and  is  hence  reduced  by  uric  acid  at  a  very  much  slower  rate. 
Test  the  reducing  action  of  a  sodium-carbonate  solution  of  uric  acid  on 
Benedict's  solution.    Experiment  12. 

Experiment  221.  Precipitation  reactions  of  uric  acid. — The  in- 
solubility of  the  free  acid  has  already  been  noted.  The  ammonium  salt 
is  also  very  insoluble,  particularly  in  the  presence  of  other  soluble  am- 
monium salts.  This  method  is  the  basis  of  the  quantitative  method  for 
the  estimation  of  uric  acid  of  Hopkins. 

Make  a  saturated  solution  of  uric  acid  by  heating  some  crystals 
with  10  c.c.  of  2  per  cent.  NajCOs-  After  adding  two  drops  of  ammonia, 
saturate  the  solution  with  ammonium  chloride.  Note  the  white,  amor- 
phous precipitate  of  ammonium  urate  which  forms.  If  desired,  the 
precipitate  may  be  identified  as  uric  acid. 

Experiment  222.  Precipitation  by  ammoniacal  silver  solution. — ' 
Add  an  excess  of  ammonia  to  the  sodium-carbonate  solution  of  uric  acid, 
and  then  a  few  drops  of  silver  nitrate.    A  white  precipitate  is  formed. 
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This  is  the  silver  compound  of  the  uric  acid.  Other  purines  are  precipi- 
tated by  this  method  (see  Salkowski's  method). 

Experiment  223.  Detection  of  uric  acid  in  urine  and  other  fluids. — 
To  show  the  presence  of  uric  acid  in  small  quantities  of  urine,  Folin's 
method  may  be  used.  Place  1-2  c.c.  of  urine  in  an  evaporating  dish,  add 
1  drop  of  saturated  oxalic-acid  solution  and  evaporate  to  complete  dry- 
ness on  the  water  bath.  Cool,  add  10  c.c.  95  per  cent,  alcohol  and 
allow  to  stand  for  5  minutes  to  extract  phenols  which  will  also,  if  present, 
give  the  reduction  reaction  with  phosphotungstate.  Pour  off  the  alcohol. 
Add  to  the  residue  10  c.c.  of  water  and  a  drop  of  saturated  sodium- 
carbonate  solution.  Stir  to  complete  the  solution  of  the  uric  acid; 
transfer  to  a  small  beaker;  add  1  c.c.  of  Folin's  reagent  (sodium  phos- 
photungstate) and  20  c.c.  of  saturated  sodium  carbonate.  A  blue  color 
indicates  the  presence  of  uric  acid. 

Experiment  224.  Another  method  is  the  following  (Cole) :  Take 
50  c.c.  of  urine,  add  2  drops  of  ammonia  and  then  saturate  with  pow- 
dered ammonium  chloride.  Allow  the  excess  of  ammonium  chloride  to 
settle  for  15  seconds  and  pour  off  into  another  beaker.  Allow  to  stand. 
Note  the  gelatinous  precipitate  of  ammonium  urate.  Filter:  scrape  the 
precipitate  from  the  filter  and  transfer  it  to  an  evaporating  dish.  Add 
3  or  4  drops  of  strong  nitric  acid  and  evaporate  to  dryness,  then  with 
ammonia  make  the  murexide  test.  If  urates  are  present  in  the  precipi- 
tate, they  will  give  a  positive  reaction. 

Exercise  XLVT.    Creatinine,  hippuric  acid  and  indican. 

Creatinine. 

NH     —      0  =  0 

/ 

NH=C 

\ 

NCCH^)— CH^ 

Experiment  225.  Preparation  of  creatinine.  Zinc-chloride  method. 
—Make  500  c.c.  of  urine  alkaline  with  milk  of  lime  and  add  CaCla  solu- 
tion to  completely  precipitate  the  phosphates.  Filter,  acidify  the  filtrate 
with  acetic  acid  and  evaporate  to  a  syrup.  Extract  the  creatinine  from 
the  syrup  by  treating  it  with  warm  95-99  per  cent,  alcohol,  100  c.c.  in 
two  50  C.C.  portions.  Allow  alcohol  extract  to  stand  8-24  hours  in  a  cool 
place.  Filter.  A  little  sodium  acetate  is  added  to  the  alcoholic  filtrate 
to  reduce  the  acidity  and  about  1  c.c.  of  strong,  acid-free  zinc-chloride 
solution,  sp.  gr.  1.2.  Stir  and  allow  to  stand  2  to  3  days  in  a  cool  place. 
Creatinine  zinc  chloride  crystallizes  out  as  a  sandy,  yellowish  powder 
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composed  of  fine  needles  in  rosettes  or  balls.  Collect  by  filtering  on  a 
small  suction  filter,  wash  with  alcohol,  suspend  the  crystals  in  a  little 
(100  c.c.)  warm  water  and  add  some  freshly  precipitated  lead  hydrate, 
or  red  lead  oxide,  warm  to  about  75°  for  a  minute  or  so  while  stirring 
to  decompose  the  zinc  chloride-creatinine,  and  filter,  using  suction.  The 
precipitate  is  lead  chloride  and  zinc  oxychloride.  Decolorize  the  filtrate 
with  a  pinch  of  animal  charcoal,  warming  while  stirring,  filter  (using 
suction),  evaporate  the  solution  to  dryness,  extract  with  strong  alcohol 
(creatinine  dissolving,  creatine  remaining  insoluble)  and  evaporate  the 
alcoholic  extract  to  beginning  crystallization  and  then  allow  to  stand 
and  crystallize.  Make  some  of  the  following  tests  with  the  crystals. 
The  crystals  when  pure  are  colorless,  monoclinic  prisms. 

Experiment  226.  Preparation  of  creatinine  from  the  urine  by  the 
picrate  method. — (See  experiment  285,  page  1095.) 

Experiment  227.  Reactions  for  the  detection  of  creatinine. 
Weyl's  reaction.  Nitroprusside  reaction. — ^Like  some  other  reducing 
substances,  creatinine  gives  a  red  color  with  sodium  nitroprussidei  See 
the  test  for  acetone  ( Legal 's).  Cysteine  gives  a  similar  reaction.  To 
5  c.c.  of  urine  in  a  test-tube  add  a  few  drops  of  a  dilute,  fresh  solution 
of  sodium  nitroprusside  and  make  alkaline  with  sodium  hydrate.  A 
ruby-red  color  which  fades  to  yellow  is  the  result.  If  to  this  solution, 
cold,  is  added,  an  equal  quantity  of  glacial  acetic  acid,  a  precipitate  of 
the  nitroso  compound  (CiHeN^Oz)  results.  If  acidified  with  acetic  acid 
and  heated,  the  solution  becomes  green,  then  blue  and  Prussian  blue 
separates.  Dissolve  one  crystal  of  the  creatinine  in  water  and  repeat 
the  test  with  it. 

Experiment  228.  Picramic-acid  reaction.  Jaffe. — Creatinine  com- 
bines with  picric  acid.  If  made  alkaline,  it  very  rapidly  reduces  the  picric 
acid  at  room  temperature  forming  the  red-colored  picramic  acid.  See 
page  41.  To  5  c.c.  of  urine  in  a  test-tube  add  a  few  drops  of  picric-acid 
solution  and  make  alkaline  with  sodium  hydrate.  A  red  color  is  pro- 
duced. This  reaction  is  the  basis  of  Polin's  creatinine  quantitative 
method.  It  is  not  specific  for  creatinine,  but  depends  on  the  reducing 
action  of  creatinine  in  alkaline  solution. 

Hippuric  acid. 

Experiment  229.  Preparation  of  hippuric  acid  from  urine.  Roaf. — 
To  500  c.c.  of  the  urine  of  a  horse,  or  cow,  add  125  grams  of  ammonium 
sulphate  and  7.5  concentrated  sulphuric  acid.  Hippuric  acid  crystallizes 
out.  Filter.  Wash  the  crystals  with  a  little  cold  water,  redissolve  in 
a  small  amount  of  hot  water,  boil  with  animal  charcoal  to  decolorize, 
filter  and  allow  to  cool.    The  hippuric  acid  crystallizes  in  standing.    If 
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some  of  the  crystals  are  evaporated  to  dryness  on  the  water  bath  with 
1-2  e.c.  concentrated  nitric  acid  and  then  the  residue  heated  by  a  flame, 
an  odor  of  nitrobenzene  may  be  perceived. 

Experiment  230.    Detection  of  indican. — Indican  is  the  potassium 
salt  of  indoxyl-sulphuric  acid. 


OH  OH  CH 

HO  0— C— 0— SO  K         HC      C— CO      OC— C         CH 

Hi  'd  i]-H  '    hO  y  i:  =  d  y  (in 

V^  XVh     YhYh 

Indican.  Indigo  blue. 

Indican  is  formed  from  the  indoxyl  which  has  been  formed  from  indole 
by  oxidation.  Indole  is  derived  from  the  tryptophane  of  proteins  by 
processes  of  putrefaction.  The  presence  of  indican  in  larger  than  usual 
quantities  in  the  urine  generally  means  excessive  putrefaction  in  the 
alimentary  canal.  In  constipation  the  indican  is  usually  increased. 
Indican  is  detected  by  converting  it  to  indigo  blue  by  oxidation.  Various 
oxidizing  agents  may  be  used,  but,  ferric  chloride  or  hypochlorite  is 
usually  employed.  The  oxidation  takes  place  in  strong  acid  solution, 
the  acid  splits  off  sulphuric  acid,  leaving  indixyl  which  is  oxidized  to 
indigo  blue. 

Experiment  231.  Jaffe's  indican  test. — Take  5  c.c.  of  urine  in  a 
test-tube  and  add  5  c.c.  of  concentrated  HCl  and  then  1  drop  of  a  3  per 
cent.  KCIO3  solution.  By  the  action  of  the  acid  chlorate  is  formed. 
Add  a  little  chloroform,  2-3  c.c,  and  shake.  If  the  chloroform  settles 
out  colorless,  add  another  drop  of  hypochlorite  and  shake  again.  If 
indican  is  present,  the  chloroform  should  be  colored  blue.  If  thymol 
has  been  added  to  the  urine  for  preserving  it,  the  chloroform  will  be  a 
reddish  or  violet  color  if  indican  is  present.  Keep  on  adding  drop  by 
drop  of  the  chlorate  and  shaking  until  a  maximum  blue  is  obtained. 
The  oxidizing  agent  must  be  added  cautiously,  since  the  addition  of  too 
much  carries  the  oxidation  to  indigo  white  which  is  colorless.  Calcium 
hypochlorite  or  bleaching  powder  may  be  used  in  this  test  in  place  of 
the  chlorate.    The  result  is  the  same. 

Experiment  232.  Detection  of  indican  by  ferric  chloride.  Ober- 
mayer's  test. — This  may  be  performed  either  directly  on  the  urine  or 
after  partial  purification  by  precipitation  with  lead  acetate.  The  test 
in  the  latter  case  is  performed  as  follows :  Add  to  50  c.c.  acid  urine  5  c.c. 
basic  lead  acetate.  Filter.  Take  10  c.c.  of  the  filtrate  in  a  test-tube, 
add  an  equal  volume  of  concentrated  HCl  containing  2-4  grams  FeClj 
per  liter,  and  2-3  c.c.  chloroform  and  shake  thoroughly.  The  chloro- 
form which  settles  out  should  be  more  or  less  blue  if  indican  is  present. 
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There  is  not  so  much  danger  in  this  test  of  overoxidation  as  there  is  in 
the  hypochlorite  test. 

Exercises  XLIV-XLVII.    Detection  op  pathological  constituents 

OF   URINE. 

Detection  of  proteins. — Normal  urine  does  not  contain  protein.  In 
abnormal  conditions  various  proteins  may  occur.  Coagulable  proteins 
derived  from  the  blood  plasma  may  be  present  in  inflammation  of  the 
kidney,  or  nephritis ;  the  nephritis  being  either  chronic,  due  to  a  chronic 
infection  of  the  kidney,  or  acute.  Acute  nephritis  may  accompany 
scarlet  fever  and  other  diseases.  A  deutero-albumose,  generally  called 
peptone,  may  be  present  particularly  during  the  absorption  of  partially 
digested  pus  from  abscesses  'or  in  the  absorption  of  pneumonia  exudate. 
An  especial  protein  called  the  Bence-Jones  protein  appears  in  the  urine 
in  osteomalacia  or  multiple  myeloma.  This  is  more  nearly  related  to 
a  hetero-albumose.  The  nitrogen  in  the  protein  in  the  latter  case  may 
amount  to  as  much,  as  one-third  of  the  total  nitrogen  of  the  urine. 

Experiment  233.  Coagulable  protein. — Very  little  of  this  may 
appear  in  the  urine,  even  though  pretty  extensive  chronic  nephritis 
prevails.  The  presence  of  any  in  the  urine  should  be  regarded  with 
suspicion.  If  the  urine  is  clear  and  acid,  place  about  7  c.c.  in  a  test- 
tube  and,  while  holding  the  tube  inclined,  heat  the  upper  parts  of  the 
urine  to  boiling.  If  coagulable  protein  is  present,  this  part'  of  the  urine 
should  appear  cloudy  as  compared  with  the  unboiled  part.  If  it  be- 
comes turbid,  add  a  drop  of  dilute  acetic  acid.  The  turbidity  might  be 
due  to  phosphates,  but  these  dissolve  in  the  presence  of  dilute  acid.  The 
protein  coagulum  does  not  dissolve.  If  the  urine  is  alkaline,  make  it 
before  boiling  very  faintly  acid  with  dilute  acetic  acid. 

Experiment  234.  Heller's  test. — ^Place  in  the  bottom  of  a  test-tube 
about  4  c.c.  concentrated  nitric  acid  and  holding  the  tube  inclined  pour 
carefully  down  the  side  of  the  tube  some  urine.  The  urine  should  float 
on  top  of  the  nitric  acid.  In  the  presence  of  albumin  a  white  ring 
appears  at  the  junction  of  the  liquids.  This  is  a  very  delicate  test.  It 
may  happen  that  there  is  a  ring  of  urea-nitrate  or  uric  acid  in  concen- 
trated urines.  If  the  ring  is  due  to  these  substances,  it  will  disappear 
on  diluting  the  urine  and  repeating  the  test.  Urines  preserved  with 
thymol  may  give  a  ring  of  nitrothymol.  The  thymol  may  be  separated 
from  the  urine  by  extracting  it  with  a  little  naphtha.  Resinous  sub- 
stances which  appear  in  the  urine  after  a  person  has  been  treated  with 
balsams  also  may  produce  a  white  ring.  It  is  well,  therefore,  to  further 
identify  the  protein,  if  the  test  is  positive.  The  colored  ring  which 
develops  due  to  the  oxidation  of  various  chromogens  may  be  disregarded. 
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Experiment  235. — Various  modifications  of  these  tests  have  been 
proposed.  Various  salts  such  as  sodium  chloride  are  added  to  the  urine, 
or  to  the  nitric  acid  to  increase  the  delicacy  of  the  test.  The  Heller  test 
is,  however,  already  sufficiently  delicate  for  all  ordinary  purposes.  The 
identification  of  the  protein  can  be  confirmed  by  trying  the  precipitation 
test  with  potassium  ferrocyanide  and  acetic  acid.  Make  the  urine  faintly 
acid  with  acetic  acid  and  add  a  drop  of  potassium  ferrocyanide  solution. 
In  the  presence  of  albumins  or  protalbumose  a  white  precipitate  appears. 

A  case  came  under  the  author's  observation  in  which  the  urine  con- 
tained so  little  protein  that  it  was  with  great  difficulty  that  its  presence 
could  be  certainly  established.  At  times  the  urine  was  free  from  pro- 
tein. The  person  died  not  long  afterwards  of  an  acute  infection,  and 
on  autopsy  the  kidneys  were  found  to  have  been  the  seat  of  a  long- 
standing and  extensive  nephritis. 

Experiment  236.  Quantitative  estimation  of  albumin  present. 
Esbach's  method. — Principle.  The  method  consists  in  precipitating  the 
protein  with  picric  acid  and  estimating  the  volume  of  the  precipitate.  A 
graduated  tube  known  as  Esbach's  albuminometer  is  used. 


Fia.  OS. 
Fia.  08. — Esbacb  albuminometer. 


Process.  Fill  the  tube  with  urine  to  the  mark  U  and  then  add  the 
picric-acid  reagent  to  the.  mark  R.  Cork,  mix  by  inverting  a  couple  of 
times  and  then  allow  to  stand  upright  for  24  hours.     At  the  end  of 


PRACTICAL   WORK    AND    METHODS  1069 

that  time  read  off  on  the  scale  etched  on  the  tube  the  height  of  the 
column  of  precipitate.  The  figures  give  the  number  of  grams  of  dried 
protein  in  a  liter  of  urine.  If  the'  amount  is  less  than  0.05  per  cent., 
it  cannot  be  accurately  determined  in  this  way.  If  the  precipitate  comes 
above  5,  it  is  better  to  dilute  the  urine  once  and  repeat. 

Picric-acid  reagent.  Dissolve  10  grams  picric  acid  and  20  grams 
citric  acid  in  800  c.c.  boiling  water,  transfer  to  a  1,000  c.c.  volumetric 
flask,  cool  and  make  up  to  the  mark. 

Experiment  237. — The  eoagulable  protein  can  also  be  directly  deter- 
mined by  boiling  50  c.c.  of  urine,  slightly  acidified  with  acetic  acid,  till 
the  separation  is  complete,  filtering  through  a  dried  weighed  filter  paper, 
washing  thoroughly  with  hot  water  and  alcohol,  drying  and  reweighing. 

Experiment  238.  Bence-Jones  protein. — This  protein  is  detected  by 
its  peculiarity  of  becoming  insoluble  on  heating  to  60°  and  the  precipitate 
redissolving  on  heating  to  boiling. 

If  the  urine  is  acid,  it  may  be  heated  directly ;  if  alkaline,  make  it 
faintly  acid  with  acetic  acid.  Heat  slowly.  The  urine  becomes  turbid 
at  about  45°  and  a  precipitate  appears  at  60°  which  redissolves  on 
further  heating  to  boiling.    On  cooling  the  reverse  phenomena  appear. 

Experiment  239.  Albumose. — This  can  be  detected  if  in  sufficient 
quantity  by  the  rose-colored  biuret  test  in  urine  which  will  not  coagulate 
on  heating.  It  may  also  be  detected  as  follows:  Remove  the  eoagulable 
protein  by  heating  to  boiling  the  faintly  acid  urine  and  filtering.  In 
the  filtrate  a  biuret  reaction  or  a  ring  test  with  Spiegler's  reagent  indi- 
cates the  presence  of  albumose  or  peptone.  To  detect  any  albumin  by 
Spiegler's  reagent  be  sure  that  the  urine  is  acidified  first.  Alkaline 
urine  will  give  a  precipitate  even  when  free  from  albumin  and  albumose. 

Spiegler's  reagent.  HgClj,  40  grams;  tartaric  acid,  20  grams;  NaCl, 
50  grams ;  glycerine,  100  grams ;  HjO,  1,000  c.c.  This  reagent  is  a  very 
delicate  test  for  proteins,  as  both  albumoses  and  peptones  are  precipi- 
tated by  it.  It  is  used  in  the  same  way  as  the  nitric  acid  in  Heller's 
test.  1  part  protein  in  250,000  can  be  detected  by  it.  Control  it  by 
normal  urine. 

Experiment  240.  Detection  of  glucose  in  urine. — Glucose  appears 
in  the  urine  under  the  circumstances  already  described  on  page  757.  If 
the  urine  is  light  colored,  of  large  volume,  three  liters  or  more  per  day, 
and  with  a  nomal  specific  gravity,  the  presence  of  glucose  is  indicated. 
To  detect  glucose  three  or  four  methods  may  be  used :  i.e.,  reduction  test 
with  Fehling's  or  Benedict's  solution,  reduction  of  bismuth  subnitrate, 
polarimeter  examination,  the  fermentation  by  yeast,  formation  of  phenyl- 
glucosazone.  The  best  method  is  Benedict's.  For  the  quantitative  esti- 
mation use  the  Benedict  method  of  experiment  305. 

Experiment  241. — ^To  4  c.c.  of  urine  add  an  equal  quantity  of  Feb- 
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ling's  mixture,  page  873,  and  heat  to  boiling.  Boil  for  a  few  moments. 
In  the  presence  of  glucose,  lactose  and  some  other  substances  a 
yellow  or  red  precipitate  of  cuprous  oxide  is  formed.  Normal  urine 
has  some  powers  of  reduction,  but  not  sufficient  to  form  a  precipitate 
of  cuprous  oxide  under  these  conditions.  Caution:  If  chloroform  has 
been  added  to  the  urine  as  a  preservative,  it  will  itself  reduce  Pehling's 
solution. 

Experiment  242.  Benedict's  qualitative  reaction. — To  5  c.c.  of 
Benedict's  reagent  (see  experiment  12)  heated  to  boiling,  add  8  drops 
of  the  urine  and  boil  vigorously  for  two  minutes.  The  fluid  will  contain, 
after  spontaneous  cooling,  a  dense  but  very  finely  divided  red,  yellow 
or  green  precipitate  if  glucose  to  the  extent  of  0.2  per  cent.,  or  more  is 
present.  The  green  precipitate  appears  with  the  lower  concentrations 
and  the  red  with  the  higher.  It  is  best  ordinarily  not  to  use  more  than 
8  drops  of  the  urine,  although  if  the  urine  is  very  dilute  as  to  uric  acid, 
creatinine  and  phosphates,  one  may  use  as  much  as  16  drops  of  the  urine 
to  5  c.c.  reagent.    Lactose  also  reduces  Benedict's  solution. 

Experiment  243. — Many  substances  besides  glucose  reduce  Fehling's 
solution.  The  reduction  might  be  due  to  lactose,  pentoses,  aromatic 
bodies,  urates,  creatinine  or  glycuronic  acid,  for  example.  //  glucose  is 
present,  the  urine  will  be  dextro-rotatory  amd  will  reduce  hismutJi  sub- 
nitrate  and  ferment  with  yeast.  Nylander's  reaction.  Bismuth  sub- 
nitrate  reaction.  To  5  c.c.  of  urine  in  a  test-tube  add  a  little  powdered 
bismuth  subnitrate,  make  the  urine  alkaline  with  sodium  hydrate  and 
heat  to  boiling  for  a  few  minutes.  If  glucose  is  present,  the  subnitrate 
will  be  reduced  to  the  black  bismuth.  Uric  acid  and  creatinine  do  not 
give  this  reduction. 

Experiment  244.  Fermentation  test. — ^Fill  a  fermentation  tube  with 
urine  which  has  not  been  preserved  by  the  addition  of  formol  or  other 
preservative,  and  in  which  %  cake  of  yeast  has  been  suspended.  Put  in 
a  warm  place  (40°).  If  the  reducing  body  is  glucose  and  more  than  0.5 
per  cent.,  the  yeast  will  ferment  and  a  gas  will  collect  in  the  course  of 
1  to  2  hours  in  the  closed  arm  of  the  tube.  Lactose,  pentoses  and 
glycuronic  acid  or  aromatic  substances  will  not  ferment. 

Experiment  245.     Form  the  osazone  in  the  method  described  in  ex- 
periment 30.    If  the  osazone,  the  reduction  and  the  fermentation  tests 
are  positive,  it  may  be  concluded  that  the  substance  is  glucose  or  levulose. 
The  rotation  will  distinguish  between  these  two.    The  melting  point  of' 
the  osazone  can  also  be  determined. 

Experiment  246.  The  identification  of  small  amounts  of  glucose 
and  lactose  in  urine  (Cole). — This  is  probably  the  best  method  of  dis- 
tinguishing between  small  amounts  of  glucose  and  lactose  in  urine  in  the 
shortest  time  of  high  grade  charcoal  can  be  had.  Experiment  247  gives 
a  better  method. 


PRACTICAL   WORK    AND   METHODS  1071 

Principle.  The  use  of  Pehling  's  solution  for  the  detection  of  glucose 
is  open  to  the  following  disadvantages :  1.  Other  substances  than  glucose 
reduce  this  solution;  namely,  pentoses,  glycuronic  acid,  lactose,  urates, 
creatinine  and  some  oramatic  bodies.  Moreover,  creatinine  holds  the 
cuprous  oxide  in  solution  so  that  it  does  not  precipitate.  2.  The  strong 
alkali  used  will  destroy  small  amounts  of  glucose.  To  many  samples  of 
urine  as  much  as  0.5  per  cent,  of  glucose  can  be  added  without  produc- 
ing more  than  a  greenish  cloud  with  Fehling.  Normal  urine  contains 
between  0.03  and  0.08  per  cent,  of  glucose.  Benedict's  solution  removes 
many  of  these  difficulties  because  by  the  use  of  carbonate  in  place  of 
sodium  hydrate  the  reducing  action  of  uric  acid  and  creatinine  is  elimi- 
nated. Cole  proposes  the  following  improvement  on  Benedict  (Cole, 
Lancet,  September  20,  1913).  The  principal  improvement  introduced 
is  that  glucose  is  not  adsorbed  by  good  blood  charcoal  in  the  presence 
of  acetic  acid,  whereas  other  reducing  substances,  and  particularly  lac- 
tose, are.  In  the  absence  of  acetic  acid  small  amounts  of  glucose  are 
adsorbed.  In  the  actual  reduction  also  sodium  carbonate  is  used  in  place 
of  sodium  hydrate. 

Procedure.  "  In  a  dry  boiling  tube  or  large  test-tube  place  about  1 
gram  of  good  absorbent  blood  charcoal  (Merck's  or  some  other  as  good. 
The  charcoal  should  be  tested  first  to  see  that  it  will  absorb  small 
amounts  of  lactose).  (A  spatula  about  three-eighths  of  an  inch  broad, 
well  piled  up  with  the  charcoal  for  just  over  an  inch,  carries  about  % 
gram.)  Add  10  c.c.  of  the  urine  and  shake  from  side  to  side  to  mix 
thoroughly.  Heat  to  boiling  point,  shaking  the  whole  time.  Cool  thor- 
oughly under  the  tap  and  shake  at  intervals  for  about  five  minutes. 
Filter  through  a  small  paper  (9  to  11  cm.  in  diameter)  into  a  rather 
wide  test-tube  containing  about  half  a  gram  of  anhydrous  sodium  car- 
bonate. When  the  fluid  has  filtered  through,  add  6  drops  of  pure 
glycerine  (the  glycerine  used  must  not  itself  reduce  the  copper),  shake 
and  heat  to  boiling.  Note  the  time  when  boiling  commences.  Maintain 
active  boiling  for  50  seconds,  shaking  from  side  to  side  to  prevent  spurt- 
ing. Immediately  add  4  drops  of  a  5  per  cent,  solution  of  crystallized 
copper  sulphate.  Shake  for  a  moment  to  mix  the  solutions,  and  allow 
the  tube  to  stand  without  further  heating  for  one  minute.  "With  normal 
urine  the  fluid  remains  blue,  with  a  variable  amount  of  a  grayish  precipi- 
tate of  the  earthy  phosphates.  If  glucose  is  present  to  the  extent  of 
0.02  per  cent,  or  more,  above  the  average  normal  amount,  the  blue  color 
is  discharged,  and  a  yellowish  precipitate  of  cuprous  hydroxide  forms. 
The  rapidity  with  which  the  precipitate  forms  is  a  rough  measure  of 
the  amount  of  glucose  present.  With  0.05  per  cent,  it  appears  in  a  few 
seconds.  With  0.02  per  cent,  it  may  not  appear  till  50  seconds.  A 
yellowish  precipitate  or  coloration  appearing  after  60  seconds  must  not 
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be  taken  as  evidence  of  abnormal  glycosuria.  It  may  be  due  to  the 
normal  amount  of  sugar  in  the  urine. 

Remarks.  The  method  is  more  sensitive  than  Benedict's  and  Nylan- 
der's.  CHCI3  does  not  give  a  positive  result  even  when  present  in  con- 
siderable excess.  Urines  of  patients  treated  with  chloral  hydrate  and 
containing  glycuronates  are  ■  also  negative.  There  is  no  necessity  to 
remove  albumin,  but  it  is  advisable  to  do  so  by  boiling  and  filtering 
before  treatment  with  charcoal.  If  specific  gr.  of  urine  is  more  than 
1,025,  dilute  with  equal  volume  of  water  and  take  10  e.c.  of  the  diluted 
urine.  With  a  modification  of  this  method  Cole  detects  one  part  of 
glucose  in  a  million  parts  of  water,  when  glucose  is  present  alone.  But 
this  cannot  be  done  in  the  urine. 

Experiment  247.  Method  of  distinguishing  lactose  and  glucose  in 
urine  and  estimating  dextrose  in  the  presence  of  lactose.  (Mathews.) 
— In  the  case  of  urine  from  a  pregnant  or  nursing  woman  which  con- 
tains a  reducing  substance  pj'oceed  as  follows : 

Estimate  total  reducing  power  as  glucose  by  Benedict's  method, 
experiment  305.  Then  take  20  c.c.  of  urine  in  a  fair-sized  test-tube, 
mix  it  with  half  a  cake  of  compressed  yeast  by  placing  yeast  in  urine, 
stopping  tube  with  the  thumb  and  shaking  until  the  yeast  is  uniformly 
mixed  and  no  more  lumps.  Place  test-tube  at  angle  of  about  45°  in  a 
vessel  of  water  (beaker),  heated  to  42°  C.  If  more  than  1  per  cent, 
dextrose  is  present  there  will  begin  in  a  couple  of  minutes  an  evolution 
of  gas,  the  bubbles  rising  along  the  inclined  upper  surface  of  the  tube. 
With  less  than  1  per  cent,  this  will  hardly  be  visible,  and  if  no  dextrose 
is  present,  after  about  2  minutes  when  some  air  occluded  during  the 
shaking  is  given  off,  there  will  be  no  evolution  of  gas.  With  3  per  cent, 
or  more  of  dextrose  the  fermentation  is  stormy.  Lactose  is  not  fermented. 
Leave  tube  50  minutes  at  42°  C.  All  dextrose  up  to  a  content  of  6  per 
cent,  will  then  be  destroyed.  Take  out  tube  twice  during  this  period,  put 
thumb  over  end  and  invert  to  remix  the  yeast,  and  replace  in  bath. 
All  dextrose  is  now  destroyed.  Filter  through  dry  folded  filter.  Fil- 
trate will  probably  be  opalescent  but  this  does  not  matter.  Determine 
reducing  power  in  filtrate  by  Benedict's  method.  The  difference  be- 
tween the  original  and  this  determination  gives  amount  of  dextrose. 
The  remainder  may  be  lactose.  To  identify  it  make  the  osazone  in 
filtrate  after  fermentation  by  method  in  experiment  30. 

Experiment  248.  Identification  of  lactose  in  urine  (Cole). — Princi- 
ple. Adsorption  of  lactose  by  charcoal  and  the  formation  of  lactosazone 
in  the  presence  of  acetic  acid.  The  surest  indication  that  a  reducing 
sugar  is  not  glucose  and  may  be  lactose  is  its  failure  to  ferment  and 
produce  CO2  gas  with  yeast.  But  this  method  gives  a  positive  proof  of 
lactose. 

Procedure.    To  1  gm.  of  good  charcoal  add  25  c.c.  of  suspected  urine, 
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mix  by  shaking,  boil  for  a  few  seconds,  cool  thoroughly  and  shake  at  inter- 
vals for  10  minutes.  Filter  through  a  small  paper  or  use  a  filter  pump. 
When  the  charcoal  has  completely  drained,  transfer  it  to  a  porcelain  dish 
containing  10  c.c.  of  water  and  1  c.c.  glacial  acetic  acid.  This  is  best 
done  by  opening  the  paper,  holding  it  by  the  clean  half  and  moving  it 
about  in  the  liquid.  The  greater  part  of  the  charcoal  is  thus  removed 
from  the  paper.  Stir  the  charcoal  with  a  glass  rod  and  transfer  the 
mixture  to  a  boiling  tube.  Heat  to  boiling  for  about  10  seconds  and 
filter  the  hot  solution  through  a  small  paper  into  a  test-tube  containing 
as  much  solid  phenyl-hydrazine-hydrochloride  as  will  lie  on  a  quarter, 
and  twice  this  amount  of  solid  sodium  acetate.  Mix  thoroughly  and 
filter  from  any  insoluble  oily  residue.  Place  the  tube  in  a  boiling  water 
bath  and  leave  it  there  for  45  minutes.  Remove  the  tube  and  allow  it 
to  stand  at  room  temperature  for  at  least  one  hour.  It  is  advisable  to 
allow  it  to  stand  longer  if  possible.  Pipette  off  a  little  of  the  deposit, 
if  any,  and  examine  it  on  a  slide  under  the  high  power  of  the  microscope. 
Lactosazone  crystallizes  in  characteristic  clumps  with  projecting  spines 
("  hedge-hog  "  crystals).  If  desired  filter  off  crystals,  redissolve  in  hot 
water  and  allow  to  recrystallize.    Melting  point  of  crystals  200°  C. 

Experiment  249.  Detection  of  acetone  in  urine.  Detection  in  the 
undistilled  urine.  Legal's  nitroprusside  reaction. — To  5  c.c.  of  urine 
in  a  test-tube  add  a  few  drops  of  a  fresh  solution  of  sodium  nitroprusside 
and  then  make  the  urine  slightly  alkaline  with  sodium  hydrate.  A  ruby- 
red  color  results  both  in  normal  and  abnormal  urine,  due  to  the  cre- 
atinine of  the  urine.  If  the  urine  is  now  made  acid  with  acetic  acid,  if 
creatinine  alone  is  responsible  for  the  color,  the  solution  will  become 
yellow,  whereas  if  acetone  is  present  in  sufficient  amount  the  red  color 
is  intensified  by  the  addition  of  acetic  acid.  Control  this  test  with 
normal  urine  and  with  an  acetone  solution. 

Experiment  250.  Rothera's  nitroprusside  reaction. — This  test  is 
better  than  Legal's.  To  5  c.c.  of  urine  add  a  little  solid  ammonium 
sulphate  and  2-3  drops  of  a  fresh  5  per  cent,  solution  of  sodium  nitro- 
prusside and  1-2  c.c.  of  concentrated  ammonium  hydrate.  If  acetone 
is  present,  a  permanganate  color  develops. 

Acetone  may  be  more  accurately  detected  in  the  distillate  from  urine. 

Distill  about"  20  c.c.  of  liquid  from  200  c.c.  of  urine  acidified  by  the 
addition  of  several  drops  of  concentarted  II  CI.  Use  a  good  water  con- 
denser, as  acetone  is  volatile.  The  distillate  may  be  subjected  to  the 
following  examination. 

Experment  251.  Iodoform  test. — Gunning's.  To  5  c.c.  of  the  dis- 
tillate (undistilled  urine  may  be  used)  add  a  few  drops  of  KI3  solution 
(Lugors=  4  grams  iodine;  6  grams  KI;  100  c.c.  water)  and  enough 
NH^OII  (5-10  drops)  to  make  a  black  precipitate  of  nitrogen  iodide.  On 
standing  this  is  changed  to  iodoform  (CHI3).    Detect  this  by  the  odor 
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and  by  examining  the  crystals.  They  are  yellow  in  color  and  form 
hexagonal  plates  and  rosettes.  Neither  alcohol  nor  aldehyde  form  iodo- 
form under  these  conditions.  Acetoacetic  acid  is  decomposed  by  heating 
with  acid,  so  that  the  distillate  contains  acetone  from  this  as  well  as 
preformed  acetone. 

Experiment  252.  Detection  of  acetoacetic  acid. — CH3.CO.CH2. 
COOH.  Diacetic  acid  is  readily  decomposed,  forming  acetone  if  the 
acid  nrine  is  boiled.  It  gives  a  much  more  sensitive  reaction  with 
sodium  nitroprusside  than  does  acetone  in  the  Le  Nobel  test.  The  test 
may  be  made  in  the  following  way  (Harding  and  Ruttan,  Biochem. 
Journal,  VI,  p.  445,  1912).  Acidify  the  urine  with  acetic  acid,  add 
0.5  e.e.  N/10  sodium  nitroprusside  (1  c.c.  =  0.0298  grs.  NaaFeCCN)^ 
NO.2H2O)  and  then  overlie  the  solution  with  concentrated  aqueous 
NH4OH.  A  violet  ring  is  produced.  This  is  a  modification  of  Taylor's 
method  of  carrying  out  the  reaction.  Acetoacetic  acid  gives  this 
reaction  far  better  than  acetone.  A  solution  of  acetone  0.057  per  cent, 
gives  a  very  faint  reddish-violet  ring  after  about  20  minutes.  Aceto- 
acetic acid  gives  it  at  once.  Acetoacetic  acid  1  pt.  in  30,000  will  give 
a  positive  reaction.  It  is  far  more  delicate  than  the  Gerhardt  ferric- 
chloride  test. 

Experiment  253.  Gerhardt's  reaction  for  acetoacetic  acid. — ^To  5 
c.c.  of  urine  in  a  test-tube  add  ferric-chloride  solution,  drop  by  drop, 
as  long  as  a  precipitate  forms.  An  addition  of  more  PeClj  to  the 
filtrate  produces  a  Bordeaux  red  color  if  acetoacetic  acid  is  present.  1  pt. 
in  7,000  is  the  limit  of  the  reaction.  Many  other  substances  give  this 
reaction  with  FeClj,  such  as  salicylic  acid,  and  substances  excreted  after 
the  ingestion  of  antipyrin,  phenacetin  and  thallin.  If  the  color  is  due  to 
acetoacetic  acid  it  will  disappear  on  boiling.  It  is  an  enol  reaction. 
Acetoacetic  a:cid  may  be  extracted  from  the  urine  by  acidifying  and 
shaking  with  ether  and  the  test  made  in  the  ether  extract.  Acetone  does 
not  give  this  reaction. 

Experiment  254.  Salicylaldehyde  reaction  for  acetone. — To  5  c.c. 
urine  (or  better  distillate)  add  1  c.c.  of  a  10  per  cent,  alcoholic  solution 
of  salicylaldehyde,  shake  well  and  introduce  a  piece  of  solid  NaOH  about 
the  size  of  a  large  pea.  Set  aside.  Prepare  a  control  tube  with  dis- 
tilled water  or  normal  urine  in  the  same  way.  In  case  aSetone  is  present 
to  the  extent  of  0.01  per  cent,  or  more  a  deep  orange-red  ring  is  formed 
at  the  junction  of  the  two  layers.  Normal  urines  and  urines  containing 
aldehydes  give  a  yellowish  to  brown  ring.  The  red-colored  substance 
formed  with  acetone  is  0.0-dioxydibenzolacetone. 

Experiment  255.  Black's  reaction  for  beta-hydroxybutyric  acid. — 
Concentrate  15  c.c.  urine  to  5  c.c.  on  the  stearn  bath;  this  is  done  to 
remove  any  acetoacetic  acid  which  may  be  present.  Now  add  two  drops 
concentrated  HCl  and  the  least  quantity  of  plaster  of  Paris  necessary 
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to  form  a  solid*  mass.  Pulverize  this  mass  and  extract  twice  with  ether. 
Evaporate  the  ether  extract  without  loss,  add  5  c.c.  water  and  a  small 
amount  of  BaCOj.  To  the  almost  neutral  water  layer  now  add  2  or  3 
drops  hydrogen-peroxide  solution,  shake  and  add  a  few  drops  of  5  per 
cent.  FeClg.  Set  aside  for  a  few  minutes.  If  beta-hydroxybutyric  acid 
was  present,  it  has  been  oxidized  to  acetoacetie  acid  and  gives  the  usual 
red  color  with  ferric  salts.  Black  claims  this  method  will  detect  the 
acid  in  concentrations  of  1 :  10,000. 

Experiment  256.  Detection  of  glycuronic  acid. — CH0.(CH0H)4. 
COOH.  See  page  759.  This  acid  gives  many  of  the  reactions  of  the 
pentoses.  It  may  be  differentiated  as  follows  {Tollen's  reaction) :  Add 
to  equal  quantities  of  urine  and  concentrated  hydrochloric  acid  0.5-1  c.c. 
of  a  1  per  cent,  naphthoresorcin  solution  in  alcohol.  The  solution  is 
heated  slowly  to  boiling  and  boiled  one  minute,  shaking  the  tube  con- 
stantly. Allow  to  stand  and  cool  for  four  minutes,  then  cool  under  the 
,  tap  and  shake  out  with  ether.  The  red  or  violet  color  goes  into  the  ether 
if  a  glycurbnate  was  present,  but  is  insoluble  in  ether  if  the  color  is  due 
to  a  pentose  or  hexose.  The  ether  solution  examined  spectroscopically 
shows  two  bands,  one  on  the  D  line  and  one  between  D  and  E. 

Glycuronates  reduce  Fehling's  solution,  but  they  do  not  ferment 
with  yeast.  On  heating  with  strong  acid  the  glycuronic  acid  is  set  free. 
In  the  free  state  it  is  dextro-rotatory.  In  the  paired  condition  it.  is 
levo-rotatory.  It  occurs  in  the  urine  normally  in  very  small  amounts ;  in 
larger  quantities  after  certain  drugs  are  taken. 

Experiment  257.  Detection  of  glycuronic  acid  in  urine  (ToUens- 
Neuberg  and  Schwket,  Biochem.  Zeitschrift,  44,  1912,  502). — In  a  small 
separatory  funnel  place  10  c.c.  fresh  urine  with  2  c.c.  dilute  H2SO4. 
Add  at  once  10  c.c.  ordinary  alcohol  and  20  c.c.  ether.  After  several 
strong  shakings,  hasten  the  separation  by  the  addition  of  a  few  c.c.  of 
water  or  NaCl  solution.  As  soon  as  the  ether  layer  is  separated,  draw 
off  the  alcohol-water  layer  and  shake  the  ether  with  2-3  c.c.  HjO  or 
NaCl  solution.  Separate  the  ether  carefully  and  filter  through  a  small, 
dry  filter  into  a  porcelain  dish.  Add  5  c.c.  water  and  evaporate  the 
ether  on  the  water  bath.  Divide  the  fluid  which  remains,  and  which 
may  have  some  oil  drops  or  be  slightly  cloudy,  into  two  parts  and  test 
one  with  orcin  and  the  other  with  naphthoresorcin.  By  using  10  c.c. 
of  normal  urine  both  tests  are  positive.  By  shaking  out  with  ether  the 
glycuronic  acid  esters  are  separated  from  the  pentoses  which  may  be 
present  and  which  give  similar  reactions.  If  the  amount  of  glycuronic 
acid  is  small,  the  amyl-alcohol  extract  of  the  orcin  test  only  gives  a  plain 
absorption  band  after  standing. 

Experiment  258.  Detection  of  pentoses. — These  occur  in  the  urine 
in  disease  of  the  pancreas  and  in  some  other  conditions,  the  amount 
depending  on  the  amount  eaten.     There  is  still  some  doubt  about  the 
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character  of  the  pentose  found  in  the  urine  in  endogenous  pentosuria. 
The  presence  of  pentoses  may  be  inferred  if  the  urine  reduces  Fehling's 
solution,  does  not  ferment  with  yeast,  gives  a  positive  reaction  by  Tollen's 
naphthoresorcin  reaction,  the  color  being  insoluble  in  ether;  and  forms 
furfural  when  the  urine  is  made  strongly  acid  with  phosphoric  or  hydro- 
chloric acid  and  distilled.  Furfural  comes  off  both  from  pentoses  and 
glycuronates.  The  other  pentose  reactions  may  also  be  tried:  i.e.,  with 
phloroglucin  and  oreinol.  To  make  the  phloroglucin  test,  take  1  c.c. 
of  2  per  cent,  phloroglucin  solution,  5  c.c.  of  concentrated  HCl  and  6  c.c. 
of  urine,  mix  well  and  immerse  in  boiling  water.  A  red  color  indicates 
pentose  or  glycuronie  acid.  In  using  oreinol  proceed  in  the  same  way, 
but  use  half -saturated  oreinol  solution,  1  c.c,  in  place  of  the  phloroglucin. 
A  blue  color  and  precipitate  indicates  pentoses  (see  page  880).  Extract 
the  color  with  amyl  alcohol  and  examine  spectroscopically. 

Experiment  259.  Detection  of  bile  salts.  ^Reduction  of  surface 
tension  of  urine.  Hay's  test. — Bile  lowers  the  surface  tension  of  water. 
This  lowering  may  be  detected  by  sprinkling  some  flowers  of  sulphur 
on  the  surface  of  the  urine.  In  the  presence  of  bile  the  sulphur  falls 
at  once  to  the  bottom  of  the  beaker.  In  normal  urine  it  floats  on  the 
surface.  Other  greases  act  in  the  same  way  as  bile.  The  reaction  is  not 
specific. 

Experiment  260.  Pettenkofer's  test  for  bile  salts. — This  has  al- 
ready been  described  in  experiment  157,  page  985.  A  red  ring  is 
formed  at  the  junction  of  the  sulphuric  acid  and  the  urine  after  the 
addition  of  a  crystal  of  saccharose.  Keep  the  temperature  below  70° 
in  making  this  test.  A  little  furfural  may  be  added  in  place  of  the 
saccharose.    The  test  remains  essentially  the  same. 

Experiment  261.  Detection  of  bile  pigments  in  urine. — Gmelin's 
test  already  described  can  be  applied  to  the  urine.  Pour  5  c.c.  of  urine 
over  some  concentrated  nitric  acid  in  a  test-tube,  holding  the  tube 
inclined  while  pouring  so  that  the  liquids  do  not  mix.  At  the  zone  of 
contact  a  series  of  violet,  green-blue  and  red  colored  rings  develop  in 
the  presence  of  bile.  The  blue-green  ring  is  characteristic.  Indoxyl 
and  scatoxyl  also  produce  colors  in  this  test.    Urobilin  does  not. 

Experiment  262. — The  bile  pigments  can  also  be  detected  by  the 
Huppert-Cole  reaction  described  in  experiment  153. 

Experiment  263.  Examination  for  other  pigments. — (a)  Uro- 
bilin. To  5  c.c.  urine  add  an  equal'volume  of  a  10  per  cent,  solution  of 
zinc  acetate  in  absolute  alcohol  and  filter.  The  filtrate  should  possess  a 
reddish-green  fluorescence.  In  case  this  gives  a  negative  result  shake 
10  c.c.  urine  with  5  c.c.  warm  amyl  alcohol  after  acidifying  with  hydro- 
chloric acid.  Remove  the  amyl-alcohol  layer,  filter  if  necessary,  render 
it  alkaline  with  NH^OH  and  add  Vz  volume  of  the  10  per  cent,  alcoholic 
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zinc-acetate  solution.     Shake.     Green  fluorescence  if  urobilin  present. 

Experiment  264.  Bile  pigments  (Gmelin-Rosenbach  reaction). — 
Saturate  a  piece  of  filter  paper  with  urine  by  filtering  much  urine 
through  it.  Allow  it  to  dry  partially  and  drop  thereon  a  few 
drops  of  concentrated  nitric  acid.  Around  each  drop  of  nitric  acid 
soon  appears  a  series  of  concentric  rings — ^yellow-red,  red,  violet,  blue 
and  green. 

Experiment  265.  Huppert-Nakayama  reaction  for  bile  pigments. — 
To  5  c.c.  urine  in  a  centrifuge  tube  add  5  c.c.  5  per  cent.  BaClj  solution, 
mix  and  centrifuge.  Pour  off  the  supernatant  clear  solution,  add  to 
the  precipitate  2  c.c.  of  the  special  ferric-chloride  reagent  (4.0  grams 
FeClg  dissolved  in  990  c.c.  95  per  cent,  alcohol  + 10  c.c.  concentrated 
HCl)  and  heat  to  boiling.  The  solution  becomes  green  to  bluish  green 
and  after  adding  a  drop  of  concentrated  nitric  acid  (yellow)  the  solu- 
tion becomes  violet  and  red.  This  reaction  is  stated  to  detect  1  part 
bilirubin  in  1,000,000  parts  urine. 

Blood  in  Urine. 

Experiment  266.  Benzidine  reaction. — To  1  eg.  (a  pinch)  of 
benzidine  in  a  dry  test-tube  add  about  3  c.c.  of  glacial  acetic  acid  and 
mix.  After  a  moment  add  an  equal  volume  of  hydrogen  peroxide. 
Divide  into  two  portions  and  to  one  add  1  c.c.  of  urine.  The  other  serves 
as  a  control.  If  there  is  any  blood  in  the  urine,  or  the  decomposition 
products  of  hemoglobin  the  benzidine  tube  will  be  colored  greenish 
blue. 

Experiment  267.  Guaiac  reaction. — To  5  c.c.  slightly  acid  urine 
add  about  0.5  c.c.  of  a  freshly  prepared  tincture  of  guaiac,  mix  and  then 
add  about  1  c.c.  old  turpentine.  Shake  thoroughly  and  set  aside  for 
a  few  minutes.  If  a  green  to  blue  color  has  not  developed,  add  a  few  c.c. 
of  alcohol  and  again  shake  gently.  In  case  the  result  is  still  negative 
one  can  conclude  that  hemoglobin  is  absent  from  the  urine.  A  blank 
test,  using  water  in  place  of  the  urine,  should  be  made  also.  The 
turpentine  can  be  prepared  by  exposing  it  in  a  flat  dish  for  some 
hours  to  direct  sunlight.  Or  in  making  the  test  add  a  drop  of 
hydrogen  peroxide.  It  is  necessary  that  the  terpentine  be  partially 
oxidized. 

Experiment  268.  Teichmann  hemin  reaction. — ^In  case  267  above 
is  positive  it  is  best  to  confirm  it  by  this  test.  To  10  to  15  c.c.  urine  add 
10  per  cent.  NaOH  to  make  it  strongly  alkaline,  heat  to  boiling  and  set 
aside  to  cool.  Filter  off  the  precipitate  of  phosphates,  etc.  Wash  with 
distilled  water  and  finally  transfer  the  precipitate  to  a  microscopic  slide, 
add  a  very  small  crystal  of  NaCl  and  very  carefully  evaporate  to  dry- 
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ness  over  a  low  flame.  Cover  the  dry  material  with  a  cover  glass  and 
allow  to  flow  under  it  a  drop  or  two  of  glacial  acetic  acid.  Now  again 
warm  gently  over  a  free  flame  until  the  acetic  acid  begins  to  boil  gently. 
Allow  to  cool  and  examine  under  the  microscope  for  the  reddish-brown 
hemin  crystals.    Page  1003. 


Cric  dcSd  crystals  deposited  from  urine. 


Experiment  269.  Spectroscopic  examination. — Examine  by  a 
direct-vision  spectroscope  for  oxyhemoglobin  and  methemoglobin.  Page 
493. 

Exercise  XLVIII.    Quantitative  examination  of  the  tjeine. 

For  the  quantitative  experiments  all  the  urine  for  24  hours  must  be 
carefully  collected.  Two  kinds  of  urine  are  to  be  examined:  (a)  while 
the  student  is  on  a  low  protein  diet  and  (b)  while  he  is  on  a  high  protein 
diet.  , 

In  this  part  of  the  work  students  may  work  in  pairs,  provided 
they  alternate  in  making  the  various  determinations.    The  urine  must, 
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however,  be  collected  in  both  periods  from  the  same  individual  and 
during  24  consecutive  hours  each  time.  The  same  amount  and  kind  of 
exercise  must  be  taken  during  both  diet  periods.  Bottles  provided  for 
the  urine  are  to  be  properly  cleaned  and  rinsed  with  a  saturated  alco- 
holic solution  of  thymol  before  taking  from  the  laboratory.  During  the 
first  period  the  subject  is  to  take  a  low  protein  diet  for  two  days.  On 
the  second  day  of  this  period  the  urine  voided  before  breakfast  is  to  be 
discarded,  but  all  passed  during  the  next  24  hours  is  to  be  collected. 
Other  hours  may  be  more  convenient,  but  consecutive  24  Tiows  must  he 
taken  each  time.  Also  have  the  urine  as  fresh  as  possible  for  analysis. 
Uric  acid  is  to  be  determined  first,  as  it  settles  out  on  standing;  then 
creatinine  and  then  ammonia.  The  thymolized  urine  must  be  kept  in  the 
refrigerator.  The  uric  acid  should  be  determined  within  the  first  24 
hours  after  colleetioli.  In  the  same  way  collect  a  second  sample  of  urine 
two  weeks  later  on  the  second  day  of  a  two-days'  diet  on  high  protein. 
If  possible  weigh  the  food  taken  and  from  the  record  obtained  calculate 
the  caloric  value  in  both  diets.  Submit  your  proposed  diet  to  an  in- 
structor before  beginning  thereon. 

The  following  determinations  are  to  be  made  in  each  of  the  two 
samples  of  urine. 

1.  Volume,  specific  gravity,  odor,  color,  transparency  and  any  sedi- 
'  ments. 

2.  Uric  acid.    By  experiment  288. 

3.  Creatinine.    By  experiment  283. 

4.  Ammonia.    By  experiment  282. 

5.  Total  nitrogen.    By  experiment  273  or  275. 

6.  Creatine.    By  experiment  286. 

7.  Urea.    By  experiments  277  and  280. 

8.  Total  acidity.    By  experiment  293. 

9.  Sulphates  and  total  sulphur.    By  experiments  299  and  300. 

10.  Chlorides.    By  experiment  301. 

11.  Phosphates.    By  experiment  304. 

Experiment  270.  Volume. — ^Determine  the  volume  of  the  well- 
mixed  24-hour  sample  by  means  of  a  1,000  or  2,000  c.c.  cylinder. 

Experiment  271.  Specific  gravity. — Determine  the  specific  gravity 
by  means  of  a  urinometer.  Note  the  temperature  and  for  every  3°  C. 
over  the  temperature  recorded  on  the  urinometer  add  0.001  to  the 
observed  specific  gravity.  For  every  3°  below  subtract  0.001  from  the 
observed  specific  gravity.  It  is  better,  however,  to  cool  the  urine  to 
the  temperature  at  which  the  urinometer  is  to  be  employed  and  then 
determine  the  specific  gravity. 

Experiment  272.  Odor,  color  and  transparency. — Note  these  care- 
fully and  interpret  your  observations. 
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TOTAL  NITROGEN. 

Experiment  273.  Total  nitrogen  by  the  Gunning-Arnold  modifica- 
tion of  the  Kjeldahl  process. — Carefully  measure  into  a  long-necked 
800-1,000  c.c.  Kjeldahl  flask  5  c.e.  of  urine  by  means  of  a  5  c.c.  pipette. 
"With  a  fine  jet  of  water  wash  any  urine  in  the  neck  of  the  flask  down 
into  it.  Use  as  little  water  as  possible.  Add  5  grams  potassium  sulphate, 
or  10  grams  sodium  sulphate,  20  c.c.  pure  concentrated  H2SO4  (Sp. 
G.  1.84)  and  10  c.e.  of  the  HgSOi+CuSO^  solution  (containing  1  gram 
HgS04  and  1  gram  CUSO4  per  10  c.c). 


Fig.    100. 
Fig.    100. — Arrangement  for  rapid  dlstlUatlon  of  ammonia.     (After  FoUn.) 

Heat  on  the  digestion  shelf  until  the  water  has  been  removed,  then 
add  175  grams  more  of  potassium  sulphate  or  30  grams  NajjSO4l0H2O, 
and  continue  the  digestion  for  2%  to  3  hours.  To  have  the  digestion 
complete,  the  mixture  must,  however,  have  been  boiling  for  at  least  2V2 
hours  and  the  hot  solution  left  must  not  be  colored  yellow,  but  simply 
green,  due  to  the  CUSO4.  After  the  digestion  is  complete,  remove  from 
the  digestion  shelf  and,  just  as  the  contents  of  the  flask  begin  to  crystal- 
lize, gradually  add,  while  agitating,  250  c.c.  distilled  water;  stopper 
loosely  and  set  aside  until  it  is  to  be  distilled  as  described  in  experi- 
ment 73. 

Experiment  274.  Simplified  macro  Kjeldahl  method  for  urine. 
(Folin  and  Wright,  J.  B.  C,  38,  1919,  pp.  461-464.)  Takes  only  20  to 
25  minutes  for  determinati&a. 
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Method.  5  e.c.  undiluted  urine  are  measured  by  volumetric  pipette 
into  a  300  e.c.  Pyrex  Kjeldahl  flask,  5  e.c.  of  phosphoric  sulphuric 
acid  mixture*  are  added  and  2  e.c.  of  10  per  cent.  FeClj  solution 
and  4  to  6  small  pebbles  to  prevent  bumping.  Boil  in  hood  over  a 
microburner.  Top  of  burner  not  more  than  1  cm.  from  bottom  of  flask. 
Boil  vigorously.  After  3  to  4  minutes  flask  becomes  filled  with  dense 
white  fumes.  When  this  happens  cover  the  mouth  of  the  flask  with  a 
small  watch  glass  and  continue  vigorous  heating  for  2  minutes.  Then 
turn  flame  very  low  and  boil  gently  2  minutes  more,  making  total  of 
boiling  4  minutes  from  appearance  of  fumes.    Remove  flame  and  cool 
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Fig.   101. 


Pig.   102. 


Fig.  101. — Adapter  to  be  placed  in  the  top  of  the  Kjeldahl  digestion  flasl£  or  large  test- 
tube  to  lie  connected  with  the  suction  for  the  removal  of  SOs  or  other  harmful  fumes 
(FoUn). 

Fio.  102. — Apparatus  set  up  for  the  agration  of  the  ammonia  into  the  sulphuric  acid. 
I'be  test-lube  contains  ihe  Kjeldahl  digestion  made  allialine.  The  air  is  blown  through 
this  and  Into  the  100  e.c.  volumetric  flasl£  containing  the  sulphuric-acid  solution.  A  per- 
frfrated  cork:  disls  is  placed  part  way  down  the  tube  to  prevent  foam  going  over  (Folin). 

for  4  to  5  minutes.  After  4  but  not  more  than  5  minutes  add  first  50  e.c. 
of  water,  then  15  e.c.  sat.  NaOH  solution  and  connect  promptly  (Figure 
100)  the  flask  by  rubber  stopper  and  ordinary  glass  tubing  with  receiver 
containing  35  to  75  e.c.  of  O.IN  H2SO4  together  with  \Fater  enough  to 
make  total  volume  150  e.c.  and  a  drop  or  two  of  alizarin  red.  300  c.c. 
Florence  Pyrex  flasks  are  best  for  receivers.  As  soon  as  connection  is 
made  with  the  end  of  the  tube  below  the  surface  of  liquid  apply  flame 

'  To  50  c.c.  5  per  cent.  CuSO    add  300  e.c.  85  per  cent.  H  PO    and  100  c.c.  con. 
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with  full  force  but  not  directly  under  the  center  until  acid  and  alkali 
have  had  time  to  mix.  After  4  to  5  minutes  boiling  remove  stopper  from 
flask  and  then  turn  off  the  flame.  Leave  the  lower  part  of  the  tube  in 
the  flask.  Cool  flask  under  the  tap,  then  titrate  the  excess  acid  with 
O.JN  NaOH. 

This  method  not  applicable  to  proteins,  milk,  etc.,  in  which  longer 
heating  is  necessary.    Sugar  urines  require  about  6  minutes  of  heating. 

Experiment  275.  Determination  of  total  nitrogen  in  urine.  Micro- 
chemical.    (Folin  and  Farmer,  Jour.  Biol.  Ckem.,  XI,  1912,  p.  493.)— 


AIR 
FROM  » 

WA8HB0TTLE 


sucTiorl 


Fid.  103. 

FlQ.    103. The   same   as   Fig.   69,   except   arranged   for   suction   in   place   of   a  blast 

(FoUn). 

5  c.c.  of  urine  are  measured  into  a  50  e.c.  measuring  flask,  if  the  specific 
gravity  of  the  urine  is  over  1.018,  or  into  a  25  c.c.  flask  if  the  specific 
gravity  is  less  than  1.018  (the  urine  should  be  so  diluted  that  1  c.c. 
contains  from  0.75-1.5  mgs.  of  N) .  Fill  the  flask  to  the  mark  with  water 
and  invert  a  few  times  to  secure  a  thorough  mixing.  1  c.c.  of  this 
diluted  urine  is  measured  into  a  large  test-tube  of  Jena  glass  (size  20 
to  25  mm.  by  200  mm.).  To  the  urine  in  the  test-tube  add  1  c.c.  of 
concentrated  sulphuric  acid,  1  gram  of  potassium  sulphate,  1  drop  of 
5  per  cent.  CuSO^  solution  and  a  small,  clean  quartz  pebble  to  prevent 
bumping.  Boil  over  a  micro-burner  for  about  6  minutes:  i.e.,  about  2 
minutes  after  the  mixture  has  become  colorless.  As  soon  as  the  water 
is  boiled  off  and  white  fumes  begin  to  fill  the  tube  cover  the  mouth 
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with  a  water  crystal,  turn  the  micro-burner  down  until  the  solution 
just  boils  and  boil  at  this  rate  until  the  end.  Allow  to  cool  about  3 
minutes  until  the  digestion  mixture  is  beginning  to  become  viseuous, 
but  it  must  not  be  allowed  to  solidify.  Add  about  6  c.c.  of  water  at 
first,  a  few  drops  at  a  time,  then  more  rapidly  so  as  1o  prevent  the 
mixture  from  solidifying.  To  the  acid  solution  is  then  added  an  excess 
of  sodium  hydrate  (3  c.c.  of  saturated  solution)  and  the  NH^  is  aspirated 
by  means  of  a  rapid  air  current  (see  Figure  102)  into  a  100  c.c.  measur- 
ing flask  containing  about  20  c.c.  of  water  and  2  c.c.  of  N/10  H„S04. 
The  air  current  used  for  driving  off  the  ammonia  should  be  rather 


Fig.  104., — Apparatus  as  set  up  In  FoUn's  laboratory,  showing  the  smaU  Kjeldahl 
dlgestioD  flasks  or  test-tube  at  tbe  riKht  with  the  adapter  above  and  micro-burner  beneath. 
Other  solutions  givi»g  otE  odors  or  irritating  fumes  are  shown  over  the  other  burners. 
The  large  bottle  contains  an  alkaline  solution,  and  the  whole  Is  connected  with  the  water 
pump  at  the  left   (Folln). 

moderate  for  the  first  2  minutes,  but  thereafter  for  8  minutes  it  should 
be  as  rapid  as  the  apparatus  can  stand.  Compressed  air  is  best  used, 
but  in  the  absence  of  this  an  air  current  may  be  drawn  through  by 
a  pump.  In  that  ease  the  NHg  is  not  received  directly  into  the  measur- 
ing flask,  since  the  mouth  of  the  latter  is  too  narrow  to  take  a  double- 
bored  stopper,  but  is  received  in  a  second  test-tube  and  the  contents  of 
this  afterwards  washed  into  a  100  c.c.  measuring  flask.     (Figure  103.) 

Nesslerizing.  After  10  minutes  disconnect;  dilute  the  contents  of 
the  flask  to  about  60  c.c.  and  dilute  similarly  the  standard  ammonium- 
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sulphate  solution,  of  which  enough  has  been  taken  to  contain  1  mg. 
of  N,  to  about  the  same  volume  in  a  second  100  c.c.  volumetric  flask. 
Nesslerize  both  solutions  as  nearly  as  possible  at  the  same  time  with 
5  c.c.  of  Nessler's  reagent  diluted  immediately  beforehand  with  about 
25  c.c.  of  water  (5  c.c.  of  Nessler's  reagent  gives  the  maximum  color 
with  1  to  2  mgs.  of  ammonia  and  when  diluted,  as  indicated,  turbidity 
is  avoided).  The  color  produced  does  not  reach  its  maximum  for  about 
half  an  hour,  but  the  increase  is  small  and  is  immaterial  when  both 
are  Nesslerized  at  the  same  time.  Fill  the  two  flasks  at  once  to  the 
mark  with  distilled  water  and,  after  mixing  each,  determine  the  relative 
intensities  of  color  by  a  Dubose  colorimeter.  Set  the  standard  at  20 
and  match  the  unknown  with  it  by  moving  the  prism  up  or  down.  The 
calculation  is  easy.  If  the  unknown  is  at  14  when  the  two  have  the 
same  tint  in  the  colorimeter,  the  amount  of  nitrogen  is  20/14X1  mg. 
in  the  amount  of  urine  taken.  It  is  important  in  reading  the  colorimeter 
to  bring  the  two  sides  to  equality  of  color,  first  from  below  and  then 
from  above,  or  vice  versa,  and  to  take  the  mean  of  several  readings. 
In  the  case  cited  1  c.c.  contains  1.43  mgs.  N.  If  the  urine  was  diluted 
lOX,  then  each  c.c.  of  the  original  urine  contained  14.3  mgs.  100  c.c. 
of  urine  would  contain  1.43  grams  of  N. 

Preparation  of  the  standard  solution  of  ammonium  sulphate.  Am- 
monium salts  generally  contain  pyridine  bases.  To  prepare  pure 
ammonium  sulphate  decompose  a  high-grade  ammonium  sulphate  with 
caustic  soda  and  pass  the  ammonia  by  means  of  an  air  current  into 
pure  sulphuric  acid.  Precipitate  the  salt  so  obtained  by  the  addition 
of  alcohol,  redissolve  in  water  and  again  precipitate  with  alcohol  and 
finally  dry  in  a  desiccator  over  sulphuric  acid. 

9.4285  grams  of  ammonium  sulphate  are  dissolved  in  water  and  the 
volume  made  up  to  1  liter  (stock  solution). 

100  c.c.  of  the  stock  solution  are  diluted  to  form  1  liter.  This  is  the 
standard  solution.    5  c.c.  contain  1  mg.  of  nitrogen. 

Nessler  reagent.  Dissolve  62.5  gm.  KI  in  about  250  c.c.  distilled 
water.  Set  aside  a  few  c.c.  and  add  gradually  to  the  larger  part  a  cold 
saturated  soluton  of  mercuric  chloride  until  a  faint  permanent  precipi- 
tate is  produced  (about  500  c.c.  required).  Add  the  reserve  portion  of 
KI  and  then  more  HgClj  solution  gradually  until  a  slight  permanent 
precipitate  is  again  formed.  Dissolve  150  grams  of  solid  KOH  in  150  c.c. 
distilled  water,  allow  to  cool  and  add  gradually  to  the  above  solution 
and  make  the  volume  finally  to  1  liter  with  water.  After  settling,  decant 
the  clear  liquid  into  another  bottle  and  keep  in  the  dark.  Reagent  im- 
proves on  keeping. 
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UREA. 

Quantitative  determination  of  urea. — The  best  method  for  the 
quantitative  determination  of  urea  is  probably  the  urease  method.  The 
other  methods  which  are  given  here  are,  however,  good,  particularly 
when  applied  to  human  urine  which  has  little  or  no  allantoine.  The 
Benedict  method  determines  not  only  the  urea,  but  about  50-70  per  cent, 
of  the  allantoine.  Allantoine  is  present  in  the  urine  of  the  lower  animals 
in  larger  amounts  than  in  human  urine,  so  that  the  urease  method  is  to 
be  preferred  in  examining  all  urines.  In  human  urines  there  is  so  little 
allantoine  that  the  Benedict  method  may  be  used  without  appreciable 
error. 

Experiment  276.  Estimation  of  urea  by  the  Benedict  method. — 
Principle.    The  urea  is  hydrolyzed  to  ammonium  carbonate  by  the  acid 
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Fig.  105., — Copper  baths  designed  bv  Koch  for  use  in  the  Benedict  methbd.  They  are 
of  copper,  and  the  oiitpi-  is  partially  filled  with  paraffin.  Thp  tesl-tuhes.  with  the  urine, 
etc.,  go  into  the  copper  tubes,  which  they  closely  fill,  but  they  do  not  come  In  contact 
with  thp  oil.  Two  such  baths  are  in  the  laboratory  ;  one  kept  at  140-150°  and  the  other 
at  165-170"  C. 

developed  from  KHSO4  and  ZnSOi  by  heating  for  a  certain  time  at 
definite  temperatures.  The  solution  is  then  made  alkaline  and  distilled 
as  usual  into  a  measured  amount  of  sulphuric  acid  as  in  the  Kjeldahl 
process. 

Method.  Weigh  off  3  grams  KHSO4  and  2  grams  ZnS04  and  transfer 
to  a  large  (1  inch)  test-tube.  Add  5  c.c.  urine,  a  pinch  of  paraffin  and 
of  pumice.    Boil  almost  to  dryness  in  the  oil  bath  kept  at  130-150°  C. 
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Now  transfer  to  another  bath  kept  at  165-170°  C.  and  heat  thus  for  1 
hour.  Allow  to  cool  partly,  then  transfer  the  contents  of  the  tube  to 
an  800  e.e.  Kjeldahl  flask,  using  hot  distlled  water  and  diluting  to  about 
400  e.e.  with  cold  distilled  water.  Add  a  small  amount  of  granular  zinc 
and  5  c.c.  of  the  40 :  100  NaOH  solution.    Distill  into  50  c.c.  n/10  H^SOi 


Fig.  106. — Koch's  aSratlon  tube  for  use  in  Folln'a  microehemlcal  or  macrochemlcal 
method  of  aerating  ammonia  from  a  solution  to  acid.  D  Is  a  section  of  a  wooden  base 
containing,  in  the  Chicago  laboratory,  12  agratlon  apparatus,  as  Indicated.  Only  half 
of  the  wooden  base  is  shown  in  the  cut.  The  other  half  is  like  this  and  faces  It,  and 
the  air  Inlet  Is  a  metal  pipe  provided  with  cocks  running  between  the  two  halves.  A  Is 
the  aeration  tube  containing  the  alkaline  solution  to  be  aSrated  and  filled  to  the  mark 
shown  and  covered  with  a  little  paraffin  oil.  C  is  a  cylinder  containing  the  acid,  the 
amount  of  which  is  known  ;  B  is  a  Folin  aSratlon  tube.  An  upright  metal  rod  carries 
metal  clips  shown,  but  not  lettered,  which  support  the  tubes. 


as  usual.  Use  congo  red  as  indicator.  Correct  for  the  ammonia  in  the 
urine  and  also  make  a  blank  test  on  your  reagents  and  process.  Calcu- 
late as  urea  and  urea  N  both  in  grams  per  100  c.c.  urine,  and  grams 
per  24  hours.  1  c.c.  n/10  H2SO4  is  equivalent  to  0.0014  grams  of  N. 
If  X  c.c,  of  the  n/10  HjSO^  are  neutralized  by  the  ammonia  from  the 
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urea  and  ammonia  combined,  then  O.OOU  x  —  ammonia  N  will  be  the 
urea  N  in  5  e.e.  of  urine.    The  urea  is  ^gths  of  the  urea  N. 

Experiment  277.  Quantitative  determination  of  urea  by  the 
urease  method  (Marshall;  Van  Slyke  and  GvMen) .—Principle.  The 
urea  is  decomposed  to  ammonium  carbonate  by  the  action  of  the  specific 
enzyme,  urease,  found  in  the  castor  or  jack  bean.  The  dried  urease  is 
prepared  and  put  on  the  market  but  finely  ground  jack  bean  does  as 
well.  See  page  1014.  This  is  in  many  ways  the  ideal  method,  for  it 
requires  no  heating,  no  addition  of  salt  and  the  action  of  the  enzyme 
is  specific,  not  affecting  or  hydrolyzing  the  other  constituents  of  the 
urine.  The  ammonia  nitrogen  must  be  separately  determined,  as  in  the 
other  methods,  and  the  amount  subtracted  from  the  amount  given  by 
this  method.  The  ammonia  set  free  by  the  urease  is  carried  over  by  an 
air  stream  into  standard  acid  and  determined  either  by  titration,  if 
large  amounts  have  been  taken,  or  better  by  Nesslerizing  if  small 
amounts  of  urine  are  used. 

Experimetit :  Determination  of  urea  in  urine.  Into  each  of  two 
clean  absorption  cylinders  (Figure  106)  (or  large  test-tubes)  measure  off 
carefully  by  a  burette  20  c.c.  N/10  H2SO4,  then  add  enough  distilled 
water  just  to  cover  the  bell  of  the  absorption  tube,  B,  when  the  same 
is  attached  to  the  Koch  ammonia  aeration  tube,  A  (Figure  106).  Hav- 
ing these  prepared,  now  very  carefully  measure  off  into  the  aeration 
tube.  A,  (or  into  a  large  test-tube  previously  washed  with  HNO3  to 
remove  any  toxic  metals  absorbed  by  the  glass  (Figure  102),  1  c.c.  urine, 
10  c.c.  water  and  5  c.c.  of  a  5  per  cent,  urease  solution,  or  1  gram  jack 
bean  powder,  mix  well,  add  5  c.c.  paraffin  oil  and  at  once  connect  with 
the  absorption  tube.  Prepare  another  aeration  tube  in  the  same  way, 
using  1  c.c.  water  instead  of  1  c.c.  urine.  After  both  tubes  are  con- 
nected, at  once  aerate  at  a  fair  rate  for  30  minutes.  Next  rapidly  add 
to  each  aeration  tube  5  grams  dry  NaaCOg,  again  connect  and  again 
aerate  vigorously  (avoid  foaming)  for  1  hour.  Titrate  the  acid  solution 
in  the  absorption  cylinder  or  test-tube  with  N/10  NaOH,  using  congo  red 
as  indicator  and  leaving  the  absorption  tube  in  the  cylinder.  Allow  for 
the  blank  titration  and  calculate  to  urea  nitrogen  after  correcting  for  the 
ammonia  nitrogen  as  estimated  below.  Calculate  the  per  cent,  of  the 
total  nitrogen  found  as  urea  nitrogen  and  also  the  grams  of  urea 
nitrogen  and  urea  as  such  in  the  24rhour  sample.  For  calculation,  see 
experiment  276. 

Experiment  278.  Determination  of  urea  by  urease. — The  following 
description  of  the  method  has  been  taken  from  the  circular  sent  out 
with  the  commercial  preparation  "  arlco-urease  "  and  may  be  followed 
in  the  absence  of  the  aeration  device  just  described : 
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"  Standardization  of  the  enzyme.  One-tenth  gram  of  arlco-urease 
dissolved  in  1  c.c.  of  water  and  added  to  5  e.e.  of  1  per  cent,  solution  of 
pure  urea  will  hydrolyze  .0168  gram  of  urea,  yielding  .00953  gram  of 
ammonia,  which  is  equivalent  to  28  c.c.  of  fiftieth  normal  acid,  in  15 
minutes  at  25°  C,  or  in  correspondingly  less  time  as  the  temperature 
approaches  50°  C.  as  a  maximum.  Therefore,  from  these  standardiza- 
tion data  one  ean  calculate  the  amount  of  arlco-urease  required  to 
decompose  a  given  quantity  of  urea  in  a  solution  where  the  analysis 
is  desired. 

"  Determination  of  urea  (in  urine).  Dilute  the  urine  ten  times. 
Take  5  c.c.  of  the  diluted  urine  for  analysis.  Add  to  this,  in  a  100  c.c. 
test-tube  a  few  drops  of  caprylie  alcohol  or  1  c.c.  of  amyl  alcohol  or 
kerosene  to  prevent  subsequent  foaming;  then  add  1  c.c.  of  a  15  per 
cent,  solution  of  arlco-urease.  Close  with  stopper,  and  allow  to  stand 
until  the  reaction  is  complete.  Allow  15  minutes  at  20°  C.  (68°  F.)  or 
10  minutes  at  25°  C.  (79°  F.) ;  3  minutes  suffice  at  50°  C.  (122°  F.). 
The  tube  is  connected  through  its  stopper  with  a  second  tube  containing 
25  c.c.  of  fiftieth  normal  hydrochloric  acid.  Aerate  the  digestion  mix- 
ture for  half  a  minute  after  the  reaction  is  complete  and  before  the 
tube  is  opened,  in  order  to  prevent  loss  of  any  possible  ammonia  fumes 
in  upper  part  of  tube.  Open  tube,  add  dry  postassium  carbonate  (4  to  5 
grams),  close  quickly  and  aerate  for  about  15  minutes,  as  in  Folin's 
micro-method  for  ammonia  determination,  or  until  all  ammonia  gas  has 
been  carried  over  into  the  standard  acid.  Then  to  complete  the  analysis, 
titrate  the  acid  solution  to  neutrality  with  fiftieth  normal  sodium  hydrox- 
ide, using  as  indicator  1  drop  of  a  1  per  cent,  sodium  alizarin  sulphonate 
solution.  The  number  of  c.c.  of  fiftieth  normal  acid  neutralized  by  the 
ammonia  from  the  urea  is  multiplied  by  .12  to  give  the  per  cent,  urea 
in  the  urine,  or  by  .056  to  give  the  per  cent,  urea  nitrogen.  Under  ordi- 
nary conditions,  the  total  time  for  a  complete  analysis  need  not  exceed 
30  minutes,  and  it  can  be  reduced  considerably  below  this  limit. 

"  (In  blood).  Urease  is  particularly  valuable  in  permitting  a  sim^ 
pie  and  accurate  determination  of  urea  in  the  blood.  Five  c.c.  of  freshly- 
drawn  blood  are  mixed  in  a  100  c.c.  test-tube  with  1  c.c.  of  5  per  cent, 
potassium-citrate  solution  to  prevent  clotting,  a  few  drops  of  caprylie 
alcohol  to  prevent  foaming  during  subsequent  aeration,  and  1  c.c.  of  a 
10  per  cent,  solution  of  arlco-urease.  The  remainder  of  the  procedure 
is  the  same  as  described  for  urine,  except  that  only  10  c.c.  of  fiftieth 
normal  acid  need  ordinarily  be  used.  In  this  case  the  number  of  c.c. 
of  fiftieth  normal  acid  neutralized  is  multiplied  by  .012  to  give  the  per 
cent,  of  urea,  or  by  .0056  to  give  the  per  cent,  of  urea  nitrogen." 

Experiment  279.  Quantitative  determination  of  urea  by  Folin's 
microchemical  method  {Jour.  Biol.  Chem.,  XI,  1912,  p.  513). — Princi- 
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pie.  The  urea  is  decomposed,  forming  ammonia,  by  heating  with  solid 
potassium  acetate  and  a  little  acetic  acid  at  153-160°  C.  The  ammonia 
is  then  liberated  from  the  ammonium  acetate  by  the  addition  of  sodium 
hydrate  and  carried  over  by  a  strong  air  current  into  a  measured  amount 
of  standard  acid  in  a  volumetric  flask.  The  contents  of  the  flask  are 
filled  up  to  the  mark  and  the  amount  of  ammonia  determined  by 
Nesslerizing  as  in  the  total  nitrogen  method. 

Procedure.  The  urine  is  diluted  so  that  1  c.c.  contains  0.75  to  1.5 
tngs.  of  urea  nitrogen.  Dilutions  of  1  in  20,  1  in  10  or  rarely  1  in  5 
are  usually  adequate  for  this  purpose.  One  cubic  centimeter  of  the 
diluted  urine  is  then  transferred  by  means  of  an  accurate  pipette 
(Ostwald)  to  a  large,  dry  Jena-glass  test-tube  (200  mm.  by  20  mm.) 
previously  charged  with  7  grams  of  dry  potassium  acetate  (free  from 
lumps) ,  1  c.c.  of  50  per  cent,  acetic  acid,  a  small  sand  pebble  or  better 
a  little  powdered  zinc  (not  zinc  dust)  to  prevent  bumping  during  the 
boiling,  and  a  temperature  indicator.  Close  test-tube  by  means  of  a 
rubber  stopper  carrying  an  empty,  narrow  calcium-chloride  tube  with- 
out a  bulb  (size  25  cm.  by  1.5  cm.)  to  act  as  a  condenser.  Suspend  the 
tube  by  means  of  a  burette  clamp  so  that  it  can  be  raised  or  lowered 
and  heat  over  a  micro-burner.  As  soon  as  the  acetate  dissolves  and  the 
mixture  begins  to  boil,  usually  in  about  2  minutes,  the  indicator  begins 
to  melt,  showing  that  the  desired  temperature  (153-160°)  has  been 
reached.  Continue  gentle  boiling  for  10  minutes,  when  decomposition 
of  the  urea  is  complete.  Remove  apparatus  from  the  flame  and  dilute 
the  contents  of  the  tube  with  5  c.c.  of  water  added  by  a  pipette  partly 
through  the  CaC\  tube  so  as  to  wash  off  the  bottom  of  the  rubber  stopper 
and  the  sides  of  the  tube.  Use  not  more  than  5  c.c.  for  this  purpose. 
Add  2  C.C.  of  saturated  NaOH  or  K2CO3  solution  and  drive  the  liberated 
NH3  over  into  a  100  c.c.  volumetric  flask  containing  about  35  c.c.  water 
and  2  c.c.  N/10  sulphuric  acid,  by  means  of  an  air  current  as  in  the  total 
nitrogen  determination.  (See  Figure  102.)  10  minutes  is  sufficient  if 
a  rapid  air  current  is  used.  Determine  the  N  in  the  flask  after  making 
up  to  100  c.c.  by  the  Nessler  and  colorimetric  method  as  described  under 
experiment  275. 

This  method  determines  both  urea  and  ammonia  nitrogen.  This 
method  may  be  used  when  urease  is  not  available.  Neither  creatinine 
nor  hippuric  acid  gives  a  trace  of  ammonia.  AUantoine  may  give  off 
about  V2  its  N  in  the  presence  of  zinc,  but  in  its  absence  it  behaves  like 
urea,  provided  its  quantity  does  not  exceed  0.5  mgs.  of  allantoine  N. 
Uric  acid  may  give  a  little  N,  but  it  is  quantitatively  imperceptible, 
in  the  presence  of  the  urea. 

It  is  important  to  have  potassium  acetate  which  is  dry  and  free  from 
ammonia.     This  is  made  by  J.  T.  Baker  Chemical  Company,  Phillip^- 
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burg,  N.  J.  The  best  German  product  is  generally  dry  enough,  but  it 
should  be  tested  for  ammonia.  The  American  acetate,  except  that  men- 
tioned, is  apt  to  have  too  much  water  in  it.  It  may  be  dried  by  placing 
about  a  pound  of  it  in  a  large  porcelain  dish  and  letting  it  stand  on  a 
warm  plate  (at  about  115°)  for  about  24. hours.  The  plate  must  not  be 
too  hot  or  acetic  acid  will  be  driven  off. 

Temperature  indicator.  This  consists  of  a  small  amount  of  HglCl 
sealed  into  a  small  glass  bulb  not  over  1  mm.  in  diameter.  They  may 
be  obtained  from  Eimer  and  Amend  in  New  York.  This  salt  is  bright 
red  at  ordinary  temperatures.  At  118°  it  turns  lemon  yellow  and  at 
155°  melts  to  a  clear  dark  red  liquid.  It  solidifies  on  cooling  at  148°  C. 
and  slowly  takes  again  its  red  color  in  about  24  hours.  The  acetate 
begins  to  cake  and  solidify  at  160°  C.  So  this  temperature  must  be 
avoided.     The  indicator  is  made  by  heating  in  a  dry  state  intimately 
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Pig.  107. — Arrangement  for  the  determination  of  urea  by  the  hypobromite  method. 


mixed  molecular  proportions  of  mercuric  chloride  and  iodide  at  150- 
160°  for  6  to  8  hours.  It  is  then  cooled,  powdered  and  kept  dry  until 
sealed  up  in  bulbs  for  use.  The  advantage  of  this  method  is  that  a  ther- 
mometer need  not  be  introduced. 

It  is  important  in  making  the  determniation  that  no  bumping  or 
spattering  occur.  The  test-tube  must  be  dry.  If  too  much  heat  is 
applied  the  acetate  cakes  at  the  bottom,  if  too  little  it  cakes  at  the  top. 
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The  bottom  of  the  test-tube  should  be  some  distance  above  the  micro- 
flame,  which  should  be  about  0.5  em.  long.  It  should  boil  gently  with- 
out caking.  Bottomless  beakers  make  excellent  wind  shields  for  these 
micro-flames. 

Computation.  If  the  colorimeter  tube  A,  the  standard,  has  been  set 
at  20  and  the  other  tube  B  reads  15  when  both  colors  match,  then  the 
amount  of  nitrogen  in  the  1  c.e.  of  diluted  urine  taken  would  be  20/15 
mg.  If  the  urine  was  diluted  10  times,  the  amount  of  urea  N  in  1  c.c. 
of  undiluted  urine  would  be  200/15  mgs.  And  in  100  c.c.  of  urine  it 
would  be  100  times  this  amount. 


r-\ 


Fig.  108. — Doremus  ureera«ter. 


Experiment  280.     Estimation  of  urea  by  the  hypobromite  method 

(Krogh,  Zeit.  f.  physiol.  GJiem.,  LXXXIV,  19i\Z) .—Principle.  The 
urea  is  oxidized  by  bromine,  or  more  properly  by  sodium  hypobromite 
with  the  formation  of  carbon  dioxide  and  nitrogen  gas.  The  carbon 
dioxide  is  absorbed  by  strong  alkali  and  the  nitrogen  collected  and 
measured  volumetrically.    The  reaction  is  as  follows : 

CO  (NH^ )  ^  +  SNaOBr  =  3NaBr  -f  CO^  -f  2H^0  -f  N^ 

Even  with  pure  urea  and  with  temperature  and  barometric  pressure  cor- 
rection this  method  gives  inaccurate  results,  but  in  the  urine  as  ordi- 
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narily  tried  it  gives  very  inaccurate  results.  Not  only  urea  but  also 
ammonia  salts  and  other  nitrogen  constituents  of  the  urine  give  off  their 
N  so  that  the  amount  of  N  found  is  generally  nearer  the  total  N  than 
it  is  the  urea  N.  It  gives,  however,  a  rapid,  not  too  difficult,  approxi- 
mate determination  of  the  total  N  of  the  urine  which  can  be  used 
clinically.    Some  CO  and  NO  gases  are  formed  also. 

Process.  Use  the  apparatus  figured  in  cut  107.  Various  fonns  of 
ureometers  have  also  been  proposed,  of  which  one  is  figured  in  Figure 
108.  They  are  very  inaccurate,  but  convenient.  A  50  c.c.  burette  (a)  is 
supported  in  a  clamp  attached  to  a  lampstand  and  immersed  in  a  tall 
measuring  cylinder  filled  with  water.  The  upper  end  of  the  burette 
carries  a  one-hole  rubber  stopper  through  which  passes  a  T  tube,  the 
free  end  of  the  tube  being  closed  by  a  rubber  tubing  clamped  by  a  screw 
clamp  (e).  The  other  arm  of  the  T  is  connected  by  a  piece  of  rubber 
tubing  to  a  glass  tube  which  goes  through  the  one-hole  rubber  stopper 
in  the  neck  of  the  wide-mouth  bottle  C.  The  bottle  C  is  supported  in  a 
crystallizing  dish  resting  on  a  ring  of  the  lampstand.  Water  is  put  in 
the  crystallizing  dish  so  as  nearly  to  cover  the  bottle.  A  short  glass  vial 
(d)  of  about  10  c.c.  capacity  is  placed  in  the  bottle. 

Place  25  c.c.  of  hypobromite  solution  in  the  bottle  C.  Into  the  vial 
place  5  c.c.  of  the  urine.  With  forceps  carefully  place  the  vial  upright 
in  the  hypobromite  bottle  so  that  the  urine  does  not  come  in  contact 
with  the  solution.  While  the  screw  clamp  (e)  is  open  place  the  stopper 
in  the  bottle  and  the  bottle  in  the  jar  of  water  and  leave  for  a  few 
moments  to  acquire  the  temperature  of  the  water.  Adjust  the  burette 
so  that  the  level  of  the  water  in  the  burette  is  a  little  below  the  begin- 
ning of  the  scale  on  the  burette,  screw  the  screw  clamp  tight  shut  and 
read  the  burette.  The  level  of  the  water  should  be  the  same  within  and 
without  the  burette  when  the  reading  is  made.  Now  raise  the  bottle 
and  capsize  the  vial  and  mix  the  hypobromite  and  urine  thoroughly. 
Gas  is  given  off.  Place  the  bottle  back  in  the  water  and  after  three 
minutes  again  adjust  the  burette  by  raising  it  so  that  the  level  of  the 
water  within  and  without  the  burette  is  again  the  same.  Read  the 
burette  carefully  and  subtract  from  this  the  former  reading.  The  result 
is  the  c.c.  of  Nj  gas  which  have  been  evolved. 

Calculation.  The  reading  is  corrected  for  temperature  and  pressure 
and  the  pressure  of  aqueous  vapor  as  follows :  If  v  is  the  actual  reading, 
if  t  is  the  temperature  at  which  the  reading  was  made,  p'  the  pressure 
due  to  aqueous  vapor  and  p  the  barometric  pressure,  then  at  0°  and  760 
mm.  barometric  pressure  the  real  volume  of  N  gas  evolved  measured  at 
0°  and  760  mm.  is  v'. 

,_vx273x  (p  — p') 
^  ~   (273 -I- 1)  x760 
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1  gram  of  urea  evolves  357  c.c.  of  N,  measured  under  standard  condi- 
tions. v7357  represents,  then,  the  amount  of  urea  in  5  e.e.  of  urine. 
And  20  v7357,  the  grams  of  urea  in  100  c.c.  of  urine. 

Hypabromite  solution.  Add  slowly  25  c.c.  of  bromine  to  the  cooled 
solution  of  100  grams  NaOH  in  250  c.c.  of  water.  Cool  under  the  tap 
while  adding  the  bromine.  The  solution  must  be  made  shortly  before 
use,  since  on  standing  a  part  is  converted  to  bromate.  The  reaction  is 
as  follows : 

2NaOH  +  Br^  =  2NaOBr 

3NaOBr  =  2NaBr  +  NaBrO 

AMMONIA. 

Experiment  281.  Estimation  of  ammonia  nitrogen  by  the  Folin 
macrochemical  method. — Principle.  The  ammonia  of  the  urine  is  freed 
by  making  the  urine  alkaline  by  the  addition  of  NaaCOg.  A  strong 
current  of  air  is  then  blown  or  drawn  through  the  apparatus  and  carries 
the  ammonia  over  into  a  second  tube  which  contains  a  measured  amount 
of  N/10  H,S04. 

Procedure.  Set  up  the  apparatus  as  shown  in  Figure  103  or  106. 
Introduce  20  c.c.  N/10  HsSO^  into  the  absorption  cylinder  and  add 
enough  distilled  water  to  just  cover  the  bell  of  the  absorption  tube  when 
the  same  is  attached  to  the  ammonia  aeration  tube.  Carefully  measure 
off  by  means  of  a  pipette  25  c.c.  urine  into  the  aeration  tube,  also  5  c.c. 
paraffin  oil  and  5  grams  dry  NajCOj.  At  once  connect  with  the  absorp- 
tion tube  and  aerate  vigorously  for  1%  hours.  Titrate  in  the  absorption 
cylinder  as  indicated  above,  using  congo  red  as  indicator.  Calculate  the 
total  grams  of  nitrogen  found  as  ammonia,  also  calculate  what  per  cent,  of 
the  total  nitrogen  this  represents,  as  well  as  the  total  grams  of  ammonia 
found  in  the  24-hour  sample.    For  calculation  see  experiment  276. 

Experiment  282.  Microchemical  method  for  the  estimation  of 
ammonia  in  urine  (Folin  and  MacuUum,  Jour.  Biol.  Chem.,  XI,  1912, 
p.  523). — Into  a  large  75  c.c.  test-tube  measure  by  means  of  an  accurate 
pipette  1  to  5  c.c.  of  urine.  The  volume  taken  should  give  0.75  to  1.5 
mgs.  ammonia  nitrogen.  With  normal  urines  2  c.c.  will  most  often  give 
the  amount.  "With  very  dilute  urines  5  c.c.  will  be  necessary,  and  with 
diabetic  urine  with  much  ammonia  1  e.e.  may  be  too  much  and  the 
urine  must  be  diluted.  Add  to  the  urine  in  the  tube  enough  water  to 
make  the  total  about  5  c.c,  then  a  few  drops  of  a  solution  containing 
10  per  cent,  of  KjCOg  and  15  per  cent,  potassium  oxalate,  and  a  few 
drops  of  keroesne  or  heavy,  crude  machine  oil  to  prevent  foaming. 
Introduce  a  tube  through  a  cork  as  in  the  determination  of  the  total 
nitrogen   (Figure  103)   and  pass  a  strong  current  of  air  through  the 
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mixture  for  10  minutes,  or  as  long  as  it  is  necessary  to  drive  off  all  the 
NHg,  and  collect  the  NH3  in  a  100  c.c.  measuring  flask  containing  about 
20  C.C.  of  water  and  2  c.c.  N/10  H2SO4.  Nesslerize  as  in  the  total  N 
method  (page  1083)  and  compare  the  color  with  1  mg.  of  nitrogen  ob- 
tained from  a  standard  ammonium-sulphate  solution  and  similarly 
Nesslerized.  This  method  is  very  convenient  and  rapid.  The  computa- 
tion is  made  as  in  the  other  colorimetric  determinations.  (Experiment 
275.) 

CREATININE  AND  CREATINE. 

Experiment  283.  Estimation  of  creatinine  by  the  Folin  colori- 
metric method. — The  significance  and  chemistry  of  creatinine  is  dis- 
cussed on  page  709. 

Principle.  The  principle  of  the  method  consists  in  the  reduction  of 
picric  acid,  C8H2(N02)30H,  to  picramic  acid,  CeH2(N02)2(NH2)0H. 
Picramic  acid  in  alkaline  solution  has  a  reddish-brown  color  and  its 
amount  is  determined  colorimetrically  by  comparing  it  in  a  Duboseq 
colorimeter  with  a  standard  of  N/2  potassium  bichromate  solution,  or 
with  a  standard  formed  by  reducing  picric  acid  by  a  known  amount  of 
creatinine. 

Process.  Before  making  the  estimation,  learn  to  use  the  Duboseq 
colorimeter  and  compare  two  samples  of  N/2  potassium-bichromate  solu- 
tion with  each  other,  setting  the  one  at  a  depth  of  8  mm.  and  adjusting 
the  other  until  the  two  fields  appear  the  same  in  intensity.  Then  read 
the  scale ;  the  variation  should  not  be  more  than  0.2  mm.  Continue  this 
drill  until  you  have  accustomed  your  eyes  to  the  instrument. 

Into  a  500  c.c.  volumetric  flask  introduce  10  c.c.  urine,  measured  by 
a  pipette.  Now  add  by  means  of  a  pipette  15  c.c.  saturated  (aqueous) 
picric-acid  solution,  mix  well  and  then  add  5  c.c.  of  a  clear  10  per  cent. 
NaOH  solution.  At  once  mix  well,  note  the  time  and  allow  to  stand  at 
room  temperature  for  exactly  5  minutes.  In  the  meantime  prepare  the 
Duboseq  colorimeter  with  a  standard  tube  of  N/2  potassium-bichromate 
solution  and  set  the  scale  at  8  mm.  After  standing  the  5  minutes,  add 
enough  water  to  make  up  to  500  c.c,  mix  well  and  compare  the  solution 
with  the  bichromate  solution,  taking  at  least  three  readings,  but  keeping 
the  standard  set  at  8  mm.  Match  the  colors  both  when  approaching  the 
correct  point  from  above  as  well  as  from  below.  Slightly  different  values 
will  be  obtained.  The  three  readings  should  not  vary  more  than  0.2 
to  0.3  mm.  from  each  other  and  the  color  of  the  creatinine  solution  should 
be  of  such  intensity  that  the  reading  on  the  colorimeter  scale  will  be 
somewhere  between  6  and  12  mm.  If  the  reading  is  not  between  these 
extremes,  it  is  necessary  to  repeat  the  test  with  more  or  less  urine, 


PRACTICAL    WORK   AND   METHODS  1095 

depending  on  whether  the  color  is  too  weak  or  too  intense.  Be  sure  to 
avoid  having  air  bubbles  under  the  surface  of  the  movable  glass  prisms. 

It  has  been  determined  by  experiment  that  10  mg.  of  creatinine 
treated  as  above  and  diluted  to  500  c.c.  gives  a  colored  solution  of  such 
intensity  that  it  requires  a  layer  8.1  mm.  deep  to  give  the  same  intensity 
as  the  8  mm.  layer  of  N/2  potassium  bichromate.  A  layer  of  8.1  mm. 
is  then  equivalent  to  10  mg.  creatinine  in  the  orignial  solution  under  the 
conditions  given  here,  or  the  constant  8.1X10=81  holds  for  all  dilu- 
tions of  creatinine  within  the  limits  stated.  If  the  reading  X  is  known, 
then  81/X=mgs.  of  creatinine  in  the  original  urine  taken.  This  method 
is  very  good  for  normal  urines,  but  in  certain  abnormal  urines  where 
acetoacetic  acid  is  present  this  may  give  low  results.  Dextrose  up  to  5 
per  cent,  is  said  not  to  interfere  (Greenwald,  Jov/r.  Biol.  Chem.,  XIV, 
1913,  p.  87).  Calculate  the  grams  of  creatinine  found  in  the  total  24- 
hours'  sample,  also  the  grams  of  nitrogen  corresponding  thereto  and 
the  per  cent,  of  this  in  terms  of  total  nitrogen. 

Note.  The  color  involves  the  dissociation  of  the  salt  of  picramic 
acid  and  of  the  bichromate.  These  do  not  change  their  color  in  the 
same  way  with  the  temperature.  The  standard  bichromate  solution  has 
been  made  to  compare  with  the  picric  acid-creatinine  mixture  at  a  tem- 
perature of  about  20°  C.  The  reading  should  be  made  at  this  tempera- 
ture. At  higher  or  lower  temperatures  the  bichromate  solution  no 
longer  corresponds  to  the  10  mg.  of  creatinine  when  set  at  8.1.  Each 
colorimeter,  also,  should  be  standardized  to  make  sure  that  when  set  at 
8.1  it  really  matches  the  bichromate  solution  and  a  standard  creatinine- 
picric  acid  solution  of  the  strength  indicated.  To  avoid  these  difficulties 
Folin  has  recently  suggested  that  for  comparison  a  standard  solution  of 
creatinine  should  be  treated  as  is  the  urine  and  compared  in  the 
colorimeter  with  it.  Variations  in  temperature  will  not  then  be  im- 
portant. Probably  picramic  acid  could  itself  be  used  to  advantage. 
Bichromate  has  the  great  advantage  of  convenience  and  stability.  (See 
next  experiment.) 

Bichromate  solution.  24.55  grams  of  pure  potassium  bichromate  dis- 
solved in  water  and  made  up  to  1,000  c.c. 

Experiment  284.  Microchemical  colorimetric  method  for  cre- 
atinine using  creatinine  as  a  standard  (Folin). — Principle.  If  cre- 
atinine is  available  to  make  a  standard  it  is  much  better  to  use  the 
following  method.  In  case  creatinine  is  not  available  the  bichromate 
method  described  in  283  may,  however,  be  used. 

Solutionn^  needed.  1.  Standard  creatinine  solution.  Dissolve  1.61 
gram  of  creatinine  zinc  chloride,  or  1  gram  pure  creatinine,  in  1  liter 
of  N/10  HCl.  This  solution  keeps  well.  It  contains  1  mg.  creatinine 
per  c.c. 
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Method.  Measure  by  a  1  c.c.  Ostwald  pipette  1  c.c.  or  2  c.c.  of  urine 
(for  most  urines  the  former)  into  a  100  c.c.  volumetric  flask.  To  an- 
other 100  c.c.  flask  measure  1  c.c.  of  the  standard  creatinine  solution  for 
a  standard.  To  each  flask  add  20  c.c.  saturated  picric  acid  solution,  and 
then  1.5  c.c.  clear  10  per  cent.  NaOH  by  a  burette  to  each.  Mix  and  let 
stand  8  minutes.  Dilute  to  the  mark  with  water  and  mix.  Compare 
the  standard  against  itself  in  the  colorimeter,  then  with  the  standard 
set  at  20  mm.  compare  with  it  the  unknown.  20  divided  by  the  reading 
of  the  unknown  gives  the  quantity  of  creatinine  in  mgs.  in  the  amount 
of  urine  taken.  The  unknown  must  not  deviate  from  the  standard  more 
than  5  mm.  above  or  below.  If  it  does  repeat  the  determination  using 
more  or  less  urine  as  required. 

Experiment  285.  Preparation  of  pure  creatinine  for  standard 
creatinine  solution.  (Benedict,  Jour.  Biol.  Chem.,  XVIII,  1914,  p.  183.) 
— Add  to  10  liters  fresh  urine  180  gr.  picric  acid  dissolved  in  450  c.c. 
boiling  alcohol.  Stir.  Allow  to  stand  over  night.  Decant,  filter  with 
suction  and  wash  precipitate  with  cold,  saturated  picric  acid  and  suck 
dry.  To  each  100  g.  of  creatinine  picrate  add  60  c.c.  con.  HCl ;  stir  to 
thin  paste  in  mortar  for  from  3  to  5  minutes,  filter  with  suction  through 
hardened  filter  paper  and  wash  twice  with  suction  with  enough  HjO  to 
cover  precipitate.  Filtrate  contains  creatinine.  Transfer  to  large  flask, 
neutralize  with  excess  of  MgO  (solid)  added  little  by  little  while  cooling 
flask  under  tap.  Filter  with  suction  and  wash  residue  twice  with  water. 
Add  a  few  c.c.  glacial  acetic  acid  to  filtrate  to  strong  acid  reaction, 
dilute  with  4  vols.  95  per  cent,  alcohol  and  after  15  minutes  filter  with 
suction.  Treat  final  filtrate  with  30  to  40  c.c.  of  30  per  cent.  ZnCla 
solution  in  alcohol,  stir  and  allow  to  stand  over  night  for  creatinine 
zinc  chloride  to  crystallize  out  in  a  cool  place.  Preferably  in 
refrigerator.  Collect  the  creatinine  ZnClj  on  a  Buehner  filter,  wash 
once  with  HjO,  then  thoroughly  with  50  per  cent,  alcohol, 
finally  with  95  per  cent,  alcohol  and  dry.  Yield  is  90-95  per  cent, 
of  the  total  creatinine.  To  obtain  creatinine  from  this  compound 
recrystallize  by  treating  10  grams  with  100  c.c.  water  and  60  c.c.  N 
H2SO4  and  heat  to  boiling  until  clear  solution  obtained.  Add  about 
4  gms.  purified  animal  charcoal,  boil  one  minute  longer  and  filter  with 
suction  through  small  Buehner,  pouring  back  until  colorless.  Wash 
charcoal  with  hot  water  and  treat  filtrate  while  hot  with  3  c.c.  con. 
ZnClj  solution  and  7  gms.  potassium  acetate  dissolved  in  a  little  water. 
After  10  minutes  dilute  to  twice  its  volume  with  95  per  cent,  alcohol  and 
allow  to  stand  in  ice  box  or  cool  place  for  several  hours  to  crystallize. 
Decant  supernatant  liquid.  Wash  crystals  of  creatinine  ZnClj  free 
from  potassium  acetate  by  stirring  with  twice  their  weight  of  water, 
filter,  and  wash  with  cold  water  and  then  95  per  cent,  alcohol.  Yield 
should  be  8  to  9  gms.  snow  white,  crystalline  ZnClj-creatinine. 
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To  obtain  creatinine :  Powder  the  white  crystals  just  obtained,  trans- 
fer to  a  clean  dry  flask  and  treat  with  7  times  its  weight  by  volume  of 
con.  NH4OH.  Warm  the  mixture  and  shake  gently  until  a  clear  solution 
is  obtained,  taking  care  to  drive  off  as  little  NH3  as  possible.  Stopper 
flask,  allow  to  cool  and  place  in  ice  box  for  1  to  2  hours.  Pure  creatinine 
crystallizes  out;  yield,  60-80  per  cent.  Decant  through  a  dry  Buchner 
filter  of  small  size,  filter  quickly  and  wash  once  with  distilled  water 
cooled  to  low  temperature.  If  product  is  yellow,  it  may  be  recrystallized 
by  dissolving  in  5  vols,  warm,  concentrated  NH4OH  and  recooling.  It 
may  finally  be  recrystallized  from  a  small  quantity  of  boiling  alcohol. 
The  product  is  pure  and  may  be  used  for  a  standard  in  the  various 
determinations  of  creatinine. 

Experiment  286.  Estimation  of  creatine  by  the  Folin-Benedict 
method. — Principle.  The  preformed  creatinine  is  separately  deter- 
mined in  the  manner  just  mentioned.  Then  the  urine  is  heated  with 
acid  in  an  autoclave  which  converts  all  the  creatine  to  creatinine.  The 
creatinine  is. now  redetermined.  This  figure  gives  the  combined  creatine 
and  creatinine.  The  difference  between  this  and  the  preformed  cre- 
atinine is  considered  to  represent  the  creatine  present. 

Process.  Introduce  20  c.c.  of  urine,  or  less  if  the  urine  is  concen- 
trated and  contains  much  creatinine,  into  a  50  c.c.  volumetric  flask,  add 
an  equal  volume  of  N  HCl  and  heat  in  an  autoclave  at  117-120°  C.  for 
%  hour.  Dilute  the  cool  mixture  to  50  c.c,  mix  well  and  introduce  by 
means  of  a  pipette  25  c.c.  of  the  mixture  into  a  500  c.c.  volumetric  flask 
and  proceed  with  the  estimation  of  the  creatinine  as  described  in  experi- 
ment 283,  or  better  by  284.    Calculate  the  amount  of  creatine  present. 

In  place  of  the  HCl  picric  acid  may  itself  be  used  to  convert  the 
creatine  to  creatinine.  Folin  recommends  the  following  quick  procedure : 
Measure  1  c.c.  urine  into  a  100  c.c.  volumetric  flask,  add  20  c.c.  sat- 
urated picric  acid  solution,  cover  the  flask  mouth  with  tinfoil  and  heat 
in  autoclave  to  115°-120°  C.  for  20  minutes.  Cool  autoclave  before  open- 
ing. Remove  flask,  cool  to  room  temperature,  prepare  a  standard  cre- 
atinine flask  as  in  experiment  284  and  add  1.5  c.c.  10  per  cent.  NaOH  at 
the  same  time  to  each  and  read  in  colorimeter  after  standing  10  minutes. 

Ccmtion.  By  this  method  the  creatine  is  determined  indirectly.  The 
difference  between  the  two  readings  is  supposed  to  represent  creatine. 
It  has  been  found  that  when  acetoacetic  acid  is  present  in  the  urine  the 
first,  or  creatinine,  determination  is  low.  By  heating  with  acid  the 
acetoacetic  acid  is  destroyed  so  that  the  second  reading  of  creatinine  is 
now  higher.  The  difference  would  be  counted  as  creatine,  whereas  it  is 
due  to  another  substance.  Other  oxidizing  substances  which  are  de- 
stroyed by  acid  may  behave  like  aceoacetie  acid.  Reducing  substances 
will  increase  the  reduction  of  picric  acid  and  make  the  creatinine  appear 
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high.    The  interpretation  of  results  must  be  made  with  these  circum- 
stances in  mind. 


URIC  ACID. 

Experiment  287.  Quantitative  estimation  of  uric  acid  by  the 
Folin-Shaffer  method. — Principle.  The  uric  acid  is  precipitated  from 
the  urine  as  ammonium  urate  and  the  amount  in  the  precipitate  deter- 
mined by  titration  with  a  standard  potassium-permanganate  solution  in 
the  presence  of  acid.  Phosphates  and  some  organic  matter  are  first 
precipitated  by  uranium  acetate  and  (NH4)2S04. 

Process.  Into  a  350  c.c.  beaker  introduce  100  c.e.  urine  (more  if 
the  specific  gravity  is  less  than  1.020)  and  while  stirring  add  by  means 
of  a  pipette  25  c.c.  Folin-Schaffer  reagent  (500  grams  ammonium  sul- 
phate and  5  grams  uranium  acetate  in  710  c.c.  of  an  0.84  per  cent, 
acetic-acid  solution).  Allow  to  stand  until  the  precipitate  has  separated 
fairly  well.  Then  filter  through  a  dry  filter  paper  into  a  dry  beaker 
or  flask.  Now  measure  off  100  c.c.  of  the  filtrate  (or  more  if  the  urine  is 
dilute)  by  means  of  a  pipette  into  a  300  c.e.  beaker.  To  this  solution 
then  add  while  stirring  5  c.c.  of  concentrated  ammonium  hydroxide  and 
set  aside  for  24  hours.  Filter  through  a  well-washed,  properly  prepared 
asbestos  filter  in  a  Hirsch  funnel  or  Gooch  crucible  and  wash  rapidly 
with  a  10  per  cent,  ammonium-sulphate  solution  until  the  filtrate  is 
free  from  chlorides.  Now  by  means  of  100  c.c.  hot  water,  transfer  the 
asbestos  and  precipitate  back  into  the  350  c.c.  beaker.  After  cooling 
add  gradually  while  stirring  15  c.c.  concentrated  H,S04  and  titrate  at 
once  with  n/20  KMnOi  solution  from  a  glass  stopcock  burette. 

Titrate  to  the  point  where,  on. vigorously  stirring,  the  entire  solution 
remains  faintly  pink  for  an  instant  after  adding  two  drops  of  the 
standard  permanganate  solution.  The  end  point  is  somewhat  difficult 
to  determine. 

Each  c.c.  of  the  n/20  KMnO^  is  equivalent  to  0.00375  gram  uric  acid. 
Calculate  the  grams  of  uric  acid  in  the  original  urine  sample  taken, 
adding  0.003  gram  to  correct  for  the  solubility  of  ammonium  urate  in 
100  c.c.  Calculate  the  total  grams  of  uric  acid,  total  grams  of  uric 
acid  nitrogen  and  the  per  cent,  of  the  total  nitrogen  found  as  uric  acid 
nitrogen  in  the  24-hours'  sample. 

N/20  Pemumganate  solution.  1.581  grams  of  pure  potassium  per- 
manganate are  dissolved  in  pure  water  and  made  up  to  1,000  c.e.  Keep 
protected  from  light.     Standardization   page  893. 

Experiment  288.  Quantitative  microchemical  determination  of 
uric  acid.     (Folin  and  Wu,  Jmr.  Biol.  Chem.,  38,  1919.)     This  is  the 


PRACTICAL   WORK    AND   METHODS  1099 

most  convenient  and  rapid  of  the  methods  of  determination  of  uric  acid. 
It  is  a  modification  of  the  methods  of  Folin  and  Macallum :  Jour.  Biol. 
CJiem.,  13,  1913,  p.  363;  and  Folin  and  Denis:  Jour.  Biol.  Chem.,  14, 
1913,  p.  97.    Benedict  modification. 

Principle.  The  uric  acid  is  precipitated  from  the  urine  by  silver 
lactate-lactic  acid  mixture,  and  the  uric  acid  determined  eolorimetrieally 
by  the  blue  color  it  develops  in  phosphotungstie  acid.  A  standard  uric 
acid  solution  is  compared  with  the  original. 

Solutions  needed.     The  same  as  in  uric  acid  in  blood,  page  1019. 

Apparatus: 

1.  Duboscq  or  other  colorimeter. 

2.  Centrifuge. 

Method.  Measure  with  an  Ostwald  pipette  1  to  3  e.c.  of  urine,  de- 
pending on  the  concentration,  into  a  centrifuge  tube.  Add  water  to  a 
volume  of  about  6  c.c.  Add  5  c.c.  of  the  silver  lactate-lactic  acid  solu- 
tion (page  1019)  and  stir  with  a  fine  glass  rod.  "Wash  the  rod  with  a  few 
drops  of  water  into  the  tube.  By  this  means  the  uric  acid  is  completely 
precipitated  as  the  silver  salt  and  freed  from  other  substances  which 
might  give  a  blue  color  with  phosphotungstie  acid.  Put  in  a  counter- 
balancing tube  and  centrifuge  for  2  to  3  minutes.  To  the  clear  super- 
natant liquid  add  a  drop  of  the  silver  lactate  solution.  If  enough  has 
been  added  it  will  remain  clear.  If  a  turbidity  appears  on  the  addition 
of  the  lactate  add  2  c.c.  more  of  the  silver  lactate  solution  and  centrifuge 
again.  When  no  further  precipitate  forms,  decant  the  supernatant 
liquid,  as  clearly  as  possible.  The  uric  acid  is  in  the  precipitate.  Now 
dissolve  the  precipitate  in  the  tube  by  adding  from  a  burette  4  c.c.  of 
a  5  per  cent.  NaCN  solution.  {Poison.  Caution:  do  not  draw  it  up  in 
a  pipette.)  Stir  until  a  perfectly  clear  solution  is  had.  Wash  the 
stirring  rod,  collecting  the  washings  into  a  100  c.c.  volumetric  flask ;  pour 
into  the  flask  the  solution  from  the  tube  without  loss,  and  wash  by 
rinsing  the  tube  at  least  3  times  into  the  same  flask  with  5  c.c.  water 
each  time.  Add  5  c.c.  of  the  sodium  sulphite  solution  to  balance  that  in 
the  standard  and  dilute  to  about  40  c.c.  In  another  100  c.c.  volumetric 
flask  prepare  the  standard  by  measuring  5  c.c.  of  the  standard  uric  acid 
sulphite  mixture  (page  1019)  containing  0.5  mgs.  uric  acid;  add  4  c.c.  of 
cyanide  solution  and  35  e.c.  of  water.  Add  20  c.c.  of  20  per  cent. 
NasCOs  solution  to  each  flask  and  finally  add  while  shaking  2  c.c.  of  the 
uric  acid  reagent  (phosphotungstie  acid,  page  1020).  A  blue  color  de- 
velops.   After  3  to  5  minutes  dilute  to  the  mark  and  mix. 

Colorimetric  comparison.  Set  the  standard  at  20  mm.  and  add  more 
of  the  standard  solution  to  the  other  cylinder,  matching  it  against  the 
standard  to  check  the  instrument.  Now  replace  the  standard  in  one  tube 
by  the  unknown  and  read  against  the  standard  at  20. 
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Computation: 

„      .        .,  .        ,      ,      .       ,   ,  1     Standard  readine 

Mgs.  of  uric  acid  in  vol.  of  urine  taken  ^■zr-   ,.  , r^-s 

°  2     Unknown  reading 

HIPPURIC  ACID. 

Experiment  zSg.  Quantitative  determination  of  hippuric  acid  in 
urine  (Folin  and  Flanders,  Jour.  Biol.  Chem.,  11,  1912,  p.  257). — 
Principle.  The  hippuric  acid  is  hydrolyzed  to  benzoic  acid  first  by 
treatment  of  the  urine  with  NaOH  and  then  by  boiling  with  strong  nitric 
acid  and  a  little  Cu(N03)2-  The  benzoic  acid  is  shaken  out  of  the  mix- 
ture with  chloroform,  the  chloroform  washed  and  then  the  benzoic  acid 
it  contains  determined  by  titrating  with  N/10  Na  alcoholate,  using 
phenolphthalein  as  indicator. 

Process.  Measure  100  c.c.  of  urine  into  a  porcelain  evaporating  dish 
by  means  of  a  pipette.  Add  10  c.c.  of  5  per  cent.  NaOH  and  evaporate 
to  dryness  on  the  steam  bath.  Transfer  the  residue  to  a  500  c.c.  Kjeldahl 
flask  by  means  of  25  c.c.  of  water  and  25  c.c.  of  concentrated  nitric 
acid.  Add  0.2  gram  Cu(N03)2,  a  couple  of  pebbles  to  prevent  bumping 
and  boil  very  gently  four  and  one-half  hours  over  a  micro-burner.  The 
necks  of  the  flasks  are  fitted  with  Hopkins  condensers,  that  is,  large 
test-tubes  of  Jena  glass  cari-ying  a  double-holed  rubber  stopper,  through 
which  one  tube  goes  nearly  to  the  bottom,  the  other  to  the  top  of  the 
tube  and  a  stream  of  cold  water  is  kept  circulating  through  the  tubes. 

After  cooling  rinse  the  condensers  with  25  c.c.  water  and  transfer 
contents  of  flask  to  a  500  c.c.  separatory  funnel  by  the  use  of  25  c.c.  more 
water.  The  total  volume  of  the  solution  is  now  100  c.c.  Just  saturate 
the  solution  with  powdered  (NH4)2S04  (about  55  grams).  Extract  4 
times  by  shaking  with  freely  washed  chloroform,  using  50,  35,  25  and 
25  e.e.  portions.  The  first  two  portions  may  be  used  to  rinse  out  further 
the  Kjeldahl  flask  before  they  are  added  to  the  separatory  funnel.  Col- 
lect the  successive  portions  of  CHCI3  in  another  separatory  funnel  and 
wash  the  chloroform  by  adding  to  the  combined  extracts  100  c.c.  of  sat- 
urated solution  of  pure  NaCl,  to  each  liter  of  which  has  been  added  0.5 
c.c.  concentrated  HCl.  Shake  well  pud  draw  the  chloroform,  which 
contains  the  benzoic  acid,  into  a  dry  500  c.c.  Erlenmeyer  flask  and  titrate 
with  N/10  sodium  alcoholate,  using  4-5  drops  of  phenolphthalein  as 
indicator.  The  first  distinct  end  point  is  taken,  although  the  color  may 
fade  on  standing  a  short  time. 

The  sodium  ethylate  is  made  by  dissolving  2.3  grams  of  cleaned 
metallic  sodium  in  1  liter  of  absolute  alcohol.  It  is  advisable  that  it  be 
slightly  weaker  rather  than  stronger  than  N/10.  It  may  be  standardized 
against  purified  benzoic  acid  in  wasbeil  CHCI3.    It  may  also  be  standard- 
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ized  against  N/20  HCl  provided  the  ethylate  is  free  from  carbonic  acid. 
As  a  rule,  some  carbonate  will  be  present  and  then  the  titrations  in 
aqueous  media  will  show  the  ethylate  somewhat  stronger  than  in  the 
CHCI3.    The  carbonate  does  not  titrate  in  the  latter  case. 

ALLANTOINE. 

Experiment  290.  Determination  of  allantoine  in  the  urine. 
Urease  method. — Allantoine  is  most  easily  determined  by  determining 
the  urea,  allantoine  and  preformed  ammonia  by  Benedict's  urea  method 
and  then  the  urea  and  preformed  ammonia  by  the  urease  method. 
Benedict's  method  detects  not  only  the  urea  nitrogen,  but  about  70  per 
cent,  of  the  allantoine  nitrogen  as  well.  The  urease  detects  only  the 
urea  nitrogen. 

Method.  In  one  sample  of  urine  the  preformed  ammonia  is  de- 
termined by  Folin's  method,  experiment  281.  In  another  sample  the 
urea  and  allantoine  are  determined  by  Benedict's  method,  experiment 
276.  In  a  third  sample  the  urea  and  preformed  ammonia  are  deter- 
mined by  hydrolyzing  the  urea  by  the  soy  bean  and  drawing  air  through 
to  remove  the  ammonia  formed,  as  in  Folin's  method.  To  determine  the 
urea  and  preformed  ammonia  by  the  soy  bean  urease  introduce  5  c.c.  of 
urine  into  a  Polin  ammonia  cylinder,  add  50-60  c.c.  of  water,  and  1 
gram  of  finely  ground  soy  bean.  Keep  in  the  water  bath  at  35-40°  with 
an  air  current  going  through  for  one  hour.  (Experiment  277.)  The  air 
current  must  be  freed  from  ammonia  as  usual.  Then  disconnect,  add 
1  gram  anhydrous  NajCOj  to  the  cylinder,  some  liquid  petroleum  and 
determine  the  ammonia  as  described  in  experiment  276.  Eeceive  the 
ammonia  in  25-50  c.c.  n/10  H2SO4,  of  which  the  volume  has  been  accu- 
rately measured.  Titrate  with  n/10  NaOH,  using  alizarin  or  eongo  red 
as  an  indicator.  In  dog's  urine  in  5  c.c.  about  1.3-1.9  c.c.  of  N/10  acid 
is  needed  to  neutralize  the  ammonia  from  the  allantoine.  The  difference 
between  the  combined  ammonia,  urea  and  allantoine  obtained  in  Bene- 
dict's method  and  the  urease  urea  and  ammonia  gives  the  allantoine 
ammonia.  Since  this  detects  only  about  70  per  cent,  of  the  allantoine 
the  result  must  be  multiplied  by  100/70  to  give  the  amount  of  ammonia 
from  the  allantoine  in  5  c.c.  of  urine. 

Experiment  291.  Allantoine  determination  by  the  Wiechowski 
method. — This  is  an  accurate  but  rather  long  method.  It  gives  the 
allantoine  directly  and  is  hence  superior  in  accuracy  to  the  method  de- 
scribed in  290.     (Hofmeister's  Beitriige,  11,  1907-08,  109). 

Principle.  A  dilute  solution  of  mercuric  acetate  in  the  presence  of  a 
large  amount  of  sodium  acetate  precipitates  the  allantoine  as  a  white 
precipitate.    The  urine  is  first  purified  from  basic  substances,  chlorine 
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and  ammonia,  by  phosphotungstie  acid,  lead  and  silver  acetate;  then 
sodium  acetate  is  added  and  the  allantoine  precipitated  by  0.5  per  cent, 
mercuric  acetate. 

Method  for  dog  urine.  (Hofmeister's  Beitrage,  11,  129,  1907-08.) 
Allantoine  is  most  easily  prepared  from  dog  urine  in  which  it  occurs  in 
considerable  amount.  In  human  urine  only  very  small  quantities  are 
present. 

"  Dog  and  rabbit  urine  are  to  begin  with  diluted.  In  general  I 
have  diluted  the  24-hour  urine  of  a  rabbit  to  150  c.c,  that  of  a  dog  to 
300  c.c,  utilizing  also  the  cage  washings. — For  the  allantoine  determina- 
tion 100  c.c.  are  taken,  10  c.c.  of  8  per  cent.  H2SO4  added,  transferred 
to  a  volumetric  flask  of  appropriate  size,  precipitated  with  the  exactly 
necessary  amount  of  phosphotungstie  acid  10  per  cent,  (a  preliminary 
test  showing  how  much  it  is  necessary  to  add)  and  the  flask  filled  to  the 
mark  with  water.  After  standing  at  least  an  hour  it  is  filtered  through 
a  thick,  folded  filter  into  an  evaporating  dish,  and  the  clear,  generally 
dark-colored  filtrate  treated  with  lead  carbonate  and  rubbed  as  long  as 
CO2  is  evolved  and  until  the  liquid  reacts  weakly  acid  or  neutral.  Filter 
under  sharp  suction.  As  large  a  rounded  amount  as  possible  of  the  fil- 
trate, which  is  often  weakly  blue  but  always  neutral,  is  measured  off 
into  a  volumetric  flask  of  sufficient  size,  and  precipitated,  while  avoiding 
an  excess,  by  basic  lead  acetate.  The  amount  necessary  to  add  is  de- 
termined by  a  preliminary  test.  The  volume  is  made  up  to  the  mark 
with  water.  The  filtrate  from  the  lead  precipitate  is  treated  with  11,8 
and  the  filtrate  from  the  lead  sulphide  freed  from  11,8  by  a  current  of 
air.  If  chlorine  is  present  an  aliquot  rounded  portion  of  the  acid  filtrate 
is  taken  and  precipitated  in  a  volumetric  flask  with  silver  acetate  solu- 
tion and  made  up  to  the  mark  with  water.  The  filtrate  from  the  silver 
chloride  is  handled,  in  the  same  manner  as  that  from  the  lead  precipita- 
tion, with  HjS  and  the  filtrate  freed  from  HjS  with  air.  This  filtrate 
is  now  tested  in  small  portions  to  see  that  the  precipitation  with  phos- 
photungstie aeidj  basic  lead  acetate  and  silver  nitrate  has  been  complete, 
and  now  the  reaction  is  absolutely  negative.  If  this  is  the  ease  two 
rounded  aliquot  portions  of  the  filtrate  are  taken  after  preliminary 
neutralization  with  chlorine-free  NaOH  (prepared  from  Na)  and  the 
allantoine  precipitated  by  mercuric  acetate  and  sodium  acetate. 

' '  This  reagent  is  best  made  as  follows :  commercial  mercuric  acetate 
(Merck)  is  dissolved  in  water  to  1  per  cent,  and  pure  sodium  acetate 
added  to  saturation  and  diluted  to  such  a  degree  with  water  that  the 
content  of  mercuric  acetate  is  0.5  per  cent.  The  completeness  of  the 
allantoine  precipitation  is  determined  by  the  addition  of  some  of  the 
reagent  or  allantoine  to  a  small  filtered  test  portion.  After  at  least  one 
hour  standing  the  precipitate  is  brought  on  a  filter  and  washed  with 
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water  until  the  disappearance  of  a  precipitate  or  of  a  yellow  color  on 
the  addition  of  NajS.  One  of  the  precipitates  is  now  taken  and  its  N 
determined  by  Kjeldahl.  The  precipitate  from  the  second  portion  is 
washed  by  a  stream  of  water  into  a  beaker,  and  while  heated  to  boiling 
completely  decomposed  with  HaS.  The  mixture  is  then  evaporated  to 
dryness  on  the  water  bath,  the  residue  digested  with  water,  quantita- 
tively transferred  to  a  small  measuring  cylinder  or  volumetric  flask  and 
the  volume  increased  with  water  to  25  e.c.  generally,  or  50  c.c.  if  much 
allantoine  is  present.  The  final  filtration  is  made  through  very  thick 
filter  paper  and  repeated  until  the  filtrate  is  quite  clear.  A  rounded 
volume  of  the  same  is  evaporated  in  a  weighed  glass  dish,  dried  a,t  100° 
and  reweighed.  The  remainder  of  the  filtrate  serves  for  testing  the 
identity  and  purity  of  the  allantoine.  If  the  allantoine  crystals  are 
colored  they  may  be  decolored  with  HjOj  in  the  method  indicated. 
Either  at  once  or  after  one  recrystallization  the  melting  point  of  the 
crystals  is  determined  (230-232°  with  decomposition)  and  a  small  por- 
tion burned  on  platinum  foil  (no  residue) .  Finally  the  value  of  allan- 
toine and  allantoine  nitrogen  obtained  is  multiplied  with  the  total 
volume  numbers  (volume  of  urine,  volume  after  addition  of  phospho- 
tungstic  acid,  volume  after  basic  lead  acetate,  after  addition  of  silver 
acetate  and  final  volume  after  decomposition  of  the  allantoine  precipi- 
tate) and  divided  by  the  value  of  the  aliquot  parts  taken,  so  as  to  get 
the  value  for  the  total  urine.  The  determination  takes  not  more  than 
6-12  hours."  The  large  number  of  dilutions  makes  it  necessary  to  be 
extremely  careful  with  the  measuring.  Carefully  tested  and  calibrated 
pipettes  and  flasks  must  be  used.  The  precipitation  of  the  allantoine 
is  quantitative.  The  result  is  exact  only  to  about  0.01  gram  allantoine 
per  day.  For  human  urine  the  method  must  be  changed  as  described 
in  Biochem.  Ztschr.,  19,  1909,  378. 

PURINES. 

Experiment  292.  Quantitative  estimation  of  total  purines  and  of 
purines  other  than  uric  acid.  Salkowski-Arnstein. — Principle.  The 
total  purines  are  precipitated  by  ammoniacal  silver  nitrate,  the  precipi- 
tate washed  and  treated  with  magnesia  to  free  from  ammonia  and  the 
nitrogen  determined  in  it  by  the  Kjeldahl  method.  The  uric-acid 
nitrogen  is  separately  determined  by  Folin's  method  and  subtracted 
from  the  total.    The  difference  is  computed  as  xanthine. 

Process.  Measure  200  c.c.  of  protein-free  urine  into  a  300  c.c.  volu- 
metric flask,  add  50  c.c.  of  magnesia  mixture,  make  up  to  the  mark  with 
water,  mix  well  and  allow  to  stand  for  a  little.  Filter  through  a  dry 
filter  paper  into  a  dry  500  c.c.  flask.    To  200  c.c.  of  the  filtrate  add  10-15 
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c.c.  of  a  3  per  cent,  silver  nitrate  solution.  This  precipitates  all  the 
purines,  including  uric  acid.  Filter  and  wash  the  precipitate  thor- 
oughly with  water  to  free  it  from  ammonia,  finally  place  the  funnel  in 
the  neck  of  a  Kjeldahl  flask,  puncture  the  end  of  the  filter  and  with  a 
wash  bottle  wash  the  whole  of  the  precipitate  into  the  flask.  Wash 
down  the  neck  of  the  flask.  Add  to  the  flask  a  little  magnesia  and  heat 
to  boiling.  Boil  for  20  minutes  to  free  from  ammonia.  Proceed  to 
determine  the  nitrogen  remaining  by  the  Kjeldahl  method,  described  in 
experiment  274.  From  the  nitrogen  thus  determined  calculate  the  total 
purine  nitrogen  in  100  c.c.  of  urine.  Subtract  from  this  the  uric-acid 
nitrogen  in  100  c.c.  of  urine,  as  determined  by  the  Folin  method  (experi- 
ment 288).  Compute  the  remaining  nitrogen  as  xanthine,  or  leave  it  as 
purine  base  nitrogen. 

Magnesia  mixture.  100  grams  of  crystallized  magnesium  chloride 
are  dissolved  in  water,  ammonia  added  until  liquid  smells  strongly  of  it, 
and  then  ammonium  chloride  sufficient  to  dissolve  the  precipitate. 
Make  up  to  a  liter. 

AMINO  ACIDS. 

Experiment  294.  Determination  of  amino-acids  by  the  formol 
titration  of  Sorensen. — Immediately  after  the  titration  of  acid,  Experi- 
ment 316,  add  to  the  sample  you  have  just  titrated  50  c.c.  of  a  fresh 
formalin  solution,  made  by  taking  15  c.c.  of  formalin,  30  c.c.  of  water  and 
enough  N/10  NaOH  to  make  it  just  very  faintly  alkaline  to  phenolph- 
thalein.  Mix  and  now  titrate  again,  noting  the  reading  of  the  burette 
when  you  start,  by  adding  N/10  NaOH  until  a  faint  permanent  pink  re- 
mains. Compare  the  color  with  a  standard  tube  prepared  beforehand,  as 
the  end  point  is  not  sharp.  This  standard  is  best  made  by  taking  one  of 
the  definite  buffer  mixtures  on  page  1059  which  is  just  faintly  pink  with 
phenolphthalein.  (Pg=8.3-8.4.)  Each  c.c.  of  the  N/10  NaOH  is  equiva- 
lent to  1/10,000  of  a  gram  equivalent  to  amino-acid.  How  much 
nitrogen  does  this  represent  calculated  for  a  mono-amino-monocarboxylic 
acid?  This  titration  (the  last  one)  gives  us  a  measure  of  the  NH^  and 
amino-acids  together,  according  to  the  following  equations : 

4NH^C1  +  6HCH0  +  4NaOH ]N JCH^j)^  +  lOHj^O  +  4NaCl 

Hezamethylenetetramine. 
E  R 

I  I 

CHNH  -f  CH  +  NaOH  ►  OH— N  =  CH  +  2H  O 

-  COOH   O  COONa 
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How  do  you  account  for  the  increased  acidity  developed  after  adding 
the  formaldehyde?  Calculate  the  grams  of  nitrogen  in  the  form  of 
amino-acid  nitrogen  in  the  total  24-hour  sample,  also  calculate  the  per- 
cent, of  the  total  nitrogen  found  as  amino-acid  nitrogen.     (See  p.  121.) 

Experiment  295.  Amino-acid  nitrogen  in  urine.  Quantitative 
determination.  Formol  titration  after  removal  of  ammonia  (Benedict 
and  Murlin,  Jour.  Biol.  Chem.,  16,  p.  386,  1914).  Principle.  Precipita- 
tion of  ammonia  and  basic  substances  in  the  diluted  urine  by  phos- 
photungstic  acid;  removal  of  excess  of  phosphotungstic  acid  with 
Ba(0H)2  and  titration  of  the  amino-acid  by  formol  and  N/10  NaOH. 

Process.  Measure  into  a  500  c.c.  Erlenmeyer  flask  200  c.c.  of  a  24- 
hour  human  urine  which  has  been  previously  diluted  to  2,000  c.c.  Add 
an  equal  quantity  of  10  per  cent,  phosphotungstic  .acid  (Merck)  (note, 
Kahlbaum's  preparation  is  a  very  different  substance)  in  2  per  cent. 
HCl.    Let  stand  at  least  3  hours;  better  overnight. 

PoUr  off  250  c.c.  of  the  clear  fluid ;  add  1  c.c.  of  a  0.5  per  cent,  solu- 
tion of  phenolphthalein  and  barium  hydrate  in  substance  until  the  whole 
fluid  turns  decidedly  pink.  The  Ba(0H)2  should  be  added  a  very  little 
at  a  time.  Let  stand  one  hour.  Filter  off  two  100  c.c.  samples  (=50  c.c. 
urine).  Neutralize  to  litmus  ( Squibb 's  papers  answer  for  all  practical 
purposes)  with  N/5  HCl.  Add  10-20  c.c.  neutral  formalin  and  titrate 
cautiously  with  N/10  NaOH,  to  a  deep  red  color,  i.e.,  until  a  drop  pro- 
duces no  additional  color. 

Correct  by  deducting  the  amount  of  N/10  NaOH  necessary  to  pro- 
duce the  same  depth  of  color  in  an  equal  quantity  of  COj-free  water 
with  the  same  quantity  of  neutral  formalin  added. 

SULPHUR. 

Experiment  2^6.  Quantitative  estimation  of  total  sulphates  in 
urine  (Folin,  Jour.  Biol.  Chem.,  1,  1905,  6,  153).  G-ently  boil  in  a  200- 
250  c.c.  Erlenmeyer  flash  for  20-30  minutes  25  c.c  of  urine  and  20  c.c. 
of  dilute  HCl  (1  part  HCl,  sp.  gr.  1.20  to  4  pts.  water) ;  or  50  c.c.  urine 
and  4  c.c.  con.  HCl.  Keep  covered  with  a  small  watch  glass  during 
boiling.  Cool  for  2-3  minutes  under  the  tap  and  dilute  with  cold  water 
to  150  c.c.  To  this  cold  solution  add  10  c.c.  of  5  per  cent.  BaCla  slowly 
drop  by  drop,  without  shaking  or  stirring  the  solution  during  the  addi- 
tion, and  allow  to  stand  without  shaking  for  one  hour.  After  one  hour, 
or  later  as  convenient,  shake  the  mixture  and  fllter  through  a  G-ooch 
weighed  crucible  with  an  asbestos  mat,  wash  with  about  250  c.c.  cold 
water,  dry  and  ignite,  cool  and  weigh.  Ten  minutes'  ignition  is  suf- 
fleient  unless  organic  matter  is  present. 

Preparation  of  the  asbestos  tnat.    Cut  a  good  grade  of  fibrous  asbestos 
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with  scissors  into  lengths  of  50-70  mm.  Place  a  few  grams  at  a  time  in 
a  cylinder  with  300  c.c.  of  5  per  cent.  HCl  and  pass  a  strong  air  current 
through.  This  separates  the  fibers.  Keep  ready  for  use  in  dilute  HCl, 
From  50-100  mgs.  of  asbestos  is  used  for  each  mat.  By  a  good  vacuum 
pump  the  asbestos  mat  is  packed  firmly  in  a  thin  but  compact  layer.  It 
is  washed  finally  with  water  with  only  enough  vacuum  to  make  the 
water  go  through  slowly.  Dry,  ignite  and  weigh.  The  same  mat  may 
be  used  repeatedly  until  about  1  gram  BaSO^  has  collected  in  it.  It  is 
somewhat  difBeult  to  prepare  such  mats,  which  show  no  loss  on  filtering 
and  ignition.  On  igniting  do  not  apply  the  fiame  directly  to  the  bottom 
of  the  crucible,  or  losses  will  occur.  To  ignite,  place  the  lid  of  a  platinum 
crucible  on  a  triangle  and  let  the  crucible  stand  upright  on  the  lid. 
Another  platinum  lid  should  cover  the  crucible.  The  flame  is  applied  to 
the  lower  platinum  lid.    Ten  minutes'  ignition  is  sufficient. 

Experiment  297.  Estimation  of  inorganic  sulphates  of  urine 
(Polin,  Jour.  Biol.  Chem.,  1,  1905,  151). — Measure  25  c.c.  of  urine,  100 
c.c.  of  water  and  10  c.c.  of  HCl  (1  vol.  concentrated  HCl  to  4  vols,  of 
water)  into  a  250  c.c.  Erlenmeyer  flask.  If  the  urine  is  dilute  50  c.c. 
may  be  taken  instead  of  25  and  correspondingly  less  water.  Add 
drop  by  drop,  preferably  by  means  of  an  automatic  dropper,  10  c.c. 
of  5  per  cent.  B.aCl2  solution.  The  urine  solution  is  not  to  be  shaken 
or  stirred  during  the  addition  of  the  BaClj  nor  for  an  hour  afterward. 
At  the  end  of  the  hour  proceed  with  the  determination  of  the  precipi- 
tated sulphates  in  the  manner  already  described  for  the  estimation  of 
the  total  sulphates. 

Experiment  298.  Estimation  of  the  conjugated  sulphates. — The 
conjugated  sulphates  are  estimated  by  taking  the  difference  between  the 
total  sulphates  as  determined  in  experiment  296  and  the  inorganic  sul- 
phates in  experiment  297. 

Experiment  299.  Estimation  of  total  sulphur  by  the  Benedict- 
Denis  method. — 

Reagent:       25  grams  Cu(NO  ) 
25       "       NaCl 
10       "       NH  NO 
100  C.C.        H  0 

2 

Process.  In  a  4-inch  porcelain  dish  evaporate  10  to  25  c.c.  urine 
with  5  c.c.  of  the  above  reagent.  When  dry,  heat  carefully  over  a  free 
flame,  gradually  raising  the  temperature  until  heated  to  a  dull  red  heat. 
Keep  at  this  temperature  for  10-15  minutes.  Cool  and  dissolve  in  10-20 
c.c.  10  per  cent.  HCl  solution.  Warm  and  dilute  to  about  150  c.c. 
Filter  if  necessary  and  determine  the  SO^  as  described  in  297. 

Experiment  300.    Ethereal  and  inorganic  sulphates.    Volumetric 
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method  (Rosenheim  and  Drummond,  Bioch.  Journal,  viii,  143,  1914). — 
Principle.  Precipitation  of  the  sulphates  with  benzidene  hydrochloride 
and  titration  of  the  acid  in  the  benzidene  sulphate  with  KOH. 

Process.  Make  the  benzidene  (p-diamino-diphenyl,  NH2.CeH4.C6H4. 
NHj)  solution  by  rubbing  4  grams  of  Kahlbaum's  benzidene  to  a  fine 
paste  with  about  10  c.c.  of  water  and  transfer  to  a  2-liter  flask  with  about 
500  c.c.  of  HjO;  5  c.c.  con.  HCl  (sp.  gr.  1.19)  are  added  and  the  solu- 
tion made  to  2  liters  with  water.  150  c.c.  of  this  solution,  which  keeps 
indefinitely,  are  sufficient  to  precipitate  0.1  gr.  H2SO4. 

Inorganic  sulphates. — Measure  25  c.c.  of  urine  with  a  pipette  into  a 
250  c.c.  Brlenmeyer  flask,  add  dilute  (1:4)  HCl  until  the  reaction  is 
distinctly  acid  to  congo  paper.  1-2  c.c.  of  acid  is  usually  enough.  100 
c.c.  of  benzidene  solution  is  then  run  in  and  the  preciptiate  which  forms 
in  a  few  seconds  is  allowed  to  settle  10  minutes.  Filter  the  precipitate 
under  suction,  wash  with  10-20  c.c.  HjO  saturated  with  benzidene  sul- 
phate; transfer  the  precipitate  and  filter  paper  to  the  original  flask 
with  about  50  c.c.  of  water  and  titrate  hot  with  0.1  N  KOH  after  adding 
a  few  drops  of  a  saturated  alcoholic  solution  of  phenolphthaJein.  1  c.c. 
N/10  KOH  corresponds  to  4.9  mgs.  H^SO^. 

Total  sulphates. — ^Measure  25  c.c.  urine  into  a  250  c.c.  flask,  add  20 
c.c.  dilute  (1:4)  HCl  and  boil  for  15-20  minutes  to  hydrolyze  the 
ethereal  sulphates.  The  authors  state  that  a  smaller  amount  of  acid, 
namely  2-5  c.c,  will  do  as  well.  If  the  larger- amount  of  acid  is  used 
carefully  neutralize  the  acid  after  boiling  with  KOH  and  then  again 
add  HCl  until  the  reaction  is  acid  to  congo  red.  Cool  solution  and 
precipitate  at  once  with  benzidene  solution.  Proceed  from  this  on  as  in 
the  inorganic  sulphate  determination.  Ethereal  sulphates  are  given  by 
difference  between  the  total  and  inorganic.  Method  is  an  accurate  as 
the  gravimetric  and  much  easier. 

CHLORIDES. 

Experiment  301.  Quantitative  determination  of  the  chlorides  of 
urine.  VoUhard's  method. — Principle.  All  the  chlorides  in  the  urine 
are  precipitated  as  silver  chloride  by  the  addition  of  a  known  amount 
of  silver  nitrate  to  the  urine  after  the  addition  of  nitric  acid.  The 
excess  of  silver  remaining  in  solution  is  then  titrated  with  a  standard 
solution  of  potassium  sulphoeyanate,  using  a  ferric  salt  as  an  indicator. 

Process.  Introduce  into  a  100  c.c.  volumetric  flask  10  c.c.  of  urine 
with  a  pipette,  add  4  c.c.  concentrated  nitric  acid  and  20  c.c.  of  a 
standard  solution  of  silver  nitrate.  Fill  the  flask  to  the  mark  with  dis- 
tilled water,  mix  well,  and  fllter  through  a  dry  filter  paper  into  a  dry 
beaker  or  flask.    Take  accurately  50  c.c.  of  the  filtrate,  add  to  it  5  c.c. 
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of  iron  alum  solution  and  titrate  with  the  standard  sulphocyanate  solu- 
tion until  a  permanent  red  color  is  obtained.  Eecord  the  reading  of  the 
burette  containing  the  sulphocyanate  at  the  beginning  and  end  of  the 
titration. 

Calculation.  On  standardization  of  the  KCNS  it  was  found  that 
1  c.c.=a;  c.c.  AgNOg  solution.  In  the  above  titration  y  c.c.  KCNS 
solution  have  been  required  to  titrate  the  excess  AgNOg  in  50  c.c.  of 
the  filtrate.  100  c.c.  or  the  whole  filtrate  would  require  2y  c.e.  KCNS. 
This  is  equivalent  to  2xy  c.e.  AgNOg  solution.  The  whole  amount  of 
AgNOs  solution  added  was  20  c.e.,  hence  20 — 2xy  c.c.  is  the  amount 
which  has  been  used  to  precipitate  the  chlorides.  1  c.c.  of  the  standard 
AgNOg  is  equivalent  to  .01  gram  NaCl  or  .00606  gram  CI.  The  total  CI 
in  10  C.C.  of  urine  is  hence  {2Q-2xy)  X.00606  grams.  In  100  c.c.  it  is 
10  times  this  amount. 

Standard  solutions.  Silver  nitrate.  Dissolve  29.063  grams  fused 
AgNOa  in  distilled  water  and  make  up  to  1  liter.    1  e.e.=.00606  gr.  CI. 

Potassium  sulphocyanate.  8  grams  of  the  salt  dissolved  in  water  and 
made  to  1  liter.    Standardize  by  titrating  against  AgNOg  solution. 

Iron  alwrru    Concentrated  solution.    Pure  HNOg  free  from  chlorine. 

Standardization  of  sulphocyanate  solution.  Measure  accurately  with 
a  burette  or  pipette  10  c.c.  of  the  standard  AgNOg  solution  into  a  clean 
300  c.c.  beaker  or  flask,  add  5  c.c.  of  pure  nitric  acid,  5  c.c.  of  iron  alum 
solution  and  80  c.c.  of  water.  From  a  burette  run  in  the  solution  of 
sulphocyanate  carefully  until  a  permanent  faint  red  tinge  is  obtained. 
Note  the  reading  of  the  burette  before  and  after  the  addition  of  the 
sulphocyanate  to  the  silver  nitrate.  Two  determinations  should  be  made 
and  the  mean  taken. 

X  c.c.  KCNS  =  10  CO.  AgNO^.-.  1  c.c.  KCNS  =  10/x  c.c.  AgNO^. 

CALCIUM. 

Experiment  302.  Estimation  of  calcium.  Method  of  McCrudden. 
{Jour.  Biol.  Chem.,  X,  p.  187,  1911.) — (a)  Solutions  required.  2.5  per 
cent,  oxalic  acid,  20  per  cent,  sodium  acetate,  0.5  per  cent.  (NH4)2C204 
sol. 

(b)  Process.  Before  measuring  off  a  sample  of  urine,  determine  the 
reaction  toward  litmus  paper.  If  neutral  or  alkaline,  make  slightly  acid 
by  the  addition  of  cone.  HCl.  Mix  well  and  filter  a  portion.  Measure 
off  200  c.c.  of  the  filtered  urine;  if  only  faintly  acid  to  litmus  paper 
add  10  drops  cone.  HCl;  if  the  filtered  urine  is  strongly  acid  make 
slighty  alkaline  with  NH4OH  and  then  acidify  as  above  indicated,  finally 
adding  10  drops  cone.  HCl  (sp,  gr.  1.19)    or  10  c.e.  N/2  HCl. 
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Now  add  10  c.c.  of  the  2.5  per  cent,  oxalic  acid  drop  by  drop  to  the 
cold  solution ;  then  in  the  same  way  add  8  c.c.  of  the  20  per  cent.  NaCj 
H3O2  solution.  Now  allow  to  stand  overnight  or  shake  vigorously  for 
10  minutes. 

Filter  off  on  ashless  paper,  wash  free  from  chlorides  with  0.5  per 
cent.  (NH4)2C204  solution.  Ignite  in  a  porcelain  crucible  and  weigh 
as  CaO.  Ignite  strongly  until  constant  in  weight.  Or  filter  through 
asbestos,  transfer  precipitate,  washed  with  dilute  ammonium  oxalate  and 
3  times  with  cold  water,  and  asbestos  to  a  beaker  with  a  little  water, 
acidify  with  sulphuric  acid  and  titrate  with  N/20  permanganate. 

Experiment  303.  Estimation  o£  calcium  in  urine  by  Lyman's 
method  (Lyman,  Jow.  of  Biol.  Chem.,  21,  p.  551,  1915). — Principle. 
This  is  the  same  in  all  particulars  as  given  for  blood  filtrate  on  page 
1039. 

Solutions  needed- 

1.  Potassium  ricinate.  Dissolve  15  grams  KOH  in  a  mixture  of- 
25  c.c.  of  water  and  100  c.c.  95.  per  cent,  alcohol.  "Warm.  Add  100  c.c. 
castor  oil.  Shake  well.  Heat  with  reflux  condenser  on  steam  bath  until 
a  sample  dissolves  in  water  with  no  free  oil  showing.  Takes  usually  7 
hours.  This  is  the  stock  solution.  Pipette  35  c.c.  of  stock  solution  into 
a  flask,  add  965  c.c.  of  NaOH  solution  containing  9  grams  of  NaOH. 
Reagent  should  be  perfectly  colorless  and  perfectly  clear.  Must  be  made 
fresh  from  stock.    Will  not  keep  more  than  a  week. 

2.  2  per  cent,  oxalic  acid  (1  c.c.  for  a  determination). 

3.  10  per  cent,  sodium  acetate  (1  c.c.  for  a  determination).  10 
grams  crystallized  sodium  acetate  to  100  c.c.  of  water. 

4.  0.5  per  cent,  ammonium  oxalate  (20  c.  c.  for  a  determination). 

5.  Standard  calcium  oxalate  in  2.5  per  cent.  HCl.  [0.5475  gram 
calcium  oxalate  (CaCaO^.HjO)  in  a  liter  of  2.5  per  cent.  HCl].  Contains 
1.5  mgs.  of  Ca  per  10  c.c. 

6.  5  per  cent.  HCl. 

Method.  If  urine  is  alkaline  make  it  slightly  acid.  Filter  to  make 
Ca  oxalate  centrifuge  out  better.  Make  just  alkaline  with  concentrated 
NH4OH  added  drop  by  drop.  Make  just  acid  with  concentrated  HCl 
(sp.  gr.  1.20).  Cool.  For  every  100  c.c.  urine  add  now  5  more  drops  of 
acid.  If  cloud  of  phosphates  produced  by  alkalinity  is  easily  seen  use 
it  as  indicator.  If  not  use  litmus  paper.  If  cloud  is  heavy  take  5  c.c. 
of  urine ;  if  light  take  8  c.c,  10  c.c.  or  more.  Usually  with  normal  adults 
8  c.c.  is  best.  Pipette  8  c.e.  into  small  Brlenmeyer  flask.  Add  1  c.c. 
2  per  cent,  oxalic  solution.  Add  1  c.c.  10  per  cent,  sodium  acetate  solu- 
tion. Stopper.  Shake  well  10  minutes  by  the  watch.  Rinse  stopper 
with  a  little  0.5  per  cent,  ammonium  oxalate  solution.  Pour  into  centri- 
fuge tube.    Binse  flask  with  2  c.c.  of  the  ammonium  oxalate.    Centrifuge 
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until  supernatant  liquid  is  perfectly  clear.  (2  to  3  minutes).  Pour 
off,  being  careful  not  to  disturb  the  precipitate.  Wash  the  precipitate 
with  10  CO.  of  0.5  per  cent,  ammonium  oxalate  solution.  Centrifuge  and 
decant.  By  stirring  with  rod  dissolve  precipitate  in  5  c.c.  of  5  per  cent. 
HCl.  If  precipitate  dissolves  with  difficulty,  place  tube  in  hot  water  for 
a  minute  or  two  until  dissolved  and  then  recool.  Pour  into  original 
flask.  Einse  tube  and  stirring  rod  with  5  c.c.  distilled  water.  Agitate 
liquid  in  flask  to  dissolve  any  precipitate  clinging  to  walls.  In  another 
flask  take  10  c.c.  of  a  standard  calcium  oxalate  solution.  From  a  pipette 
from  which  the  tip  has  been  broken  run  into  each  flask  20  c.c.  of 
potassiujn  ricinate  reagent,  agitating  meanwhile.  Mix.  Allow  to  stand 
for  two  minutes  and  read  the  clouds  in  Duboscq  colorimeter  with  the 
shade  of  the  latter  in  place.  Eead  standard  against  itself  first.  If  10 
c.c.  urine  are  taken  and  unknown  is  set  at  15  mm.  the  reading  of  the 
standard  will  equal  the  number  of  mgs.  of  calcium  in  100  c.c.  urine.  In 
any  case  where  unknown  is  set  at  given  height  and  the  standard  read 
against  it;  the  following  formula  serves:  Mgs.  of  calcium  in  1  c.c. 
urine  =  Reading  of  standard  X  1-5  divided  by  Reading  of  unknown  X 
no.  of  c.c.  of  urine  taken. 

If  urine  contains  less  than  .75  mg.  Ca  or  more  than  2.5  mgs.  the 
readings  are  not  quantative  and  another  determination  is  necessary, 
with  a  volume  of  urine  containing  an  amount  between,  these. 


PHOSPHATES. 

Experiment  304.  Estimation  of  total  phosphates  by  the  uranium 
acetate  titration. — Measure  off  by  a  pipette  50  c.c.  urine  into  a  150  to 
300  c.c.  beaker,  add  5  c.c.  sodium-acetate  solution  (1  liter  contains  100 
grams  sodium  acetate  and  30  grams  acetic  acid)  and  heat  to  boiling. 
Now  while  boiling  gently  and  agitating,  add  drop  by  drop  of  the 
standard  uranium-acetate  solution  (35.461  grams  made  up  to  1  liter) 
until  one  is  no  longer  able  to  see  the  formation  of  a  distinct  precipitate 
as  the  solution  is  added.  Now  remove  a  drop  on  to  a  titration  plate 
containing  drops  of  10  per  cent.  K^PeCyg  solution.  The  end  point  is 
reached  when  the  mixture  of  the  drops  at  once  yields  a  brownish-red 
precipitate. 

It  may  be  necessary  to  repeat  the  titration  to  arrive  at  a  more 
accurate  end  point.  Calculate  the  total  grams  of  phosphorus  in  the 
24-hours'  sample.  Each  e.c.  of  the  uranium-acetate  solution  is  equiva- 
lent to  0.002183  gram  phosphorus.  This  must  be  determined  by 
standardizing  the  uranium  solution  against  a  standard  KHjPO^  solution 
(4.39  grams  in  500  c.c.  solution)  containing  2  mgs,  P  in  1  e.c. 
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This  method  is  not  so  accurate  as  the  gravimetric,  but  is  sufficiently 
accurate  for  all  ordinary  purposes  and  much  easier  than  the  gravimetric. 

DEXTROSE. 

Experiment  305.  Glucose  by  Benedict's  method  {Journal  Amer. 
Med.  Ass.,  LVII,  1193,  1911). — Principle.  Complete  reduction  of  a 
standard  cupric  sulphate  to  a  colorless  cuprous  state  by  urine  run  in 
from  a  burette. 

Process.  25  c.c.  of  the  reagent  are  measured  by  a  pipette  accurately 
into  a  25-30  cm.  evaporating  dish.  Add  10-20  grams  of  crystalline 
NaaCOa,  or  half  the  quantity  of  the  anhydrous  salt,  some  powdered 
pumice  or  talcum,  and  heat  to  boiling  over  a  free  flame  until  the  car- 
bonate has  completely  dissolved.  Dilute  10  c.c.  of  urine  to  100  c.c, 
unless  the  amount  of  sugar  in  it  is  small,  when  it  can  be  used  without 
dilution,  fill  a  burette  with  the  urine,  or  diluted  urine,  to  the  zero  mark 
and  run  into  the  boiling  copper  solution  rather  rapidly  at  first,  then 
more  slowly  as  the  color  grows  less,  then  add  but  a  few  drops  at  a  time 
until  the  solution  is  colorless.  A  white  precipitate  forms.  If  the  mix- 
ture becomes  too  concentrated  during  the  process,  add  water  to  replace 
that  evaporated. 

Oaiculation:  The  reduction  of  the  25  c.c.  of  the  copper  reagent  is 
accomplished  under  these  conditions  by  exactly  50  mgs.  of  glucose.  The 
amount  of  urine  run  in  from  the  burette  contained  this  amount  of  glu- 
cose, provided  of  course  there  was  no  other  reducing  substance  in  it.  If 
the  urine  was  diluted  10  times,  then  the  per  cent,  of  glucose  in  the 
original  urine  was  0.050Xl,000/x,  where  x  was  the  number  of  c.c.  used 
from  the  burette. 

Standard  solution.  CuSOj  (crystalline),  18.0  grams;  Na^COg  (crys- 
talline) ,  200  grams ;  sodium  or  potassium  citrate,  200  grams ;  KCNS,  125 
grams;  potassium  ferrocyanide,  5  per  cent,  solution,  5.0  c.c;  distilled 
water  to  make  a  total  volume  of  1  liter.  Dissolve  the  carbonate,  citrate 
and  thiocyanate  in  about  700  c.c.  water  and  filter  if  necessary.  Dis- 
solve the  copper  sulphate  in  100  c.c.  water  and  add  slowly  little  by  little, 
stirring  constantly,  to  the  700  c.c.  Add  the  ferrocyanide  and  make  up 
exactly  to  1  liter.  The  copper  salt  must  be  weighed  exactly;  the  other 
constituents  need  not  be  so  exactly  measured. 

The  advantage  of  this  method  over  the  original  titration  by  Fehling  'a 
solution  in  a  similar  way  is  that  the  solution  is  less  alkaline  so  that  the 
sugar  is  less  profoundly  decomposed  by  the  alkali  and  there  is  less 
danger  of  oxidation  by  the  oxygen  of  the  air.  The  end  point  in  this 
method  is  sharp,  whereas  in  the  titration  by  Fehling 's  solution  it  is 
often  very   indefinite.     The  method  is  probably  as  accurate  as  any 
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volumetric  method.  The  drawback  to  the  method  lies  in  the  changing 
concentration  of  the  copper  as  the  titration  proceeds,  so  that  relatively 
less  copper  is  used  to  oxidize  each  molecule  of  glucose  and  the  danger 
of  oxidation  by  the  air  increases.  It  is,  however,  the  most  convenient 
and  exact  of  the  volumetric  methods,  except  the  method  of  Bang,  which 
has  some  points  of  superiority,  but  is  not  so  simple. 

Other  methods  have  been  suggested,  but  they  are  inferior  to  those 
given  here  and  are  accordingly  omitted.  This  second  method  is  superior 
to  Benedict's  earlier  method. 

Experiment  306.  Determination  of  glucose  in  urine.  (Polin  and 
Peck:  J.  Biol.  Chem.,  1919,  38,  p.  287.) 

The  solutions  required  are  the  same  as  described  in  experiment  90, 
pages  952-954. 

A  special  sugar  burette  reading  to  0.02  c.c.  furnished  by  Emil 
Greiner  Company,  New  York,  is  recommended.    See  Figure  77,  page  953. 

The  undiluted  urine  is  run  in  from  the  burette,  0.4  to  1  c.c,  to  clear, 
warm  copper-salt  solution  in  a  large,  previously  dried,  Pyrex  glass  tube. 
This  solution  is  made  by  transferring  to  the  test-tube  5  c.c.  of  the  5.9 
per  cent,  copper  sulphate  solution,  adding  approximately  1  c.c.  saturated 
sodium  carbonate,  shaking  for  a  moment,  then  adding  4  to  5  gms.  of 
the  phosphate-carbonate-thiocyanate  mixture,  warming  gently  and  shak- 
ing until  all  is  dissolved.  Add  0.4  to  1  c.c.  of  the  urine,  heat  fairly 
rapidly  to  boiling  and  then  boil  gently.  When  the  mixture  begins  to 
bump  add  a  dry  pebble.  If  the  boiling  contents  of  the  test-tube  do  not 
become  suddenly  filled  with  cuprous  thiocyanate  precipitate  within 
the  first  15  seconds  of  boiling,  then  less  than  half  the  required  sugar 
has  been  added  and  more  urine  should  be  added  without  delay.  If  an 
excess  is  added  at  the  start  so  that  the  solution  becomes  colorless  before 
4  minutes  of  boiling  discard  and  begin  again,  adding  less  of  the  urine. 
The  volume  of  solution  in  tube  should  not  become  less  than  6  to  7  c.c. 

Experiment  307.  Quantitative  determination  of  glucose  by  Bang's 
method.  {Bioch.  Ztschr.  2  and  11;  and  49,  1913.) — Principle.  A 
standard  solution  of  Cu(CNS)2,  cupric  thiocyanate,  made  alkaline  by 
K2CO3  and  KHCOs  is  reduced  by  glucose  to  colorless  CuCNS,  cuprous 
thiocyanate.  An  excess  of  the  reagent  is  used  and  the  excess  of  the 
cupric  salt  is  titrated  to  the  colorless  cuprous  salt  by  a  standard  solution 
of  hydroxylamine  sulphate.  From  the  amount  of  hydroxylamine  re- 
quired to  reduce  the  excess  of  cupric  salt  the  amount  of  cupric  salt 
reduced  by  the  sugar  can  be  found  and  from  this  by  reference  to  a  table 
which  has  been  prepared  by  determining  the  reducing  power  of  known 
amounts  of  dextrose,  the  amount  of  dextrose  in  the  solution  is  deter- 
mined. 

Process.    Measure  from  a  pipette  10  c.c.  of  urine,  which  must  not 
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contain  more  than  0.6  per  cent,  of  glucose,  into  a  flat-bottomed  200  o.c. 
flask.  If  the  urine  contains  more  than  this  amount  of  sugar  take  a 
proportionately  smaller  amount  of  it,  2-5  c.c,  and  dilute  with  water  so 
that  the  bulk  of  fluid  added  to  the  flask  is«  10  c.c.  Add  50  c.c.  of  the 
copper  solution  and  heat  to  boiling  on  a  wire  gauze  and  boil  for  exactly 
three  minutes.  Remove  and  cool  at  once  under  the  tap  to  stop  the  re- 
action. Now  run  in  slowly  from  a  burette,  the  reading  of  which  has 
been  taken,  the  standard  hydroxylamine  solution,  shaking  the  flask  with 
each  addition,  until  the  solution  loses  its  blue  color  and  becomes  color- 
less or  has  a  slight  yellow  tint.  The  end  point  is  not  very  sharp.  An 
error  of  0.5  c.c.  of  hydroxylamine  is  possible  for  beginners.  F'rom  the 
amount  of  hydroxylamine  solution  required  the  amount  of  dextrose  can 
be  found  by  consulting  the  accompanying  table : 


Hydroxylamine 
Bolution 

Sngar 

Hyrlroxylemine 
yoluiion 

Sngar 

Hydroxylamine 
Bolution 

Sngar 

Hydroxylamine 
solution 

Sngar 

C.c. 

Mgi. 

C.c. 

Mgs. 

0.0. 

Mgt. 

V.C. 

.  J^l/S. 

43.85 

5 

29.60 

19 

17.75 

33 

7.65 

47 

42.75 

6 

28.65 

20 

16.95 

34 

7.05 

48 

41.65 

7 

27.75 

21 

16.15 

35 

6.50 

49 

40.60 

8 

26.85 

22 

15.35 

36 

5.90 

SO 

39.50 

9 

26.00 

23 

14.60 

37 

5.35 

61 

38.40 

10 

25.10 

24 

13.80 

38 

4.75 

52 

37.40 

11 

24.20 

25 

13.05 

39 

4.20 

53 

36.40 

12 

23.40 

26 

12.30 

40 

3.60 

54 

35.40 

13 

22.60 

27 

11.60 

41 

3.05 

55 

34.40 

14 

21.75 

28 

10.90 

42 

2.60 

56 

33.40 

15 

21.00 

29 

10.20 

43 

2.15 

57 

32.45 

10 

20.15 

30 

9.50 

44 

1.65 

58 

31.50 

17 

19.35 

31 

8.80 

45 

1.20 

59 

30.55 

18 

18.55 

32 

8.20 

40 

0.75 

60 

(Bang.) 
Standard  solutions:  Copper  solution.  Dissolve  12.5  grams  of  copper 
sulphate  (CuSO^-f-SHaO)  in  60  c.c.  water,  warming  if  necessary,  and 
after  cooling  to  room  temperature  dilute  to  75  c.c.  Place  in  a  large 
evaporating  dish  or  beaker  200  grams  of  powdered  potassium  thiocya- 
nate,  250  grams  of  potassium  carbonate  and  50  grams  of  potassium  bicar- 
bonate, and  about  600  c.c.  of  water.  Stir  and  if  necessary  aid  the 
solution  by  gently  warming  on  the  water  bath,  but  not  over  50°.  Cool 
the  solution  under  the  tap  to  the  usual  temperature,  add  the  copper- 
sulphate  solution  very  slowly,  a  little  at  a  time  while  stirring.  Transfer 
to  a  1  liter  volumetric  flask,  washing  the  evaporating  dish  or  beaker  out 
carefully  into  the  volumetric  flask  and  make  up  to  1  liter.  The  solution 
slowly  changes  on  standing  and  in  three  months  is  useless.  With  a 
little  care  the  solution  may  be  made  directly  in  the  flask.  The  process 
outlined  above  must  be  followed  exactly  or  a  false  titer  will  be  found. 

Hydroxylamine  solution.    Dissolve  200  grams  potassium  thiocyanate 
in  1,500  c.c.  of  watier  in  a  2-liter  volumetric  flask.    Add  to  it  a  solution 
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of  6.55  grams  hydroxylamine  sulphate  in  a  little  water,  carefully  wash- 
ing all  the  solution  into  the  flask,  and  make  up  to  2  liters. 

Standardization.  These  two  solutions  should  exactly  correspond. 
Titrate  50  c.c.  of  the  copper  solution,  to  which  10  c.c.  water  is  added, 
with  the  hydroxylamine-sulphate  solution,  to  make  sure  that  they  do 
correspond. 

The  advantages  of  this  method  are  that  the  solution  is  less  alkaline 
so  that  the  sugar  is  not  broken  up  readily  by  the  alkali  and  no  precipi- 
tate forms  so  that  the  end  point  is  sharper.  The  reducing  action  of  the 
uric  acid  and  creatinine  is  small  in  this  faintly  alkaline  solution,  so  that 
they  introduce  less  error. 

Experiment  308.  Quantitative  determination  of  glucose  by  Bang's 
micro-method  (Bang,  Biochemische  Zeitschrift,  XLIX,  p.  1, 1913 ;  LVII, 
301,  1913). — Principle.  The  macrochemical  method  is  expensive  on 
account  of  the  cost  of  hydroxylamine  and  thiocyanate  and  the  copper 
solution  is  not  stable.  By  this  method  very  minute  amounts  of  glucose, 
even  0.1  mg.,  may  be  accurately  determined.  The  copper  solution  is 
modified  from  the  former  method  in  that  less  carbonate  is  taken  and 
potassium  chloride  is  substituted  for  potassium  thiocyanate.  The  copper 
is  reduced  in  the  absence  of  air  and  the  reduced  cuprous  chloride,  which 
is  k^ept  in  solution  by  the  large  amount  of  KCl  present,  is  titrated  directly 
with  N/100  or  N/25  or  N/10  I  solution,  soluble  starch  being  used  as  the 
indicator.  The  iodine  solution  under  these  conditions  oxidizes  the 
cuprous  chloride  back  to  the  cupric  condition. 

Process.  Place  in  a  100  c.c.  Jena-glass,  flat-bottomed  flask  having 
a  neck  without  a  turned-over  edge  0.1-2  c.c.  of  the  sugar  solution  to 
be  examined.  The  solution  must  not  contain  more  than  10  mgs.  of 
glucose,  and  it  is  better  to  have  not  more  than  5  mgs.  If  the  sugar 
solution  is  more  dilute,  more  than  2  c.c.  of  the  solution  may  be  added. 
Then  add  55  c.c.  of  the  copper  solution,  measured  with  a  55  c.c.  pipette, 
and  draw  over  the  neck  of  the  flask  a  closely-fitting,  good  rubber  tube, 
leaving  about  2  cms.  projecting  above  the  neck  of  the  flask.  A  good 
Mohr  pinch  cock  is  laid  ready  to  put  on  the  rubber  tubing  so  as  to  close 
the  flask  air-tight  at  the  end  of  boiling,  or  the  special  apparatus  figured 
in  Figure  109,  which  enables  one  to  lift  the  flask  from  the  flame  and  close 
the  mouth  at  the  same  instant,  is  adjusted  on  the  flask.  Heat  over  a 
flame  so  high  that  it  takes  3%  to  3^/4  minutes  to  come  to  the  boil  and 
then  boil  vigorously  for  exactly  3  minutes.  At  the  end  of  3  minutes 
exactly,  clamp  air-tight  the  rubber  tube  on  the  neck  of  the  flask,  lift  the 
flask  from  the  flame  and  cool  at  once  under  the  tap.  The  object  of  the 
clamp  is  to  prevent  any  oxidation  by  air  while  cooling.  After  cooling 
to  room  temperature,  open  the  rubber  tube  and  add  V2  to  1  c.c.  of  a 
1  per  cent,  solution  of  soluble  starch  in  a  saturated  KCl  solution  to  the 
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contents  of  the  flask  and  titrate  with  N/100  or  N/25  iodine  solution 
run  in  from  a  glass-stoppered,  small  burette.  At  first  the  decolorization 
of  the  starch  takes  place  at  once  and  the  iodine  may  be  run  in  freely. 
When  the  blue  color  of  the  starch  iodide  appears,  shake  the  flask  gently 
once  and  allow  it  to  stand.  Near  the  end  point  the  color  persists  2-3 
seconds  and  then  disappears.  Add  iodine  solution  until  the  color  per- 
sists 5-10  seconds.  Particularly  in  titrating  urine  a  slow  decolorization 
of  the  starch  due  to  the  absorption  of  the  oidine  goes  on.  This  is  to  be 
disregarded  and  the  end  point  taken  as  that  at  which  the  color  persists 
for  5-10  seconds. 

Computation.     There  is  a  direct  proportionality  between  the  amount 
of  sugar  oxidized  under  these  circumstances  and  the  amount  of  iodine 


Fig.    109. — Flask  for  use  in  Bang's  mici'b-method. 

solution  used,  at  least  up  to  9.5  mgs.  of  sugar.  It  is  only  necessary, 
therefore,  in  order  to  find  the  mgs.  of  glucose  in  the  amount  of  solution 
taken,  to  divide  the  number  of  c.c.  of  N/100  I  used  in  the  titration  by 
the  factor  2.7.  If  the  titration  is  by  N/25  I  divide  by  the  factor  0.7,  and 
if  N/10  I  by  the  factor  0.285.  Since  in  making  the  copper  solution  16.5 
c.c.  of  stock  solution  are  diluted  by  the  addition  of  38.5  c.c.  of  KCl  solu- 
tion, it  is  possible  to  replace  the  38.5  c.c.  of  KCl  by  38.5  c.c.  of  the  sugar 
solution  to  which  has  been  added  11-11.5  grams  of  solid  KCl.  In  this 
way  0.1  mg.  of  glucose  may  be  accurately  determined  when  present  in 
a  concentration  of  1 :  300,000. 

Copper  solution.  Dissolve  first  160  grams  KHCO3,  100  grams  K2CO3 
and  66  grams  KCl  with  about  700  c.c.  water  in  a  1-liter  flask.  Since  the 
bicarbonate  is  not  readily  soluble,  pulverize  and  dissolve  it  first  at  a 
temperature  of  about  30°  C.  Then  dissolve  the  KCl  and  finally,  under 
cooling,  the  carbonate.  Now  add  100  c.c.  of  a  4.4  per  cent,  solution  of 
CUSO4+5H2O  and  fill  to  the  mark  when  the  slight  evolution  of  CO2  is 
at  an  end.  Shake  the  solution  only  gently  so  as  not  to  absorb  much 
air.     Use  the  solution  on  this  account  only  after  24  hours'  standing, 
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This  is  the  stock  copper  solution.  To  use,  dilute  300  e.c.  to  1,000  c.e. 
by  the  addition  of  saturated  KCl  solution.  Shake  this  mixture  also  veiy 
little,  and  use  only  after  standing  some  hours. 

Iodine  solution.  This  is  a  N/100  I  solution.  This  may  be  made  by 
diluting  a  N/10  I  solution  with  boiled  water.  Such  a  solution  in  a 
dark-colored  bottle  keeps  its  strength  unchanged  for  3  months.  One  can 
make  it  also  from  iodide  and  iodate.  Pour  1  c.c.  of  a  2  per  cent.  KIO3 
solution  in  a  100  c.c.  volumetric  flask,  add  2-2.5  gr.  KI  and  exactly  10 
c.c.  N/10  HCl.  The  acid  sets  free  an  equivalent  amount  of  I.  The 
reaction  is  instantaneous  and  the  flask  is  filled  to  the  mark  with  water. 

SturcJi  solution.  1  per  cent,  soluble  starch  in  saturated  KCl  solution. 
This  keeps  perfectly. 

Note.  55  c.c.  of  the  copper  solution  is  reduced  completely  by  10  mgs. 
glucose. 

Experiment  309.  Microdetermination  of  glucose  in  blood  (Bang, 
Bioch.  Zeits.,  XLIX,  1913,  p.  23 ;  LVII,  1913,  p.  301.— Principle.  Two 
or  three  drops  of  blood  are  received  on  a  previously  weighed,  small  piece 
of  blotting  paper  and  rapidly  weighed.  The  blotting  paper  is  then 
heated  with  slightly  acid  salt  solution  to  coagulate  the  proteins,  which 
remain  in  the  blotting  paper  while  the  glucose  goes  into  the  salt  solution. 
The  glucose  is  then  determined  by  the  method  given  in  308,  except  that 
smaller  amounts  of  copper  solution  and  a  weaker  iodine  solution,  N/200, 
are  employed.  Microchemical  methods  are  also  given  for  the  determina- 
tion of  water  and  chlorides  in  blood. 

Process.  Small  pieces  of  a  good,  thick  blotting  paper  are  prepared 
about  16  X  28  mm.  in  area  and  weighing  about  100  mgs.  The  paper  must 
be  extracted  thoroughly  first  with  hot  water  acidified  with  acetic  acid  to 
remove  any  iodine-binding  substances,  chlorides  and  reducing  matters. 
(Papers  all  prepared,  weighed  and  having  attached  to  them  a  small  wire 
for  attaching  them  to  the  balance  may  be  had  from  Warmbrunn  and 
Quilitz,  Berlin,  who  also  have  the  other  apparatus  recommended.)  The 
blotting  paper  is  weighed  beforehand.  Two  or  three  drops  of  blood 
weigliing  about  100-130  mgs.  are  drawn  into  the  paper  and  immediately 
weighed.  The  weighing  is  very  conveniently  done  on  a  small  torsion 
balance  of  a  special  type  recommended  in  the  original  article.  Weighing 
to  1  mg.  is  sufficient.  The  blotting  paper  with  the  blood  is  now  placed 
in  a  test-tube  and  6.5  c.c.  of  boiling  hot  salt  solution  containing  HCl 
is  added  and,  after  standing  V2  hour,  the  clear  liquid  is  poured  carefully 
without  loss  into  a  50  c.c.  Jena  glass  flask  with  a  neck  without  a  rim 
and  provided  with  a  piece  of  rubber  tubing  like  that  described  in  the 
previous  method — 308.  The  salt  solution  with  HCl  consists  of  1,360 
c.c,  of  saturated  KCl  +  640  c.c.  HjO  +  1.5  c.c.  25  per  cent.  HCl  in  a 
2-liter  flask.    The  salt  solution  may  be  measured  into  a  test-tube  with  a 
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mark  at  6.5  c.c.  in  which  it  is  boiled.  The  blotting  paper  is  now  washed 
out  again  with  another  6.5  c.c.  of  hot  salt  solution  and  this  is  added  to 
the  50  c.c.  flask.  The  flask  is  cooled  and  after  cooling  add  1  c.c.  of  the 
copper  stock  solution  described  in  308.  This  is  sufficient  for  at  least 
0.8  mg.  of  glucose.  The  flask  provided  with  the  rubber  tubing  and  with 
the  holder  ready  to  clamp  the  tubing  (Figure  109)  is  now  heated  to  boil- 
ing so  that  it  takes  1  min.  30  sec.  to  come  to  the  boil  (a  variation  of 
5  seconds  more  or  less  permitted)  and  then  boiled  gently  for  exactly  2 
minutes.  At  the  end  of  2  minutes  exactly  the  rubber  tube  on  the  neck 
of  the  flask  is  clamped  air-tight,  the  flask  lifted  from  the  flame  and 
cooled  under  the  tap.  The  reduced  cuprous  chloride  is  now  titrated 
with  N/200  iodine  solution  after  the  addition  of  1-2  drops  of  starch 
solution  and  while  the  air  in  the  flask  is  being  driven  out  by  a  gentle 
stream  of  CO2  which  is  carried  to  the  bottom  of  the  flask  by  a  small  tube. 
It  is  very  necessary  to  prevent  the  entrance  of  air  during  the  titration, 
as  this  oxidizes  some  of  the  cuprous  chloride.  The  N/)200  I  is  run  in 
from  a  small,  sharp-pointed,  glass-cock  burette  of  about  2  c.c.  capacity, 
graduated  to  one-fiftieth  of  a  c.c.  One  adds  the  iodine  solution  until 
the  slight  blue  color  persists  for  from  30-60  seconds.  At  first  the  color 
will  disappear  in  2-3  seconds  as  one  draws  near  the  end  point. 

Computation.  Since,  for  some  reason,  the  salt  solutions  and  copper 
solutions  have  the  power  of  binding  about  0.12  c.c.  of  N/200  I,  this 
amount  is  first  subtracted  from  the  amount  of  N/200  I  consumed  in 
the  titration  and  the  result  divided  by  4  gives  the  number  of  mgs.  of 
glucose  in  the  amount  of  blood  or  liquid  taken.  0.01  mg.  of  glucose  is 
equivalent  to  0.04  c.c.  of  N/200  I  solution.  For  example,  if  0.72  c.c. 
of  N/200  I  has  been  used,  the  amount  of  glucose  will  be  0.72 — 0.12-^4,  or 
0.15  mg.  of  glucose.  The  results  thus  obtained  with  blood  are  a  little 
higher  than  results  given  by  Bertrand  or  the  macro-method.  This  is  due 
to  the  presence  of  some  I-binding  material  in  blood.  Experience  shows 
that  this  is  about  equivalent  to  0.01-0.015  per  cent,  of  glucose.  So  that 
this  amount  should  be  subtracted  from  the  results  obtained  to  give  the 
true  value  of  the  glucose  content. 

Solutions.  The  N/200  I  is  made  fresh  since  it  is  not  stable.  Into 
a  100  c.c.  volumetric  flask  bring  1-2  c.c.  2  per  cent.  KI3,  about  2  grs. 
KI,  exactly  5  c.c.  of  N/10  HCl  and  fill  to  the  mark  with  water.  The 
copper  solution  has  already  been  described  in  308. 

ACETONE;  DIACETIC  ACID;  HYDROXYBUTYRIC. 

Experiment     310.     Determination     of     acetone.     Micromethod. 

(Folin.) — Principle.     The  acetone  is  absorbed  in  bisulphite  solution  and 
then  determined  by  nephelometric  comparison  between  this  solution  and 
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a  standard  acetone  solution  using  Scott-Wilson  reagent  for  acetone. 
Solutions  needed: 

1.  Scott-Wilson  reagent.  Add  a  cold  solution  of  180  grams  NaOH 
in  600  c.c.  water  to  10  grams  mercuric  cyanide  dissolved  in  600  c.c.  HjO. 
Add  slowly  to  the  solution  thus  obtained  and  while  vigorously  stirring 
a  solution  of  2.9  grams  AgNOj  dissolved  in  400  c.c.  water.  This  is  best 
done  in  a  strong  jar  not  easily  broken.  The  silver  should  dissolve  com- 
pletely to  a  clear  solution.  If  it  is  turbid  allow  to  stand  until  turbidity 
is  settled  and  take  the  clear  supernatant  part.  The  reagent  gradually 
deteriorates  and  is  not  usable  for  quantitative  work  after  a  few  months. 
(45  c.c.  needed  for  each  determination.) 

2.  2  per  cent,  sodium  bisulphite  solution.  This  must  be  made  fresh. 
(30  c.c.  needed  for  each  determination.) 

3.  Standard  acetone  solution.  2.5  grams  acetone  sulphite  are  dis- 
solved in  50  c.c.  water,  transferred  to  a  1,000  c.c.  volumetric  flask  and 
filled  to  the  mark  with  1 : 5  HCl.  Standardize  this  solution  by  titrating 
25  c.c.  of  it.  Add  to  the  25  c.c.  in  a  flask  20  c.c.  of  N/^0  I  solution. 
After  5  minutes  titrate  the  unreduced  iodine  by  N/10  thiosulphate  solu- 
tion.   This  will  give  the  SOj. 

To  determine  the  acetone  take  another  25  c.c,  add  to  it  50  e.c.  N/10  I, 
allow  to  stand  5  minutes,  then  add  10  c.c.  40  per  cent.  NaOH  and  after 
5  minutes  add  18  c.c.  concentrated  HCl.  Titrate  surplus  I  with  thio- 
sulphate. From  the  50  c.c.  N/10  I  taken  subtract  the  c.c.  of  thiosul- 
phate used  in  the  last  titration  and  the  c.c.  of  iodine  used  in  the  SOj 
determination  above.  The  result  gives  the  iodine  taken  up  by  the 
acetone.  Prepare  from  this  stock  solutions  by  dilution  a  solution  which 
contains  1  mg.  acetone  in  10  c.c. 

Apparatus.     1.     Nephelometer. 

Method.  To  get  an  idea  how  much  urine  to  take  so  that  it  will 
contain  about  0.5  mg.  of  free  acetone  make  a  preliminary  test  as  follows : 
Place  5  c.c.  of  the  urine  in  a  large  test-tube,  add  a  few  drops  of  dilute 
HCl,  connect  up  the  tube  for  aeration.  In  a  second  tube  place  5  c.c. 
H^O  and  5  c.c.  Scott-WUson  reagent.  Connect  up  this  tube  as  in 
Figure  103  with  the  other.  Aerate  briskly  from  the  first  to  the  second 
tube,  warming  the  first  tube  to  about  35°,  but  keeping  the  second  one 
cool.  If  the  urine  contains  much  acetone  the  second  tube  wiU  become 
turbid  at  once ;  if  only  very  little  it  will  take  5  to  10  minutes.  Having 
thus  found  the  approximate  richness  in  acetone  of  the  urine  take  some- 
thing between  0.5  and  5  c.c,  the  more,  the  longer  it  has  taken  to  develop 
turbidity;  add  this  to  1  c.c.  10  per  cent.  H2SO4  in  a  large  test-tube 
arranged  for  aeration.  Connect  the  test-tube,  as  in  Figure  103,  with  a 
second  receiving  tube  which  contains  10  c.c.  of  the  freshly  made  2  per 
cent,  sodium  sulphite  solution.    Warm  the  first  tube  to  35°,  keeping 
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the  second  cool,  Eind  aspirate  air  through  it  at  a  moderate  rate  for  10 
minutes.  Disconnect  and  pour  without  loss  the  acetone  sulphite  mixture 
into  a  100  c.c.  volumetric  flask,  dilute  with  HjO  to  50  c.c.  To  make 
the  standard  for  comparison :  into  two  100  c.c.  volumetric  flasks  measure 
an  amount  of  the  stock  solution  to  contain  0.5  mg.  of  acetone,  add  to 
each  10  c.c.  of  2  per  cent,  sodium  bisulphite  and  dilute  each  to  50  c.c. 
with  water.  Now  to  each  flask  add  15  c.c.  of  a  clear  Scott- Wilson 
reagent  and  at  once,  before  turbidity,  dilute  to  the  mark  with  water. 
Mix.  Take  one  of  the  standards  and  put  it  into  the  two  tubes  of  the 
nephelometer  and  adjust  the  light  so  that  the  two  cylinders  match  when 
each  is  set  at  20.  Empty  out  the  cups  and  into  one  put  the  other 
standard  and  into  the  other  the  unknown  from  the  urine,  set  the 
standard  at  20  and  match  the  unknown  against  it. 
Computation: 

20  X  0.5 
Mgs.  acetone  in  number  of  c.c.  of  urine  taken  = 


Reading  of  unknown 


Experiment  311.  Acetone.  Quantitative  determination.  Folin 
method  {Jour.  Biol.  Chem.,  Ill,  1907,  177). — Principle.  The  acetone 
is  carried  over  by  a  strong  air  current  from  the  urine  and  is  absorbed 
and  changed  to  iodoform  by  an  alkaline  hypoiodite  solution  of  known 
strength.  The  amount  of  iodine  remaining  is  then  titrated  with  a 
standard  thiosulphate  solution  with  starch  as  an  indicator.  The  method 
is  accurate,  rapid  and  simple,  and  requires  only  20-25  c.c.  urine. 

Process.  Into  an  aerometer  cylinder  like  that  described  in  experi- 
ment 277,  or  a  large  test-tube,  measure  accurately  20-25  c.c.  of  urine 
with  a  pipette,  add  0.2-0.3  gram  of  oxalic  acid  or  a  few  drops  of  10  per 
cent,  phosphoric  acid,  8-10  grams  of  solid  NaCl  and  a  little  petroleum. 
The  salt  renders  the  acetone  less  soluble.  Connect  with  the  absorbing 
bottle  or  test-tube  which  is  like  that  described  for  the  ammonia  ap- 
paratus, experiment  275.  In  the  absorbing  bottle  place  about  150  c.c. 
water,  10  c.c.  40  per  cent.  KOH  solution  and  an  excess  of  standardized 
solution  of  N/10  I,  the  amount  being  carefully  measured  from  a  burette 
or  pipette.  An  excess  of  10-15  c.c.  of  the  standardized  iodine  solution 
should  be  added.  Hawk  recommends  that  to  get  an  idea  of  the  amount 
of  iodine  solution  necessary  to  add,  take  in  a  test-tube  10  c.c.  of  urine 
and  add  1  c.c.  of  ferric-chloride  solution  (100  grams  ferric  chloride 
in  100  c.c.  water) .  Compare  the  color  with  10  c.c.  of  the  original  ferric- 
chloride  solution  in  a  similar  test-tube.  If  the  colors  about  match,  then 
take  20  c.c.  of  the  iodine  solution.  If  the  urine  is  darker  so  that  it  has 
to  be  diluted  once  with  water,  then  take  35  c.c. ;  if  still  darker  take  more. 
It  is  important  to  connect  the  apparatus  and  begin  the  air  current  at 
once  after  adding  the  strong  alkali  to  "the  iodine,  since  the  hypoiodite 
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goes  over  very  rapidly  into  iodate.  Run  the  air  through  briskly,  but 
not  so  fast  as  for  ammonia,  for  20-25  minutes.  Then  disconnect,  acidify 
the  contents  of  the  hypoiodite  tube  by  the  addition  of  10  c.c.  concen- 
trated HCl  for  each  10  c.c.  of  strong  alkali  added  at  the  start,  and  titrate 
the  excess  of  iodine  by  means  of  the  N/10  thiosulphate  solution  with 
starch  as  indicator.  The  sodium  thiosulphate  solution  must  have  been 
titrated  against  the  iodine  beforehand.  It  must  be  kept  in  the  dark. 
For  standardization  of  the  thiosulphate  see  experiment  51. 

Experiment  312.  Determination  of  acetone  and  diacetic  acid 
(Folin-Hart). — Principle.  The  acetone  is  first  determined  as  in  experi- 
ment 310  or  311,  then  the  urine  is  acidified  and  heated  while  air  carries 
over  the  acetone  which  is  set  free  from  the  diacetic  acid  in  these  circum- 
stances. The  two  determinations  may  be  made  as  one,  the  total  acetone 
being  received  in  a  single  solution  of  hypoiodite,  or  the  preformed  acetone 
may  be  separately  determined  first. 

Method.  The  arrangement  of  the  apparatus  is  as  in  experiment  311, 
except  that  in  place  of  the  cylinder  for  holding  the  urine,  the  latter  is 
placed  in  a  large  Pyrex  test-tube  which  is  supported  in  such  a  way  that 
it  can  be  heated.  The  air  inlet  tube  dips  to  the  bottom  of  the  Pyrex  glass 
test-tube.  The  air  is  passed  through  a  hypoiodite  solution  first  to  remove 
any  substance  which  may  reduce  iodine.  Place  in  the  large  test-tube, 
which  carries  the  stopper  and  tubes  for  aerating  the  urine,  20  c.c.  of 
urine,  and  the  phosphoric  acid,  oxalic  acid,  salt  and  petroleum  as  de- 
scribed in  311  and  without  heating  the  tube  air  is  passed  through  for 
25  minutes.  The  air  with  the  acetone  passes  into  a  measured  amount 
of  fresh  hypoiodite  as  described.  Then  disconnect  the  hypoiodite,  place 
a  fresh  cylinder  of  a  known  amount  of  hypoiodite  solution  to  receive 
the  acetone  and  heat  the  tube  just  to  boiling  for  25  minutes  while  the 
air  is  going  through.  By  this  heattug  the  acetoacetic  acid  is  decom- 
posed, acetone  is  liberated  and  absorbed  by  the  second  hypoiodite  tube. 
The  first  hypoiodite  tube  being  titrated  in  the  manner  indicated  in  311 
gives  the  preformed  acetone;  the  second  hypoiodite  tube  gives  the 
acetone  from  the  diacetic  acid.  The  sum  of  the  two  gives  the  total 
acetone  in  20  c.c.  urine. 

Experiment  313.  Organic  acids  in  xurine  by  titration.  (Van 
Slyke  and  Palmer,  Jour.  Biol.  Chew..,  41,  1920,  p.  5&7.)— Method.  100 
c.c.  of  urine  are  thoroughly  mixed  with  2  gms.  finely  powdered  calcium 
hydroxide,  and  filtered  after  standing  with  occasional  stirring  for  15 
minutes.  Carbonates  and  phosphates  removed.  25  c.c.  of  the  filtrate 
accurately  measured  are  taken  in  a  125  or  150  c.c.  test-tube,  0.5  c.c.  of 
1  per  cent.  phenolphthaJein  added,  and  .2  N  HCl  run  in  from  a  burette 
until  the  pink  color  is  just  gone.  (Amount  of  acid  need  not  be  meas- 
ured.)    This  makes  P^  about  8.    5  c.c.  of  0.02  per  cent,  tropseolin  00 


PRACTICAL  WORK  AND  METHODS  1121 

are  added  little  by  little  with  stirring  so  as  to  prevent  precipitation,  and 
now  the  solution  is  titrated  by  running  in  0.2  N  HCl  until  the  red  color 
equals  a  standard  solution  made  of  0.6  c.c.  of  0.2  N  HCl,  5  c.c.  tropaeolin 
00  solution  and  water  to  a  total  volume  of  60  c.c.  When  the  end  point 
is  approached  sufficient  water  is  added  to  the  tube  to  make  the  volume 
60  c.c.  equal  to  the  standard.  The  two  tubes  may  be  placed  for  com- 
parison in. titration  in  a  comparator. 

Calculation.  From  the  number  of  c.c.  of  0.2  N  HCl  needed  to  titrate 
from  the  end  point  of  phenolphthalein  to  that  of  tropaeolin,  the  amount, 
usually  0.7  c.c,  is  subtracted,  which  is  necessary  to  titrate  a  control  tube 
of  water  between  these  limits.  The  volume  of  0.2  N  HCl  remaining 
represents  approximately  the  amount  of  organic  acids  plus  the  creatine 
and  creatinine  and  a  negligible  amount  of  amino  acids.  The  figure  may 
be  expressed  in  c.c.  of  O.IN  organic  acid  per  liter  by  multiplying  the 
number  of  c.c.  of  0.2N  HCl  used  in  titrating  the  organic  acids  by  80 
(1,000/25  multiplied  by  2). 

The  result  obtained  indicates  very  closely  the  amount  of  acetone 
bodies  (acetoacetic  acid  and  hydroxybutyric  acid)  in  the  urine  and  is  an 
easy  substitute  for  clinical  purposes  for  the  more  elaborate  and  difficult 
methods  of  determining  acetone  and  these  acetone  bodies.  In  normal 
individuals  the  amount  obtained  is  about  412  to  748  c.c.  per  24  hours 
(O.IN  HCl)  or  an  average  of  8.2  (from  6.1  to  9.7)  c.c.  per  kg.  In  a 
case  of  diabetic  acidosis  the  figure  rose  from  26  c.c.  O.IN  HCl  per  kilo 
per  24  hours  to  180  c.c.  per  kilo  per  24  hours  in  the  coma,  some  3  weeks 
later. 

Experiment  314.  Quantitative  determination  of  acetone  and 
acetoacetic  acid  and  hydroxybut}nrc  acid  in  the  same  sample  of  urine. 
Method  of  Shaffer  and  Marriott  {Jour.  Biol.  Chem.,  XVI,  p.  276, 
1914). — Principle.  The  urine  is  distilled  with  acid  after  precipitation 
of  sugar  and  other  substances  by  basic  lead  acetate  and  ammonia.  This 
separates  the  acetone,  both  that  preformed  and  that  arising  from  the 
acetoacetic  acid.  The  acetone  is  titrated  with  standard  iodine  and  thio- 
sulphate.  The  urine  filtrate,  from  which  the  acetone  has  been  distilled, 
is  oxidized  by  the  cautious  addition  of  bichromate  to  the  boiling  urine 
containing  the  oxybutyrie  acid.  This  oxidizes  the  oxybutyric  acid  to 
acetone,  the  acetone  is  distilled  off  and  titrated  in  the  same  way  as  the 
performed  acetone.  The  yield  is  about  90-95  per  cent,  of  the  theo- 
retical. 

Process.  From  25-100  c.c.  of  urine  (usually  50  c.c.)  are  measured 
with  a  pipette  into  a  500  c.c.  volumetric  flask  containing  200-300  c.c. 
of  water.  Add  basic  lead  acetate  solution  (U.S.P.)  in  amounts  equal  to 
the  urine  taken  and  mix  the  liquid  well.  If  the  urine  contains  but  little 
sugar,  only  half  the  amount,  or  less,  of  the  lead  acetate  should  be  used. 
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Next  pour  into  the  flask  strong  ammonia  water  equal  to  about  half 
the  volume  of  lead-acetate  solution  taken,  dilute  to  the  mark  with  water, 
shake  and  after  a  few  moments'  standing  filter  through  a  folded  filter. 
Measure  200  c.c.  of  the  filtrate  into  a  round-bottom  flask  (800  c.c.  or 
liter  Kjeldahl),  dilute  with  water  to  about  600  c.c.,  add  15  c.c.  concen- 
trated sulphuric  acid  and  talc  or  boiling  stone  and  distill  the  mixture 
until  about  200  c.c.  of  the  distillate  has  been  collected.  (Distillate  A. 
This  contains  the  preformed  acetone  and  that  derived  from  the  aceto- 
acetic  acid.)  The  distilling  flask  must  be  fitted  with  a  dropping  tube 
and  water  run  in  from  time  to  time  to  prevent  the  volume  in  the  flask 
from  becoming  less  than  400-500  c.c.  The  tube  at  the  end  of  the  con- 
denser should  dip  below  the  surface  water  in  the  receiving  flask,  a  second 
Kjeldahl,  to  prevent  loss  of  acetone. 

Distillate  A  is  redistilled  for  about  20  minutes  after  addition  of 
10  c.c.  of  10  per  cent,  sodium  hydroxide.  If  a  high  degree  of  accuracy 
is  not  required,  distillate  A  may  be  titrated  directly  with  standard 
iodine  solution,  N/10,  and  thiosulphate.  The  results  are  a  little  higher 
than  after  redistillation  from  an  alkaline  solution.  The  distillate  from 
A,  which  may  be  called  Aj,  is  titrated  with  iodine  and  standard 
thiosulphate. 

After  A  has  been  distilled  off,  a  new  receiving  flask  is  adjusted,  the 
end  of  the  tube  dipping  below  the  water  in  the  receiving  flask  and 
bichromate  solution  as  indicated  below  is  slowly  added  to  the  distilling 
flask  while  the  distillation  is  continued  to  give  B. 

The  residue  of  the  urine  plus  sulphuric  acid  from  which  distillate 
A  was  obtained  is  again  distilled,  adding  water  or  bichromate  solution 
when  necessary  to  keep  the  volume  between  400  and  600  c.c.  From 
0.5-1  gram  of  bichromate  will  usually  be  sufficient  and  not  more  than 
1  gram  should  be  added,  unless  the  liquid  turns  green,  indicating  a  great 
reduction  to  chromium  sulphate :  very  rarely  2  or  3  grams  of  bichromate 
may  be  necessary,  especially  if  the  sugar  has  not  been  completely 
removed.    To  make  the  distillation  proceed  as  follows : 

A  10  per  cent,  solution  of  potassium  bichromate  is  kept  on  hand  and 
10  c.c.  of  this,  diluted  to  100  c.c,  are  measured  out  for  each  determina- 
tion. 20  c.c.  of  the  dilute  solution  (0.2  gram  KjCrjOT)  are  first  added 
slowly  through  the  dropping  tube  and  then  10  c.c.  portions  every  15  or 
20  minutes  until  the  whole  has  been  added.  Should  the  liquid  become 
markedly  green  the  bichromate  must  be  added  at  correspondingly 
shorter  intervals  and  in  amount  sufficient  to  maintain  a  slight  red- 
yellow  color  of  the  chromic  acid,  which  may  be  detected  even  in  the 
presence  of  the  green.  The  distillation  is  continued  with  moderate  boil- 
ing for  from  2-3  hours.  The  distillate  B,  which  should  be  collected  in 
a  I  liter  flask  to  avoid  transference,  is  again  distilled  for  about  20  minutes 
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after  adding  10  c.e.  of  10  per  cent,  sodium  hydroxide  and  25  c.e.  of 
3  per  cent.  H^Oj.  The  flask  must  be  heated  cautiously  until  the  peroxide 
has  been  decomposed.  This  distillate,  B2,  is  titrated  with  the  standard 
iodine  and  thiosulphate. 

Computation.  1  c.e.  of  N/10  iodine=0.968  mg.  aceton6=1.736  mg. 
oxybutyric  acid,  or 

1  c.e.  of  1.035/10  iodine  (=13.13  mg.  12)=!  mg.  acetone=1.793 
mg.  oxybutyric  acid. 

Note. — This  method  gives  results  usually  a  little  lower  than  the 
extraction  and  polarization  method  of  Black,  but  is  more  accurate  for 
small  amounts  of  oxybutyric  acid  and  somewhat  more  convenient. 

In  making  this  titration  an  excess  of  N/10  iodine  solution  is  added 
and  then  the  solution  made  alkaline  by  the  addition  of  10  c.e.  60  per 
cent.  NaOH,  the  flask  stoppered,  shaken  and  allowed  to  stand  5-10 
minutes,  then  acidified  by  the  addition  of  15  c.e.  concentrated  HCl  and 
the  liberated  iodine  titrated  with  standard  thiosulphate  in  the  usual  way. 

For  the  determination  of  acetone  in  blood,  or  when  small  quantities 
are  present,  see  Marriott,  Jour.  Biol.  GTiem,.,  16,  p.  284  and  p.  289,  1913. 
For  determination  of  oxybutyric  acid  in  blood  and  tissues,  see  Marriott, 
ibid.,  page  293. 

Experiment  315.  Quantitative  determination  of  saccharose  in 
urine  (Jolles,  Biochem.  Ztschr.  43,  p.  56,  1912). 

Determine  polarimetrically  after  treating  the  urine  with  0.1  per  cent. 
NaOH  24  hours  in  the  thermostat  at  37°.  All  other  mono-  and  di-sae- 
charides  become  inactive  under  these  circumstances.  Saccharose  is  not 
affected. 

ACIDITY. 

Experiment  316.  Total  acidity  of  urine  by  Folin's  method. — By 
means  of  a  25  c.e.  pipette  measure  off  25  c.e.  urine  into  a  250  c.e.  conical 
flask,  add  25  c.e.  distilled  water,  5  drops  phenolphthalein  solution  and 
15  grams  finely  powdered  potassium  oxalate.  Rotate  the  contents  of  the 
flask  for  2  minutes  and  titrate  at  once  with  n/10  NaOH  required  to 
neutralize  the  entire  24-hour  sample  of  urine. 

The  end  point  is  not  sharp  and  it  will  vary  with  different- observers. 
It  is  a  good  plan  to  have  a  standard  color  and  go  to  this  point  for  the 
different  urines  examined.  The  oxalate  is  added  to  precipitate  the  lime 
salts  which,  otherwise  precipitate  the  phosphates  when  the  hydrate  is 
added. 

Experiment  317.  Quantitative  determination  of  the  hydrogen  ion 
concentration  of  urine.  Sorensen  indicator  method.  (Henderson  and 
Palmer,  Jour.  Biol.  Chem.,  13,  398,  1913). — Principle.    Matching  the 
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color  of  the  urine,  diluted  if  necessary  and  containing  a  known  amount 
of  some  indicator,  with  the  color  developed  by  a  similar  concentration  of 
the  indicator  in  a  series  of  solutions  containing  known  concentrations  of 
hydrogen  ions. 

Solutions  needed: 

1.  M/10  KH2PO4  (13.6  gram  per  liter). 

2.  M/10  Na2HPO,.12H20  (35.8  grams  per  liter). 

3.  N/5  acetic  acid.    (By  titration.) 

4.  N/5  Na  acetate  (27.3  grams  per  liter). 

5.  2  per  cent,  aqueous  solution  sodium  alizarin  sulphonate. 

6.  2  per  cent,  aqueous  solution  neutral  red. 

7.  1  per  cent,  alcoholic  solution  phenolphthalein. 

8.  Toluene. 

H  ION  Solutions.     Fob  Comparison. 

Solution  H.O   to 

No.  M/)0   KHj  PC.      M/10  Naj  IIPOi        make  V„  Indicator 

1  0.5  c.c.  +  240  CO.  500  c.c.  8.7  )      Phenolphthalein 

2  0.5    "  +  60     "  "  "  8.0  f   ■ 

3  5.0    "  +  25     "  "  "  7.4 

4  5.0    «  -I-  11.5"  "  "  7.0  ) 


Neutral  red 


N/5  CHj  COONa       N/D    CH»    COOH 
5    2.25  c.c.       +         230  c.c.  "      "  6.7 


6  5.75  "  + 

7  11.50  "  + 

8  23.00  "  + 

9  57.50  "  + 

10  115.00  "  +         200 

11  230.00  "  +         230 


6.3 
fi.O 
5.7 
5.3 
5.0 
4.7  J 


Sodium 
Alizaim 
Sulphonate 

Methyl  red 


Process.  In  a  series  of  exactly  similar  250  c.c.  flasks  place  10  c.c. 
of  each  of  the  standard  solutions  indicated  above,  make  up  the  solutions 
to  250  c.c.  with  distilled  water  and  add  enough  of  an  aqueous  solution  of 
alizarine  sulphonate  of  sodium  so  that  the  concentration  of  the  latter  is 
about  0.0003  per  cent,  and  is  exactly  equal  in  all  cases.  10  c.c.  of 
urine  are  now  introduced  into  another  250  c.c.  flask  and  the  same 
amount  of  distilled  water  and  indicator  added.  The  color  of  the  diluted 
urine  with  its  indicator  is  now  matched  with  one  of  the  standard 
series.  If  the  reaction  as  thus  measured  is  more  acid  than  P,j=5.3 
(H  ion=NX50X10~^)  further  tests  are  made  with  methyl  red;  for  the 
range  5.3—6.7  with  p-nitrophenol  and  with  neutral  red ;  for  more  alkaline 
urines  phenolphthalein  is  used. 

(a)  H  iron  concentrations  greater  than  50X10"''.  "  10  c.c.  portions 
of  standard  solutions  are  introduced  into  carefully  selected  colorless 
test-tubes  (15.5X1.7  cm.)  and  10  c.c.  urine  into  another  tube.  To 
match  the  color  of  the  urine  add  to  the  standard  solutions  enough  of 
p-nitrophenol,  methyl  orange  or  bismarck  brown.  In  case  the  pigment 
is  itself  an  indicator  within  this  range  of  acidity  the  necessary  amount 
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will  vary  with  the  reaction  of  the  standard  solution.  Now  add  to  the 
standard  solutions  and  to  the  urine  0.15  c.c.  of  a  saturated  solution 
in  50  per  cent,  alcohol  of  methyl  red  and  match  the  color  with  the 
standards. 

(b)  H  ion  between  50X10'"''  and  2X10~''.  Carry  out  the  estima- 
tion in  flasks  as  with  the  alizarine  sulphonate,  but  use  in  place  of  the 
latter  p-nitrophenol  0.08  per  cent. 

(c)  H  ion  between  2X10"''  and  0.3X10""''.  The  estimation  is  made 
as  with  alizarine  sulphonate,  but  employ  neutral  red,  0.0006  per  cent. 

(d)  H  ion  less  than  0.3X10~'.  Match  undiluted  urine  in  test- 
tubes  against  undiluted  standard  solutions,  using  phenolphthalein  as 
indicator,  without  previous  coloration  of  the  standard  solutions. 

Make  all  estimations  in  duplicate. 

Note. — Albuminous  urine  presents  certain  difftculties  with  alizarin 
Sulphonate.  Methyl  red  and  p-nitrophenol  are  little  affected  by  the 
presence  of  albumin.  Alizarine  sulphonate  changes  too  gradually  be- 
tween 0.3  and  2X10""''.  Neutral  red  is  used  for  this  interval.  Methyl 
red  is  superior  to  p-nitrophenol  for  the  greater  acidities. 

ADRENALINE. 

Experiment  318.  Quantitative  determination  of  adrenaline  (Folin, 
Cannon  and  Denis,  Jour.  Biol.  Chem.,  13,  1913,  p.  479). — Principle. 
The  method  depends  on  the  development  of  a  blue  color  with  phospho- 
tungstic  acid  in  alkaline  solution.  The  adrenaline  is  estimaterl 
colorimetrically  by  comparison  with  the  color  of  a  standard  uric-aeid 
solution  similarly  treated  with  phosphotungstic  acid.  The  reaction  is 
not  specific.    Other  substances  give  the  blue  color  also. 

Process.  Determination  of  the  amount  in  the  supra-renals.  Thor- 
oughly rub  the  weighed  gland  in  a  mortar  with  sand  and  N/10  HCl, 
using  about  15  c.c.  of  the  acid  for  each  2  grams  of  gland,  and  about 
45  c.c.  of  water.  Transfer  to  a  beaker  and  heat  to  boiling,  to  dissolve 
the  adrenaline.  Add  to  the  boiling  mixture  5  c.c.  of  10  per  cent,  sodium- 
acetate  solution  for  each  15  c.c.  of  HCl  taken  and  again  heat  to  boiling. 
Transfer  the  whole  mixture,  except  the  sand,  to  a  volumetric  flask  of  a 
capacity  of  100  c.c.  for  each  2  grams  of  gland  taken  and  dilute  to  the 
mark  with  water.  Filter  or  centrifuge  as  much  of  the  solution  as  is 
needed. 

Colorimetric  determination.  Pipette  5  c.c.  of  the  clear  extract  just 
made  into  a  100  c.c.  volumetric  flask,  and  into  another  similar  flask 
pipette  1  c.c.  of  a  fresh  uric-acid  solution  containing  1  mg.  of  uric  acid. 
Add  to  each  flask  2  c.c.  of  the  uric-acid  phosphotungstic  reagent  (ex- 
periment 219)  and  20  c.c.  of  saturated  NajCOj  solution.  After  standing 
2  or  3  minutes  dilute  each  to  the  100  c.c.  mark  with  water,  shake  and 
at  once  transfer  to  the  Duboscq  colorimeter  and  compare  after  setting 
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the  standard  at  20  mm.  Calculate  the  adrenaline  as  if  it  were  uric 
acid  and  then  divide  the  result  by  3,  since  the  adrenaline  makes  a  color 
6  times  as  intense  as  an  equal  weight  of  uric  acid. 

If  the  reading  of  the  unknown  tube  in  the  colorimeter  were  25 
then  the  mgs.  of  adrenaline  in  the  weight  of  gland  taken  would  be 
20/25X1/3  mgs.X20  fsinee  5  c.p-  of  t.h»  extract  had  been  diluted  to 
100). 
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Abderhalden,      diagnosis      of 

pregnancy,  550 
Abomasum,    339 
Absorption     of     foods,     451- 
457 
In  cephalopoda,  453 
In  intestine,  451 
in  stomacli,   451 
in  various  parts  of   tract, 

455 
not   due    to    osmotic   pres- 
sure,  452 
of  carbohydrates,  453 
of  fats,  452 
of  proteins,  453 
of  undigested  protein  and 

anaphylaxis,   454 
of  water,  456 
polyflstula  dog,  455 
rSle  of  leucocytes   in,  455 
summary     and     literature, 
456 
Absorption  of  water  by  cells, 
212-215 
action    of   acid    on,   213 
Absorption  of  water  by  gels, 

234 
Acetic  acid,  melting  and  boil- 
ing points,  64 
conductivity   and  inverting 

power,    195 
in  chitin,    mucin  and  mu- 
coid, 325 
Acetoacetic    acid,    from    pro- 
tein,  813 
from  phenylalanine,  815 
from  fatty  acids,  75 
Gerhardt's  reaction,  1074 
Harding  and  Ruttan  meth- 
od,   1074 
in    urine,    759,    1074 
salicylic  aldehyde  reaction, 
1074 
Acetone   in   diabetes,    781 
in  urine,  detection,  1073 
in   urine,    759 
iodoform   test    for,    1074 
gnantitatlTe         determina- 
tion, 1116 
Acetyl      glucosamine ;        see 
Chitin 
in   mucin,   325 
Acetylation,    process   of,    824 
Acetyl   number,    74 
Achroodextrln,   58,  327 
Acid  albumin,  113,  360 
Acid  fuchsin  as  indicator  of 

acidity,  246 
Acid,  rigor  of  muscle,  628 
Acidity,  of  blood,  539 
of  fasting  stomacb,  367 
of    gastric    contents,    346 

364.  973 
of  gastric  contents  to  vari- 
ous indicators,  368 
of  muscle,  246 
of  stomach  in  various  con- 

dlttons,    370 
of  urine,  688,  689 
of       urine       quantitative 
(Folin),  1122 


Acidity,  rOle  in  protoplasmic 

motions,    628-630 
Acidosis,   and  ammonia,   746 

in  diabetes,   760 
Acids,    action    on    water   ab- 
sorption, 213 
effect   on    cell   metabolism, 

247 
ionization  of,  195 
fatty,   formulas   and   melt- 
ing   points,    64 
neutralization  of  in  cells, 
245-250 
Acree-Rosenheim  tryptophane 

reaction,   918 
Acrolein,  66,  907 
Acromegaly,  645 
Acrose,    49 
Adamliiewicz      reaction      for 

proteins,  148,  881 
Adelomorphic  cells,  353 
Adenase,    166,    731 
distribution  of,  in  tissues, 
732 
Adenine,    amount    in   nucleic 
acid,   169 
chemistry    and    properties, 

165 
decomposition     by      acids, 

166 
decomposition  by  adenase, 

166 
derivation  of  word,  165 
transformation  to  hypozan- 
thine,  731 
Adenosine,  172 
Adenosine    desamidase,    732 
Adrenaline,    action    on    vari- 
ous   tissues,    674 
amount  in  glands,  671 
formula,  671 
functions    of,    672 
hyperglycsemia    by,    672 
liver    necrosis    by,    672 
properties      and     prepara- 
tion,  671 
quantitative        estimation, 

671,  1124 
quantitative       estimation, 
(Folin,      Cannon      and 
Denis),    1124 
relation   to   sugar   metabo- 
lism, 778 
relation     to     sympathetic, 

673 
secretion      during     anger, 
675 
Adsorption,    220,    241-242 
Aerobic  respiration,  257 
Aerotonometer,  479 
^sthesin,  579 
A-fibrinogen    of    Wooldridge, 

467 
Age,     influence    on    creatine 

ezectition,  711 
Agamatine,    441 
Alanyl-leucine,   formula,    131 
Albumins,    definition,     112 
in    urine,    detection,    1067, 
1069 
Albumins,    in    urine,    quanti- 
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tatilve         determination, 
1060 
Alanine,  formula,   116 
amount    in    various    pro- 
teins,   128,    129 
Alanine    hydrochloride,    120 
Albuminoids,  112,  635 
Alanyl-aianine,    126 

hydrochloride,    133 
Albumose,  Alberhalden  meth- 
od   of    preparation,    551 
of  whey,  376 
Albumoses,  formation  in  pep- 
tic   digestion,    349,    351 
formation  in  tryptic  diges- 
tion, 400 
occurrence  in  urine,  1069 
physiological    action,     453 
preparation,  928 
properties,   928 
relation   to  blood  coagula- 
tion,  517 
Albumosease  of  stomach,  381 
Alcapton ;  see  Homogentistic 

acid 
Alcaptonuria,    752 
Alcohol,    burned    by    muscle, 
794 
not  a  food,  301 
Alcohols    from    waxes,    80 
Alcoholic    fermentation,    886 
Alcobolysis,    99 
Aldose,  definition,  19 

separation  from  ketose,  44 
transformation    to    ketose, 
31 
Alexis   St.   Martin,   339 
Alizarim    as    indicator,    371 
Alkali    albumin,    113 
Alkali  reserve  of  blood,  1042 
Alkalinity    of   blood,    539 
Alkalinity      of      protoplasm, 

247 
Alkaline    fide    in    the    body, 

376 
Allantolne,  chemistry,  740 
determination,        quantita- 
tive, 1100 
from    uric   acid,    734,    735, 

740 
in    plants,    741 
in  urines,  721,  740 
in        various        mammals' 

urine,   736 
synthesis     from     glyoxylic 
acid,    740 
Allanturie  acid,  formula,  740 
Alloxan,    formula,    from   uric 

acid.  724 
Alloxantin,    formula,    725 
Alloxuric  bases ;   see   Purine 

bases 
Alloxyptoteic    add   In  urine; - 

746 
Allyl  mustard  oil,  53 
Allyl    sulphide     in     mustard 
olli  820  t 

Almen's      test     for     glucose, 

876'  .».j. 

Almond   oil.    Iodine   nnmbec 
79 
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AmandiD,    composition,    110, 
129 
mol.    weight,     139 
Amide     nitrogen,     definition, 
123 
amount     In     various     pro- 
teins, 144 
Amido ;  nee  Amino 
Amines     produced     by     car- 
boxylase, 249 
Amino  acetic  acid,  116 
Amino-acids,    absorption    of, 
453 
amount  of,  in  various  pro- 
tamines,  128 
amount  excreted  per   day, 

746 
amount     in     various     pro- 
teins,   129 
isolation     of     by     Daliin's 

method,  944 
carbamino  reaction  of,  121 
condensation      wltli      alde- 
hydes, 121 
definition,   116 
dissociation,  119 
formulas  of,  graphic,   116- 

118 
deamidization      by     oxida- 
tion,   122 
formation    from    ammonia 

and  glucose,   186 
formation      from      Isetonic 

acids,  823 
formation  of  lactams  from, 

124 
in  metabolism,  specific  ac- 
tion, 822 
in  urine,  746 

necessary   for  growth,  822 
nitrogen   in    urine,   quanti- 
tative,   1104 
number      of,      in      protein 

molecule.  142 
oxidation   of,   123 
pre-existence      In      protein 

molecule,    115 
precipitation    by    mercuric 

aceatate,     120 
properties,   118-126 
optical    properties,    126 
racemization      by      ailiaii, 

125,  126 
resynthesis     In     intestinal 

mucosa,  454 
soiublllty,  118 
taste  of,   124 

union    with    acids,    bases 
and  salts,   119 
Amlno-henzoic    acid,    764 
Amino-caproic  acid,    117 
Amino-etbyi      alcohol,      100, 

074 
Amino-glutaric    acid,    117 
Amino  groups,   free,   in  pro- 
tein   molecule,    137 
Amino  groups  determination 
by    Van    Slylte    method, 
137,  935 
Amlno-guanidine      valerianic 

acid,    118 
Amino-indole  propionic  acid, 

118 
Amino-liplns,    62 
Amlno-llpotldes ;   see  Amlno- 

llplns 
Amlno-maionlc     add,    184 
Amino-malonic  nltrlle,  184 
Amino-myelin     and     Petten- 

Itofor's  reaction,  677 
Amino-myelin      from      brain, 

570,    577 
Amino-myelin  cadmium  chlo- 
ride, 577 


Amlno-nitrogcn    in    proteins, 

137,  144 
Amino-nltrogen,      determina- 
tion     by      Van      Siylse 
method.    935 
Amino-succinic  acid,  117 
Amino-propionic   acid,    116 
Amino-valerianic  acid,  116 
Ammonia,    amount    excreted 
per  day,  691 ..  . 
amount  in  various  tissues, 

702 
amount  In   various  bloods, 

702 
by      autolysis      of      ceils, 

248 
excretion     In     urine,    689, 

746 
in  blood,  376 

In    Intestinal    mucosa,  454 
in    mesenteric    vein    blood, 

454 
in   mucosa,  375 
In  portal  and  hepatic  vein 

blood,    701 
in  urine  after  Eclc  fistula, 

698 
in    urine    after    liver    cor- 
rosion, 699,  700 
in   urine  in   liver    disease, 

699 
quantitative         determina- 
tion,   1093 
origin  of,  in  liver.  701 
variation  with  acidity,  689 
Ammonium    chloride   in    HCi 

secretion,   374 
Ammonium    cyanate,    692 
Ammonium  sulphate,  separa- 
tion of  aibumoses,   361 
928 
standard     solution,     1084, 
1010 
Amceba,       surface       tension, 

movements  of,  211 
Amygdalln,    .')4 
Amylase,  action  not  acceler- 
ated  by    bile,    412 
determination    of   activity, 

331,    979 
in  blood,  550 
of  hemp  seed,  composition, 

330 
of   malt,   composition,   330 
of  pancrease ;  see  Amylop- 

sln 
of  pancreas,  discovery,  329 
of  saliva ;    see   Pt.vaiin 
quantitative   determination 
(Robert's    method),    979 
protection       by       carbohy- 
drates. 979 
Amyloid    from    cellulose,    59 
Amylolytic    enzymes,    distri- 
bution in   tissues,  329 
Amylopsin,    398 

differs  from  ptyalin,  399 
favorable       reaction      for, 

979 
properties     and     prepara- 
tion,  399 
Anseroblc      respiration,      41, 

257 
Anaphylaxis,      by      artificial 
peptide,    135 
none    by    racemized    pro- 
tein, 24 
Anesthesia,    Increased    excre- 
tion of  neutral   sulphur 
In,  754 
Anesthetics,   effect  on   respi- 
ration   of    brain,    593 
union     with     hemoglobin, 
496 


Animal      proteins,      composi- 
tion,   table,    110 

Animal  heat,  269-297 
a  combustion,    270 
history  of  discovery  of  na- 
ture, 269 

Anion,     derivation   of    word, 
193 

Anthracene   glucosldes,    53 

Antiaris     toxicaria,     protein 
in,  143 

Antitbrombin,  534 

Antiglyoxaiase,  785 

Antimony    sulphide    solution, 
218,  224 

Antlpyrine,  excretion  of,  762 

Antoxyproteic  acid  in   urine, 
746 

Appetite  secretion  of  gastric 
juice,  34 

Aporrbegmas,   442 
methylated,    442 

Apricot     kernel     oil,    iodine 
number,   70 

Araban      gum      In      dlatase, 
330 

Arabinose.  19,  59 
formula,    29 

Arabinulose,    19 

Aracbldic   acid,    formula.    64 
in  butter,  64 

Arbaein,  179 

Arbutin.   53 

Arglnase.  708 

Arglnine,     amount     in     pro- 
tamines, 178 
amount    in    various    blood 

proteins,  553 
amount     in     various     pro- 
teins.  128,   129 
formula,    118 
decomposition  by  bacteria, 

441 
decomposition  to  ornithine 
and  area.  703 

Aromatic  acids,  fate  in  body, 
814 

Aromatic  oxy  acids  of  urine, 
747 

Arsenic  in  glucose,   303 

Artificial  muscle,  629 

Asbestos    filter,    preparation 
of,   893 

Ascoli    and    Izar's    worij    on 
uric  acid,   738 

Asparaglne,   146 

reaction     with     nlnhydrln, 
150 

Aspartic     acid,     amount     in 
various   proteins,    129 
formula.  117 

Asses'  milk.  314 

Association  of  water,   191 

Assurin,  670,  578 

Asters    in    cells,    dependence 
on  oxygen,  181 

Asymmetrical  carbon,  action 
on  light,    22-25 

Asymmetrical     carbon    com- 
pounds, 22 

Autocatalysls   of   linseed  oil, 
67 

Autolysis  of  cells,  action  of 
acid  on,   248 

Autolytic  enzymes,   107 

Auto-oxldatlon    of    cephalln. 
576 
of  bilirubin.   416 
of  linseed  oil,  68 
of  phosphollnlns,   97.   98 

Azelalc  acid,  67 

Bacteria,   in    feces,   43S,   445 
putrefaction   by,   438 
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Bacterial    decomposition     of 

foods,   437 
Bang's    method    for    glucose 
(bydroxylamlne),    1111 
microchemlcal,   1113,   1115 
Barfoed's  solution,  875 
composition,   875 
theory  of  action,  40 
Basedow's  disease,  C59 
Basic    nitrogen,    in    various 

proteins,    144 
Basic  proteins,  in  chromatin, 

162 
Basic    substances    In    urine, 

746 
Beaumont     and     Alexis     St. 

Martin,    339 
Beech    nut   oil,    iodine   num- 
ber,  70 
Beef   tallow,   iodine   number, 

71 
Bees'   wax,    composition,    80, 
81 
iodine  number,  71 
Behenic  acid,   64 
Bence-Jones  protein  in  urine, 

757,    1069 
Benedict  and  Denis'  method 
for     total      sulphur     ip 
urine,  1106 
Benedict  and  Murlln's  amino- 

acld  method,   1104 
Benedict's     copper     solution 
for   carbohydrates,   873 
method     for     glucose     in 

urine,    1109 
method  for  urea,  1085 
quantitative  determination 
of  glucose,   1109 
Benzene,  fate  in  metabolism, 

742,    815 
Benzoic    add,    ingestion,    ef- 
fect on  hippuric  acid  ex- 
cretion, 743 
ingestion,    effect    on    urea 

excretion,  704 
source  of,  in  body,  744 
Beri-beri,   839 

Bernard's    work    oit    source 

of      HCl      of     stomach, 

373 

work  on  sugar  metabolism, 

768 

Beta-albumosease   In    gastric 

juice,  381 
Beta-alanlne  from  carnosine, 

610 
Bcta-hydroxybutyric         acid 
(also     called     beta-oxy- 
biityric  acid),  75 
Betaine,  an  aporrhegma,  442 

formula,  92 
lieta-keto  palmitic  acid,   76 
Beta-oxy-a-amino  butyric 

add  In  cephalin,  573 
Beta    oxybutyric    acid ;    see 

Oxyhutyrie  acid 
Beta  -  parahydroxyijhepyl  -  a 
amino     propionic     acid, 
117 
Beta  phenyl-a-amlno  pro- 

pionic acid,  117 
Bile.  406-437 

aciils :  nee  T!!le  salts 
action     on    fat    digestion, 

397 
amount    increased   by   bile 

ingestion,    410 
amount    secreted   per   day, 

410 
bladder  bile,  408,  433 
cholesterol      in,      amount, 

432,  086 
cholesterol,   origin   of,   432 


Bile,  circulation  of,  412 

composition,  407 

dissolves  cholesterol,  414, 
432 

dissolves  fatty  acids,  413 

fatty  acids  in,  amount  of, 
432 

Ustula  bile,  408 

freezing  point,  407 

function  in  absorption, 
411,  412 

functions  of,  411 

general    properties,    407 

Gmelin's    test    for,    984 

Ilammarsten   reaction,   984 

Huppert-Cole  test  for,  984 

hydrogen  ion  concentra- 
tion, 407 

icterus,    407 

in  intestinal  putrefaction, 
413 

laxative   action,   414 

lecithin  in,  412 

method   of   obtaining,    407 

of  new  born,   427 

phosphollpins  in,  435 

practical  work  on,  983 

reaction  of,   407 

regurgitation  Into  stomach, 
382 

phosphoprotein    in,    437 

secretion  of,  408 

secretion  of,  increased  by 
blood   poisons,   419 

sulphur  in,  in  various  ani- 
mals, 427 

summary  of  functions,  414 

taste,  407 
BUe  pigments,   411-423 

amount  depends  on  blood 
decomposition,  414 

bilipurpnrln,  417 

blIiruT>ln,   composition,  414 

biliverdln,    416 

cholohematin,    418 

hemlblllruhin,  417 

hydrobilirubln,  417 

literature  references.   448 
.  origin   in    blood,   416 

origin  in  hemoglobin,  419 

oxidation  products,  415 

relation  to  chlorophyll,  423 

stercobilin,    417 

urobilin.   417 

relation  to  hemoglobin,  423 
Bile  salts,  422-432 

amount  of  various  acids  in 
bile,  428 

choleic  acid,  properties, 
431 

chollc  acid,  properties,  428 

functions.  423 

glycocholic  acid,  decompo- 
sition,   425 

glycochok'ic  acid,  proper- 
ties, 4. SO 

glycocholic  add,  prepara- 
tion, formula,  proper- 
ties, 425,  985 

glycocholic  add,  separa- 
tion from  t.iHrbcholic, 
425 

Hay's   test   for,   984 

laklng  of  blood  by,  497 

place  of  formation.  424 

Pettenkofer's  reaction, 

424,  985 

Platncr's  bile,  424,  9^5 

preparations  and  proper- 
ties. 424.  985 

precinttatlon  by  ammonium 
sulphate,  425 

relation  to  fat  digestion 
and    absorption,    412 


Bile  salts,  taurocholdc  acid, 

properties  431 

taurocbolic  add.   Increased 

by    Ingestion    of    chollc, 

428 

taurocholic    acid,     proyei- 

tles,  426 
time     of     appearance     in 

ontogeny,  424 
variation  in  different  ani- 
mals,  423 
Biliary   flstula,  408 
Bilipurpurln,   418 
Bilirubin,  formula  and  prop- 
erties,  416 
Huppert-Cole  reaction,  984 
Blllverdin,    formula,    proper- 
ties     and     preparation, 
416-417 
In  sea-anemone,  417 
Biogene,    261,   631,    852 
Bloses,  19 
Blot,  rotatory  action  of  dex- 

trins  on  light,  327 
Birds   and   reptiles,   nitrogen 

excretion,  700 
"ii'otatlon  ;  see  Mutarotation 
Bismuth   subnltrate   test   for 

glucose,   876 
Biuret  base,  133 
Biuret,    formula   and   forma- 
tion from  urea,  144,  692 
reaction   of  proteins,    144, 
915 
Black's  reaction  for  oxybuty- 
ric acid,  1074 
Blaze  current,  245 
Blood,  458-562 

alkali  reserve,  1042 
alkalinlt.y  of,  539 
amino-acids  In,  472 
amount  in  body,  466 
amount  of  plasma,  468 
amylase  in,  550 
analysis,  quantitative,  sys- 
tem, 1007 
arterial  and  venous,  differ- 
ence,  473 
as  a  food  carrier,  469 
as  living  protoplasm,  459 
carbon     dioxide    In,     476, 

1042 
changes  by  fasting,  836 
cholesterase,  551 
cholesterol  in,  468 
circulation  of,  458 
composition     of,     general, 

461-463.   468 
conductivity,  549 
creatine  and  creatinine  In, 

709 
detection  of,  988 
dextrose     in,     470,     1021, 

1028 
dissociation     of    oxyhemo- 
globin, 486 
enzymes  In,  549 
fat   in,   470 
freezing  point,  547-549 
freezing  point  changed  bj 
secretion       of       gastrli' 
.I'nice,    346 
functions  of.   459 
gases  In,   473 
glycolysis,   550 
hemoglobin,    decomposition 

products,  508 
hydrogen  Ion  content.  540. 

545 
hydrogen    Ions,    effect    of 

CO.   on,    545 
invertin  in.  550 
laklng  of.  497 
lipase,    550 
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Blood,    metabolic    co-ordlQa- 
tlou  by,  512 

microscopical  test  for, 
1003 

morphology  of,  463-468 

occult.  In  feces,  988 

benzldene  reaction,  988 

osmotic   pressure,   547 

oxygen  carrier,  473,  496 

physico-chemical  factors  of 
circulation,  512 

practical  work  on,  990- 
1059 

protease,   550 

reaction    of,    539 

respiration  of,  490 

respiratory    exchange,    482 

respiratory  function,  lit- 
erature, 663 

summary  of  oxygen  carry- 
ing, 496 

urea  content  before  and 
after  kidney  extirpation, 
694 

urea  In,  472 

urea  in,  before  and  after 
perfusion,  696 

viscosity,  512-514 

TlTldltCuslon,  469-470 

waste  substances  In,  509 

waste     substances    in,     in 
various  diseases,  509 
Blood  clotting,   514-538 

a  crystallization,  523 

antithrombin,  535 

author's  suggestion  of  na- 
ture of,  538 

calcium  salts  in,  534 

cephalln  action  on,  518 
534 

contact  with  foreign  sub- 
stances,  618 

fibrin,   522 

fibrinogen,   522 

Fuld  and  Splro  and  Mora- 
witz  view,  534 

hemophylla,    519 

hemorrhage,  effect  on,  518 

hirudin,   520 

Howell's  view,  534 

influence  of  contact  with 
tissue,  515,  519 

Intravascular  and  blood 
plates,  467,  631 

literature,    568 

Nolt's  view,  634 

not  due  to  thrombin,  533 

optical  phenomena,  623 

physiological  variation  in 
tendency   to   clot,   619 

practical  experiments, 

1004,   1006 

prevention  by  albumose, 
517 

prevention  by  leech  ex- 
tract, 518 

prevention  by  oxalates, 
fluorides  and  citrates, 
620 

prevention  by  salt  solu- 
tions, 520 

prothrombin,   632 

relation  to  laklng,  625 

r81e  of  structural  elements 
In,    626 

summary  of,  536 

syneresls   of  clot,   614 

thrombin,  532 

thrombosis    of    veins,    617 

tissue  extracts,  action  of, 
518-620.  1005 

Wooldrldge's  view,  535 
Blood  corpuscles,  determina- 
tion of  number,  990 


Blood  corpuscles,  destruction 

of  liver,  419 
laklng    and     permeability, 

49'?;   996 
red,   action   on   alkalinity, 

545 
red,     amount    of    surface, 

466 
red,    as    source    of    blood 

proteins,  557 
red,  composition,  461,  499 
red,  length  of  life,  496 
red,  llplns  in,  499 
red,    motility,    465 
red,  number  of,  474 
red,  volume  in  arterial  and 

venous,  476 
white,   composition,    463 
white,    motility,   464 
Blood  plasma,   a  dilute  pro- 

toplasma,  554,  636 
amino  acids  In,   472 
composition,   461,   462 
enzymes  In,  551 
fluoride,  520 

origin  and  function  of  pro- 
teins of,   563 
oxalate,  520 
peptone,   518 
proteins    In,    551 
salt,   520 

specific  gravity,  461 
Blood  platelets,  466,  629 
composition  of,  631 
liquid  crystals,  530 
literature,  558,,  662 
preparation  of,  468 
relation  to  blood  proteins, 

557 
relation  to  clotting,  531 
Blood     serum,     composition, 

468 
formation,  514 
Boas    reagent    as    indicator, 

370,   976 
Body,  resembles    a    magnet, 

266 
considered    as    a    machine, 

266-268 
Boiling    point    and    osmotic 

pressure,  204 
Bomblcesterol,  87 
Bone,    composition    of,    636- 

638 
Inorganic  constituents,  640 
Bone  growth,   640 
Bone     marrow,     relation     to 

fibrinogen,    654,    557 
Bone  oil,  iodine  number,   71 
Borget  breakfast,  369 
Boric  acid,  infiuence  on  hair, 

209 
influence     on     olllness     of 

skin,  209 
BQttger's    test    for    glucose, 

861 
Brain,   666-598 
sesthesin,    579 
amino-llpins      or      amlno- 

lipotldes,  580 
amino-myelln,   577 
assurln,  678 
autolysis  of,  589 
bregenin,  578,   580 
"  buttery  substance,"  669 
cepballn ;  see  Kephalln 
cerebronlc  acid,  76 
cerebrosldee      or      glacto- 

sldes,  578 
cerebrospinal  fluid,  586 
cerebro-suluphatldes,     680 
chemical     difference     from 

other   tissues,   568 
cholesterol,     amount,     681 


Brain,  copper  in,  5f4 

corpus  callosum,  composi- 
tion, 583 

creatine,  amount  of,  582, 
709 

d  1  a  m  1  n  o-dlphoaphatldes, 
578 

dlamlno-monophosphatldes, 
577 

energy  involved  in,   594 

extractives,  570,  581 

formic   acid,    582 

glycoleuclne  (caprine), 

582 

glycollplus,  578 

gray  matter,  composition, 
583 

gray  and  white  matter, 
difference,  583 

human,    composition,    584 

hypoxanthine,   581 

inorganic  salts,  583 

Inoslte,  582 

kephalin,  preparation  and 
properties,  573 

kerasin,    578 

krinosin,  580 

lactic  acid,  582 

lecithin  cadmium  chloride, 
properties,  571 

lecithin,  preparation  and 
properties,    570-572 

llgnoceric    acid,    578,    579 

medullary  sheaths,  compo- 
sition and  function  of, 
686 

myelin,   576 

neuroplastin,  583 

no  neutral  fat  in,  668 

nucleic  acid  of,  585 

"  oily   substance,"    569-570 

origin  of  psychic  qualities, 
596 

oxygen  consumption  by, 
490,   593 

paramyelin,  576 

phospholipin,  method  of 
separation,  568 

phosphorus,  importance  of, 
594 

phrenosin,    578 

phrenosterol,    amount,    581 

physiological  interpreta- 
tion of  chemical  compo- 
sition, 586 

protagon,  580 

proteins  of,  584 

protoplasm,  physical  con- 
sistence  of,   585 

psychosln,  579 

reserve  carbohydrate  lack- 
ing,  688 

respiration   of,  590-593 

specific  gravity,  584 

sterols,  581 

sphingol,  577 

sphingomyelin,  577 

splngomyellnic  acid,  577 

spingosin,  577 

structure  of  nerve  cells 
andfiUers,   566 

succinic   acid,    582 

sulpbollplns.  580 

sulphur  of,  580 

summary,  595 

taurlnp  In,  580 

water   In,    568 

weisht  of  human,  .'584 

white  matter,  composition, 
683 

"  white  substance."  589 
Brazil   nut  oil,   iodine  num- 
ber,  70 
Bregenin,   62,   678,   580 
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Bromine,     oxidizing     power, 

260 
Bromplienylmercapturlc  acid, 

819 
Bi'omphopionyl  chloride,   134 
Brownian  moyement,  243 
Brunner's   glands ;   see   Duo- 
denum 
Buffer   solutions,    544,   1059, 
1122 
for  urease,  1014 
Burchard-Liebermaun   choles- 
terol reaction,  82 
Butter,    coloring   matter,   64 

composition,  64 
Butter   (at,   64 
iodine  number,   71 
Eelchert-Meissl  number,  74 
relation    to    growth,    844- 

848 
saponification   number,   74 
Buttery       substance       from 
brain,  569-570 
n-Butyl  mercaptan,  820 
Butyric    acid,    formula    and 
properties,    74 
oxidation   of,    75 
amount  in  butter,  64 
Butyro-betatne,   442 

Cadaverine ;  see  Pentamethy- 

lenedlamline 
Cadmium    sulphide    solution, 

222 
Caffeine,  fate  in  body,  765 
Calcium,    quantitative   deter- 
mination,   blood,    1039 ; 
urine,  1108 
in   urine,   756 
Calcium     salts,     relation    to 
bone  growth,  640 
relation      to     clotting     of 
blood,  520 
Calorimeter  of  Atwater,  Rosa 
and  Benedict,  283-286 
ice,  of  Lavoisier,  272 
of  Rnbner,   281 
water,   of   Dulong,   278 
Camphor,   excretion  of,   759, 
762 
formula,  79 

moyement   on    water,    209 
Cancer,    gastric    acidity    in, 

370 
Cane  sugar ;   see  Saccharose 
Capillary  method  of  surface 

tension,  207 
Capillarity ;  see  Surface  ten- 
sion 
Caprine,  formula,  117,  582 
Caproic  acid,  formula,  64 

in  butter,  64 
Caprylie  acid,   formula,  64 
Carbamic  acid  in  urine,  764 
Cart)amic  acid  and  urea,  691 
Carbamlno      compounds      in 

blood,  477 
Carbamlno        reaction        of 

amino-acids,  121 
Carbodiimide,   692 
Carbohydrates,   16-60 
absorption  of,  453 
amount    in    blood    plasma, 

461 
amount    in     mucoids    and 

mucin,  325 
bacterial       decomposition, 

440 
classification,  19 
decomposition  by  acids,  35- 

38 
decomposition     by      alkali, 

30-34 
definition,  16-18 


Carbohydrates,  dissociation 
constants  of,  18 
excretion  in  intestine,  453 
fermentation  by  yeast,  886 
influence  on  intestinal  pu- 
trefaction, 445 
In     blood,     determination, 

1021,  1028 
in  nucleic  acid,  169 
in  urine,  758,  1109 
metabolism,  771-797 
metals  reduced  by,  38 
Mollsch   reaction  for,   151 
occurrence,  16 
osazones,  43 
oximes,    42 
practical    experiments   on, 

853 
properties,   17 
reaction  with  hydrocyanic 

add,   42 
reduction  of,  41-42 
source    of    muscle    energy, 

291 
union  vrith  acid,  18 
union  with  alkali,  17 
Carbon   dioxide,   acceleration 
of   starch    digestion    by, 
332 
action    on    blood    clotting, 

526 
amount  excreted  per  day, 

293 
amount     in     blood,     475, 

1041 
amount  produced  by  vari- 
ous tissues,  490 
combined    in    blood,    476, 

1041 
hemoglobin,    495 
pressure    in    alveolar    air, 

477 
pressure  In  blood,  477 
pressure  in  tissues,  477 
production  by  nerves,  592 
relation   to  uric  acid  syn- 
thesis,  739 
rSle  in  dissociation  of  oxy- 
hemoglobin,   476 
secretion  of  by  lungs,  480 
union     with     amino-aclds, 
120 
Carbon    income    and    outgo, 

292 
Carlxin    monoxide   hemochro- 

mogen,  508 
Carbon  monoxide,  method  of 
determination  of  satura 
tlon  of  blood,  480 
toxicity,  495 
Carbon       monoxide        hemo- 
globin, 140 
see    Carlronyl    hemoglobin 
Carbonyl    hemoglobin,    prop- 
erties, 494 
recognition  In  blood,   1000 
spectrum,  493,  1000 
Carboxyl  groups,  number  In 

protein    molecule,    137 
Carboxylase  decomposition  of 

amino-acids,  441 
Cardlod  condenser,  216 
Carnauba  wax,  80 

iodine  number,  71 
Carnaubon,  99,  100 
Carnaubyl  alcohol,   81 
Carnic  acid,  310,  534,  613 
Carnlferrln  from  milk,  310 
Carnine ;   see  Inosine 
Carnitine,   in   muscle,   610 
Carnoslne,  610 
Carnutlne,  92 
Carotin  in  butter,  64 
Carotin  in  milk,  311 


Cartilage    acid;    see    Chon- 

droitic  acid 
Cartilage,         cbondromucold, 
637 
composition,        324,       325, 

637 
relation      to      chitin     and 

mucin,  325 
structure,  637 
Caryoktnesis,     autolysis     in, 
182 
chemical    changes    during, 

182 
relation    to    nuclear    sap, 

181 
sensitivity  to  ether,  182 
Caseanlc   acid,   308 
Casein,  changes  in  clotting, 
376 
composition,    110,   308 
ease  of  digestion,  356 
molecular  weight,  139,  142 

377 
of  different  animals,  308 
preparation,    949 
properties,  308 
structure  of  clot,  232 
Caseinic  acid,  308 
Caselnogen ;  *ee  Casein 
Castor  oil,  65,   66 

iodine  number,   70 
Catabolism,   9 
of  amino-aclds,  810 
of  glycocoll,  810 
of  proteins,   807 
Catabolism   of   tyi'osine,   812 
Catalase,  256 

in  saliva,  334 
Catalysis,  definition,  10 

explanation,  250-256 
Cataphoresis  of  colloids,  ap- 
paratus,  218 
Cation,    derivation    of   word, 

193 
Cell,     colloidal     constitution, 
12 
organization  of,  11,   12 
phospholipins  in,  101 
Cellulose,   19,  58,  59 

in  animals,  59 
Cephalin ;  see  also  Kephalin 
Cephalln,    amount    in    milk, 
309 
amount  of  glycerol  in,  99 
bases  In,  100 
relation  to  clotting,  516 
Cerebric  acids,  570 
Cerebrin,   570,   578 

preparation    of,    911 
Ccrebron,  578 
Cerebronic  acid,  579 
Cerebrosides,  570,  579 
hydrolysis  of,  912 
see  Glycolipins 
Cerebrospinal   fiuid,   composi- 
tion, 585 
Ceryl  alcohol,  81 
Cetyl  alcohol,  81 
Chemical  resistance,  253 
Chemotaxis      of     leucocytes, 

455 
ChenochoUc  acid,  432 
Ohevreul,   62 

Chicken      muscle,      composi- 
tion, 605 
Chitin,  composition,  325 
relation  to  mucin,  324 
Chltosan,   326 
Chloral     hydrate,     excretion 

of,    759,    763 
Chlorl^s,         determination. 
In  blood,  1034,   1036 
Vollhard  mothod.   1107 
In  urine,  756,   1107 
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Cblorine,  amount  In  various 

tissues,   372 
In  gastric  juice,  346 
relation    of    amount    se- 
creted   in    gastric    juice 

to  all  in  body,  347 
in        cells,        distribution, 

microchemical,  373 
Chloroform  poisoning,  disap- 
pearance   of    fibrinogen, 

554 
Chloropbyll,  chemistry,  48 
relation   to   bile   pigments, 

423 
relation     to     synthesis    of 

dextrose,    45 
Cbolalic     acid;     see     Chollc 

acid 
Choleic    acid,    431 
Choleprasin,  416 
Cholesterase  in  blood,  551 
Cbolesterin ;    see    Cholesterol 
Cholesterlnic        acid,        from 

cbolic,  429 
(!bolesteriDie  acids  85 
Cholesterol,  81-86 

absent     in     hippopotamus 

bile,  433 
amount  in  different  brains, 

581 
amount  In  nervous  tissue, 

84 
amount  in  various  tissues 

84 
chemistry  of,  85-86 
color     reactions,     82,     83, 

914 
discovery  of,  81 
Cholesterol,  in  atheromatous 

arteries,  85 
in   bile,  432,   986 
In  blood  serum,  85 
in   brain,   570,   581 
in  butter,  64 

in    cerebrospinal    fluid,    87 
in  egg  oil,  84 
in  food  and  excretions,  435 
in  natural  olls^  64 
physiological  action  of,  86 
preparation     from     brains, 

82,  013 
properties,  81 
quantitative         determina- 
tion, 83 
quantitative        determina- 
tion, colorimetric,  84 
Cholesterol  esters,   82 
in  brain,  84 
in  egg  oil,  84 
in      commercial      lecithin. 

85 
Chollc  acid,  amount  In  bllc 

428 
color    reaction    with    HCl. 

430 
formula     and      properties, 

428 
Ingestion,    effect    on    bilo, 

428 
preparation,  428 
relation      to      cholesterol. 

430 
separation     from     choleic, 

etc.,  429 
Choline,    amount   In    various 

tissues,    95 
chemistry  of,  92.  93 
decomposition,   94 
from  lecithin.  91 
In  sinalbln,  53 
in  sphingomyelin,  577 
microchemical     tests     for, 

95 
Choline  prriodklo,  94 


Choline,  physiological  action, 
93 
quantitative         determina- 
tion,  94 
Choline      PtClt,      contamina- 
tion by  KCl,  572 
Cholohematin,  418 
Cbondroltic   acid,    chemistry, 
324,  325 
graphic  formula,  325 
in  eggs,  316 

In  mucin  and  mucoid,  324 
638 
Chondroitin,  325 
Cbondromucoid,   637,   639 
Chondrosin,    325 
Chondroproteins,  637 
Chromafflne  tissue,  668 
Chromatin,     basic     constitu- 
ents,  176 
composition,  162-179 
in   living  nucleus,   consist 

ence,  158 
of  sperm,  178 
nucleic  add  in,  164 
Chromoprotelns,  113,  155 
Chromosomes,      sudden      ap 

pearance,    159 
Chyle,  452 

Chyme,  reaction  of,  365 
Chymosin ;  see  Rennin 
Cirrhosis  of  liver,  and  urea, 

699 
Citrates,   Influence   on    blood 

clotting,  520 
Citric  acid  in  milk,  310 
CItronellol,  80 

Classification        of        carbo- 
hydrates. 19 
Classification   of  fats,   61 

of  Ilpins,  61-62 
Classification    of   oils,   62 

of  proteins.   112,   113,   114 
Clotting    of   blood,    practical 
work,   1004 
see  Blood  clotting 
Clotting  of  milk,  in  stomach, 
349,  376-380 
by   proteases,  377 
Clupanodonic    acid.    65 
Iodine  number  of,  71 
Clupeln,  amino-acids  in,  128 
composition,    110 
elementary  analysis,  177 
Coagulated  proteins,    113 
Coagulins,   516 
Cocceryl  alcohol,  80 
Coccoon,  amino-acids  in,  129 
Cocoa  butter,  iodine  number. 
71 
specific  gravity,  66 
Cocoanut  oil,  64,  71 

Rolchert-Meissl  number,  74 
saponification  number.  74 
Cod-liver  oil,  iodine  number, 
71 
valuable  In  growth,  846 
Coenzyme    of    pancreas.    397 
Cole's  method  of  distinguish- 
ing lactose   and   glucose 
in  urine,  1070 
Collagen,    composition,     110, 

636 
Collodlal     albumin,     precipi- 
tated   by    salts,    224 
Colloidal  metals,  size  of  par- 
ticles, 215 
Colloidal  nature  of  enzymes, 

330,    S54 
Colloids,   213-244 

Brownlan  movement,  243 
eataphoresls   of,    218 
crystnllold    gels,   2.'i0 
degree    of    dispersloq,    Sl.T 


emulsolds  and  suspensolds, 
217 
Colloids,  gel   structure,   229- 
230 
iuua^ace  of  valence  in  pre- 

upitatlon,   224 
importance  in  cell  life,  12 
laws  of  precipitation,  225 
meaning  of  word,  214 
origin   of  electric  charges, 

219-222 
osmotic   presure  of,   243 
particles      electrically 

charged,  217 
precipitation  by  salts,  224, 

225 
properties  of.  214 
size  of  particles,  215 
syneresis    of    gels,    233, 
235 
Tyndall    phenomenon,    217 
Colorimetric  method  of  esti- 
mating     saturation     of 
hemoglobin,   48U 
Color    reactions   of    proteins, 

144-152 
Colostrum,    composition,   307 
Combustion     and     electrical 

phenomena,  258 
Compound  proteins ;  see  Con- 
jugated proteins 
Conalbumin  in  egg  white,  315 
Condensation  of  amino-acids 

to  proteins,   133 
Conductivities,  equivalent  of 

various    acids,    1 95 
Conductivity   of   blood,    549 
Conglutin,    composition,    110 
Congo   red  as  indicator,  371 
Congo  red  in  stomach   titra- 
tion,   368 
Coniferin,  53 
Coniferyl     alcohol,    53 
Conjugated    proteins,    classi- 
fication, 113 
Connective    tissues,    composi- 
tion, 634-642 
white,    634 
Conservation    of    energy    in 
the  body,  276,  281,  290 
Contractile    tissues,    600 
Contraction,    mechanism    of, 

627 
Convlcln,  168 

Cooking,    Importance    in    di- 
gestion, 319 
Copper  in  brain,  574 
Coprosterol,  87.  4.14.    435 
Coregonin,     amino-acids     In. 

128 
Cornaro,  liOuis,  801 
Corn  oil ;  see  Maize  oil 
Corpora  lutea,  action   of  ex- 
tracts  of,   678 
relation  to  milk  secretion, 

679 
relation  to  pregnancy.  679 
Corpus  callosum,  567,  583 
Corpuscles,   birds,  method  of 
separating  nuclei,  162 
blood ;  see  Blood  corpuscles 
of  blood,  determination  of, 
990 
Corylln.  composition,  110 
Cotton-seed  oil,   67 

Iodine  number,  70 
Creatine,  acetoacetic  acid  af- 
fects determination,  712 
amount  in  blood,  600,  718 
amount  In  muscle,  609 
amount  In  various  tissues, 

709 
''o'structloTi  In  tissues.  717 
determination  of,   712 
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Creatine,  execretlon  after  in- 
gestion ol  creatine,  711, 
713,  714 

cxcreliuu  during  menstrua- 
tion,   71  a 

excretion  In  cbiidren,  711 
712 

excretion   in   fasting,   714 

excretion,  Influence  of  tliy- 
roid,    710 

excretion  under  various 
conditions,   711 

in  blood  before  and  after 
Itidney    excision,    717 

in  brain,  082 

influence  of  carbohydrate 
food    on    excretion,    715 

in  tormalive  metabcilsm 
of   muscle,   G19 

in  liver  autolysis,   717 

in    men's    urine,    70C 

in  muscle  extract,  609 

in  urine,  chemistry  or, 
705-721 

in   various   muscles,   010 

origin,  609,   716 

preparation  from  meat, 
958 

properties,   707 

sexual  difference  in  excre- 
tion of,  711 

significance  of,  709 

transformation  to  crea- 
tinine,  717 

variation      with      stimula- 
tion, 609 
Creatinine,  amount  in  blood, 
718,    1017,    1026 

amount  in  various  tissues, 
709 

chemistry  and  properties, 
708-709 

coefficient,   711 

excretion,  after  arglnine 
ingestion,   716 

execretion  after  guanidine 
acetic  acid  ingestion,  710 

excretion,  after  Ingestion 
of  lecithin,  717 

excretion  after  methyl 
guanidine  ingestion, 

717 

excretion,  effect  of  crea- 
tine Ingestion,  711, 
714 

excretion,  effect  of  crea- 
tinine ingestion,  711 

excretion,  effect  of  fasting 
on,  714 

excretion,  effect  of  thyroid 
on,   716 

excretion,  independent  of 
protein  intake,  706, 
710 

excretion,  variation  with 
weight,    706 

in    blood,    1017,   1027 

in  muscle,  000 

in  urine,  amount  per  day, 
691,    709 

.Tafffi's    reaction,    1065 

literature,    709 

picramie  acid  reaction, 
1065 

preparation  of,  from  urine, 
1095 

quantitative  determination 
(Folin),  1093,  1017, 
1026 

relation  to  muscle  metabo- 
lism, 719 

summary,   720 

Weyl'a  nitroprusside  reac- 
tion,  1065 


Creatinine       zinc       chloride, 

1064 
Crenllabrin,    amino-acids    in, 

128 
C'resol  in  urine,  749 
Cretinism,  659 
Croton   oil,   65 
Cryptorrhetic      tissues,    643- 
684 
scheme     of     interrelation, 
052 
Crystallization       of       fibrin, 

523 
Crystalloids,  distinction  from 

colloids,  214 
Cucurbitol,    87 

('uorin,    preparation,    proper- 
ties,  95,  96 
Current    of    action,    245-248 
Cyanamide,  692,  706 
Cyanamine  as  indicator,  240 
microchemical  indicator  of 
acid,   374 
Cyanides,  relation  to  respira- 
tion, 592 
Cyanuric  acid,  formula,  from 

urea,    692 
Cyclopterin,    amino-acids    in, 

128 
Cymene,    fate  in  body,   763 
Cyprinin,  amino-acids  in,  128 
Cysteine,   conversion   to   tau- 
rine,  426 
formula,    117 

nitroprusside  reaction,  135, 
151 
Cystine,    amount    in    various 
proteins,    129 
bacterial  decomposition  of, 

442 
cataholism  of,  816 
crystals  of,   117 
formula,    117 
Ingestion    increases    tauro- 

cholic  acid,   428 
mercapitans  from,  442 
Cystinurla,  818 
Cytoplasm,    nucleic    acid    in, 
174 
phospholipin  in,  101 
phosphoric   acid   in,    174 
proteins    in,    155 
relation    to     nuclear    sap, 
182 
Cytosine,   amount  in  nucleic 
acid,    1 69 
color  reaction   (Murexide), 

168 
formula     and     properties, 

168 
origin  in  nucleic  acid,  164 
Cumic   acid,    763 
Cuminuric   acid,    763 

Dakin,   racemization   method, 
126,   138 
amino-acld    method,    944 
Deaminization,    by    bacteria, 
440 
by  oxidation,   122 
during   absorption   of   pro- 
teins, 454 
Defibrination      of      animals, 

554 
Dehydrocholic  acid,  429 
Demethylation   in   body,   764 
Deoxycholeic   acid,   430 
Derived    proteins,    classifica- 
tion, 113 
Desoxycholic   acid ;   see   Cho- 

leic  acid 
neutero-albumose,    361,    929 
Deutero-protose ;      see     Deu- 
tei^b-albumose 


Dextrins,    19 

achroo-,  58,  327 
Dextrins,    by    pancreatic    di- 
gestion,  399 
by   salivary  digestion,  327 
erythro-,   58,  327 
from  starch,  327 
practical    work    on,    963 
Dextrose,  acids  from,  by  ox- 
idation,  33 
amount  in   blood,  470 
changed  to  levulose,  31-32 
condensation       with      am- 
monia    to     amino-acids, 
186 
condition  in  blood,  471 
cons:imptiou  by  liiait,  783 
decomposition    Dy    alkalies, 

30-34 
decomposition     in     muscle, 

790,    794 
dissociation     constant,     18 
fragmentation    in    muscle, 

625 
formed    from    amino-acids, 

776,  794 
glycolysis    in    muscle,    624 
mutarotation  of,  50 
osazone,   43 

oxidation  by  bromide,  etc., 
and    rehling's    solution, 
38-39 
oxidation     by     body,     rela- 
tion  10   pancreas,  78i 
oximo,    43 
properties,  50 
reduction    of,    41 
relation  to  ana'robic  respi- 
ration, 42 
structural  formula,  28 
synthesis    in    plauts,   44 
union     with      hydrocyanic 
acid,  42 
Dextrose      metabolism ;      see 
Carbohydrate        metabo- 
lism 
Dextrose    to    nitrogen    ratio, 

in  ui:inp,  776 
Diabetes       insipidus,       after 
hypophysis      extirpation, 
651,  688 
Diabetes    mellitus,    771 
cause  of,  787 
excretion  of  acetone  bodies 

in,    781 
relation  to  pancreas,  781 
Diabetes,  phlorizin,  776 
Diacetie  acid  ;   see  Acetoace- 
tlc   acid 
quantitative  determination, 
1116 
Diacid     amides    give    biuret 

test,    145 
Dialuric  acid,  from  uric  acid, 

720 
Dialysis,  definition,  217 
Dialysis  experiment,  923 
Diamlno-di phosphatides,   578 
Diamino-monocarboxylic 

acids,  118 
Dlamino-monophospbatldes, 

577 
D  i  a  m  1  n  o-trioxydodecanoic 

acid,    308 
Diastase^  definition,   329 

see  Amylase 
Diazo-henzene  sulphonic  acid, 

919 
Diazo     reaction     of     indole, 

987 
Dielectric  constants  of  vari- 
ous liquids,    192 
Diet,        carbohydrate        and 
amount   of  ptyalin,  334 
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Plet,  effect  of,  on  bile  secre- 
tion, 410 
effect    of,    on    blood    vis- 
cosity,  512 
effect  of,  on  Intestinal  pu- 
trefaction,  445 
importance   of    lipins,    309 
low  protein,  effect  on  uri- 
nary nitrogen,  710 
relation  to  longevity,  801 
sterilized  mlli.,  313 
Dletbyl    methyl    sulphonium 

hydrate,  820 
Digestion,  bacterial  decompo- 
sition, 437 
energy   transformation  in, 

365 
formation  of  feces,  438 
geaeral   discussion,   319 
of  fats,  in  stomach,  350 
of    proteins    In     stomach, 

349 
peptic,     increase    of    acid 
combining  power  during, 
363 
peptic,     increase    of     free 

amino  groups,  363 
peptic,   of   proteins,   360 
protein,  by  pancreas,  400 
rate  of,  as  shown  by  car- 

bamlno  reaction,  122 
salivary,  319-337 
salivary,        inhibited        by 
products     of     digestion, 
333 
stiirch,  by   saliva,  327 
stomach,  338-386 
summary       of       digestive 
changes  in  food,  446 
DIhydroxystearic    acid,    65 
Dlketopiperazine     from     am- 

ino-acids,    124 
Dimethyl  amlno-benzaldehyde 

reaction  of  mucin,  326 
Dimethyl    amino-azo-benzene 

as  indicator,   371 
Dimethyl    ethyl    pyrrol,    for- 
mula, 415 
Dimethyl  guanidine  In  urine, 

747 
Dioxyacetone,   19,  66 
Dioxy-diaminosuberic       acid, 

308 
DIoxyphenyl    alanine,    676 
Direct     vision     spectroscope, 

998 
Disaccharldes,    classification, 
19,  54 
composition  of  various,  19 
Disaccharldes,     from     mono- 
saccharides   by    alkalies, 
34 
decomposition  by  alkalies, 

34.   35 
properties   of   various,   54- 

57 
relation  of  Barfoed's  solu- 
tion, 40 
hydrolysis  by  acids,  35-37, 
886 
Dissociation      constants      of 

carbohydrates,   18 
Dissociation      constants      of 

various  acids,  257 
D  :  N  ratio  in  diabetes,  776, 

793 
Dolphin   oil,   iodine   number, 

71 
Doremus    ureometer,    1091 
Drechsel's     theory     of     urea 

formation,   704 
Drying  oils,   composition,  67 
Ductus    choledocbus,    407 
Dulong  and  Depretz,  experi- 


ments   on    animal    heat, 
277 
Dulong   calorimeter,   278 
Duodenal   secretion,   387 
cmcroliinase  In,  387 
invertin  in,   388 
lactase  in,   388 
H  ion  content,  387 
maltase  in,   388 
quantity,   387 
Duodenum,       excretion        of 
monosaccharides  in,  453 
excretory   function,  389 
extirpation    of,    388 
other    functions    than    di- 
gestion, 388 
Dyslysine,   425 
Dysplasia    adiposo  genitalis, 
646,  647 

Eck  fistula,  697 

metabolic       changes       by, 
698 
Edestan,   113 

Edestin,     composition,     110, 
129,   139,  144 
dichloride,   137 
molecular  weight,  139 
monochloride,  137 
preparation,   925 
Egg  oil,  composition,  317 

iodine  number,  71 
Eggs  as   food,  314 
Eggs,      composition,      white, 
314,  315 
composition,      yolk,      314, 

316 
conalbumin  in,  315 
hematogen  in,  317 
literature,  318 
mineral      substances      In 

yolk,  317 
ovalbumin,  315 
ovoglobulin,        ovomiueold, 
ovomucin,  315 
proteins   in  white,   315 
proteins  in  yolk,   ovovitel- 
lin, 316 
Ehrllch,   diazo   reaction,   919 
Bhrlich's         dimethyl-amino- 
benzaldehyde       reaction, 
918,  988 
reaction  of  chitin,   326 
reaction  of  mucin,  326 
Elasmobranchs,    function    of 

urea   in,   705 
Elasmobranch    muscle,    urea 

in,  611 
Elastin,     composition,      110 
129,  636 
preparation,    636 
Elastin,     use     in     detecting 

pepsin,   357 
Electrical     basis     of     oxida- 
tions,  256-257 
charges   on    colloids,    218 
double    layer    on    colloids, 

227 
phenomena,   blaze  current, 

245 
phenomena,  of  protoplasm, 
244 
Eleomargaric  acid,  65 
Emiulsiflcatlon     of    fats|    by 
pancreas,  395 
of  fats  by  soaps,  222,  910 
Emulsin,  54 

Emulsion,   definition,   230 
structure     of     protoplasm, 
234 
Emulsolds,    217 
Enamel,  composition,  641 
Energy  changes  of  proteoly- 
sis,  365 


Energy,    conservation    of,    In 
animals,  8,  276-288 
of  living  matter,   8 
Endothelium    of    blood    ves- 
sels,   function,    420,    558 
Ethol  of  acetoaeetic  acid,  75 
of    peptides,    126 
of   xanthine,   167 
reaction ;     see     Gerhardt's 
reaction 
Enterokinase,  387 

action      on      trypsinogen, 

401,  980 
experiment    on,    980 
Enzymes,   active   principle   a 
protein,  330,  400 
combine     with     substrate, 

331,   357 
definition,  10,  256 
determination    of    activity 

of    amylase,    331 
endocollular,    256 
glycolytic,  550 
in   blood,  549 
in    nucleus,   182 
kinds  of,  in  cells,   256 
law  of  velocity  of  amylase, 

333 
nuclein    catabolism,    731 
pepsin      and      pepsinogen, 

353-354 
pepsin,     law     of    velocity, 

358 
protective    action    of    sub- 
strate,  331 
ptyalin,    conditions   of  ac- 
tivity, 331 
resemble    substrate,    330 
reversible   action   of,  255 
Episaccbaric  acid,  169 
Eguillibrium      of     reactions, 

255 
Erepsin,   in   intestine,   403 
in  pancreas,  402 
of  pancreas,  not  activated 

by   enterokinase,  405 
in  saliva,  334 
in  stomach,  381 
intestinal   mucosa,  983 
Erucic  acid,   65 

iodine  number  of,  71 
Erythrodextrin,        h  e  x  o  s  e 

groups  in,   58 
Erythrose,   19 
Erythrulose,   19 
Esbach's  method  for  albumin 

in  urine,    1068 
Esocin,   amino-acids   in,    128 
Essential    oils,    62,    78-80 
Esterases,   256 
Esterlfication  of  amino-acids. 

127 
Ethal,   81 

Ethereal   sulphate,   excretion 
amount,    per    day,    748, 
821 
in  bile,  427 
in    urine,    744 
in    urine    quantitative    de- 
termination.  1106 
Ethyl     acetate,     equilibrium, 

255 
Ethyl    amine    from    alanine, 

441 
Ethyl     mercaptan     In    feces, 

443 
Ethyl-methyl-amino  propionic 

acid.  117 
Euglobulln,    552 
Ewaid    test    breakfast,    342 
Excclsin,   107 

composition,  110.  129.  139 
molecular  weisbt,   139 
preparation,  926 
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Excretions,     carbon     dioxide 
per  day,  686 
nitrogen   per  day   in  skin, 

686 
of  the  body,  685 
urine ;   see   Urine 
water  in  urine,  feces,  etc., 
686 
Exocellular  enzymes,   256 
Extractives,     of     brain,    570 
581 
of  connective   tissue,   636 
of  muscle,  608-615 

Fasting,  chart  of  fasting  ex- 
periment,  facing,   8S6 
effects  of,    835 
effect    on    creatinine    and 

creatine,  714 
effect  on   uricolysis,   738 
from    water    and    mineral 

substances,  837 
loss  of  weight  of  different 

organs  during,  835 
metabolism  in,  833-836 
rejuvenescence  by,  835 
Fats,  absorption  of,  452 
acetyl    number,   74 
absent  from  brain,  568 
as  muscle  foods,  291 
crystallization  of,  65 
definition,   61 
difjestion     and     absorption 

influence   by   bile,   411 
digestion  of,   by   pancreas, 

394 
digestion    of,    in    stomach, 

350 
emulsification  of,  by  soap, 

222 
heat  by  metabolism,  295 
history  of  discovery  of  na- 
ture, 62 
identification  of,  69-71 
in   surface   films,   65 
iodine  number,  72 
iodine   numbers   of,    72 
location  in  protoplasm,  78 
melting   points,    66,    69 
oxidation  of,   75 
physiological    value,    74 
Rciehert-Meissl  number,  74 
relation  to  leucocytes,  454 
resyn  thesis  of,  452 
saponification   of,   72 
saponification    number,    73 
nee  also  Lipins 
staining    reactions    of,    78 
synthesis  of,  76-78 
volatile,  in  butter,  64 
Fatty     acids,     from     waxes, 
80 
identification  of,   69-71 
in  bile,  amount,  432 
iodine    numbers    of,    71 
melting    points     and    for- 
mulas, 64,  65 
oxidation   of,   75 
synthesis    of,    76-77 
Fatty  oils,  61 
classification.  62 
Influence    on    surface    ten- 
sion.  209 
see  Oils 
Feces,   amount  per  day,  292 
bacteria     in,     number     of, 

439 
basterial  nitrogen,  4.39 
composition,  in  absence  of 

bile,   411 
composition  of,  294 
decomposition     of     amino- 

acids    in,    441-443 
energy  in,    292 


Feces,  formation  of,  438 
nitrogen  in,   per   day,   439 
water  in,   292 
weight  per  day,  439 
Febling's    solution,    composi- 
tion   of,   38 
explanation    of    action    on 

carbohydrates,    38-40 
practical,  872 
Fermentation,   alcoholic,   886 
of  glucose,  794 
ofi      various      sugars      by 
yeast,  24 
Ferments ;  see   Enzymes 
Ferric  chloride,  indican  test, 

1066 
Ferric     hydrate    as     colloid, 

221 
Ficoceryl  alcohol,  81 
Fibrin,    amount    in    arterial 
and  venous   blood,   555 
composition,  110,  139,  144 
distribution  of  nitrogen  in, 

144 
molecular  weigbt,  139 
origin   of,    524,   554 
origin  of,  in  blood  plates, 

530 
phospboiipin  in,   525 
relation  to  fibrinogen,  524 
reformation   of,  555 
variation     in     amount     in 

leucocytosis,    552 
ferment ;  see  Thrombin 
Fibrinogen,  amount  in  blood 
plasma,   552 
composition,  139 
Flbrinog^,     A-,     of     Wool- 
dridge,   467 
molecular    weight,    139 
properties,  526,  552 
relation   to  blood  clotting, 

522 
relation  to  blood  viscosity, 

.513 
relation   to  fibrin,  523 
Fibrinoglobulin ;    see    Serum 

fibrinogen 
Fisher's    hydrolysis    of    pro- 
teins,  127 
Fish  muscle,  amino-acida  in, 

608 
Fish   oil,    iodine   number,   70 
Fish  scales,  guanine  in,  165 
Fletcher,  and  diet,  800 
Fluorides  and  blood  clotting, 

019 
Folin,      ammonia,      aSration 
method,  1081 
and   Benedict,   creatine  de- 
termination, 1096 
and    Denis,    uric    acid    in 
blood,         determination, 
1030 
and    Farmer,    microchemi- 
cal       nitrogen       method, 
1081 
Folin    and   Hart,   determina- 
tion    of     acetone     and 
diacetic    acid    in    urine, 
1118 
and    Maeallum,   uric   acid, 
microchemical    determi- 
nation. 1098 
and   Shaffer,   uric   acid  de- 
termination.  1097 
Folin-Wu    system     of    blood 
analysis,   1007 
creatinine      determination, 

1093,   1017 
determination        inorganic 

sulphates  urine,  1105 
determination    of    acetone 
in    urine,    1115 


Folln-Wu,  determination  of 
ammonia  in  urine,  ma- 
crochemical,  1093 

determination  of  ammonia 
in  urine,  microchemical, 
1093 

determination  of  total 
acidity,  1121 

determination  of  total  sul- 
phates  ot  urine,   1105 

phospbotungstate  reagent 
for  uric  acid,  1063 

reaction  for  uric  acid,  1063 

temperature  indicator, 

1089 

urea,  microchemical  deter- 
mination, 1088 

urea,  quantitative  method, 
1088 
Foods,   amount   required   per 
day,   304 

artificial,   303 

composition  of  various, 
304,  305 

definition  of,  300 

diversity  of,  importance, 
302 

beat  equivalent  of,  in 
body,   290-292 

in  growth,  297 
Food    poisonings,   443 
Formaldehyde,      color     reac- 
tions   with    tryptophane, 
147,   918 

condensation  to  carbo- 
hydrates, 47 

detection  in  milk,  149 

from  CO2  and  HjO  by 
light,  45 

in  plants,  45-46 

rSle  in  metbylation  in 
body,  718 

Sorensen  titration  of 
amino-acids  by,  363, 
982 

union  with  amino  groups, 
121,    137 
Formic  acid,  33 

from  adenine  by  hydro- 
lysis, 166 

from  nucleic  acid,  164 

in  brain,  581,  582 
Formamide,       molecular 
weight    of    proteins    in, 
142 

molecular  weight  of  starch 
in,  142 
Formol    titration   of   protein 

hydrolysis,   363 
Freezing   point,   and   osmotic 
pressure,  table,  201 

anomalous  of  salt  solu- 
tions,  197 

appar8.tus,   Bartley,   201 

apparatus,   Beckmann,   196 

of  blood,  increased  by-  gas- 
trie  secretion,   346 

of   CaCl   solutions,    196 

of  urine,  690 

of  various  bloods,  547,  549 

of    various    solutions    ol 
glucose,    196 
Fructose ;   see   Levulose 
Fruits,   composition   of   vari- 
ous, 306 
Furfural    formed    from    pen- 
toses,  35.   885  ; 
Fundus   mucosa  of  stomatui, 
chlorine  in,  372 

Galactase,  313 
Galactogogie  action  of  pitn- 

itrine,  651 
Galactonic  acid.  41 
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Galactosamine,      in      tendon 

mucoid,  324 
Galactosazone,  melting  point, 

43 
Galactose,  19,  51 

detection,    tiSO 

In   biaiu,    578 

In    glycolipins,    100 

in  milk  as  brain  food,  30 

in  mucoid,  324 

method  of  detection,  880 

mucic   acid  from,   41,   880 

properties,  51 

structural  formula,  28 
Galactosides  in  brain,  578 
Gall    stones,    cliolesterol    in, 
86,  433,  986 

preparation  of  bilirubin 
from,  416 

oriKin  of,  433 
Gas-chain  method  for  hydro- 
gen  ions,   540,    1051 
Gas  electrode  for  blood,  542, 

1054 
Gases,   in  blood,  473 

intestinal,   composition   of, 
440 
Gastric  contents,  acid  in,  de- 
termination, 360 

determination  of  acid  in, 
practical,  073 

hydrogen  ions  in,  368 

method  of  obtaining,  366, 
972 

reaction    to    various    indi- 
cators. 366 
Gastric    digestion,     of    milk, 
376 

optimum  concentration  of 
HCI  for,  965-977 

practical     work     on,     965- 
977 
Gastric  juice,  acidity  of,  846 

action  on  carbohydrates, 
350 

action  on  fats,  350 

action  on  milk,  349 

action  on  proteins,  349, 
351 

amount  per  day,  347 

antiseptic  action,   350 

appetite  secretion,    343 

freezing  point  of,  ,345 

human,  St.   Martin's,  340 

hydrochloric  acid  in,  meth- 
od of  determination, 
366,  074 

hydrogen  ion  concentra- 
tion of  human,  346,  358 

manner  of  obtaining,   342 

pepsin  and  pepsinogen,  353 

proteolysis  by,  361 

pure,  of  dog,  345 

relation  to  amount  of  food, 
345 

secretion   of   add,    372-373 

sham  feeding,  343 

test  meals.  342 

variation  In  acidity  after 
meals,  369 

variation  with  diet,  348 
Gastrin,    348 
Gelatin,  amlno-aclds  In,   129 

composition,    110,   637 
Gelatin.       distribution        of 
nitrogen  in,  144 

nutritive    value    of,    803, 
823' 
Gels,  casein.  232 

definition   of,  229 

fibrin,   231 

nucleic  acid,    163 

of  pmulsold   colloids,   217 

of  gelatin.   231 


Gels,  protoplasmic,   214,   233 
'    reversible  and . irreversible, 
230 
reversible,        of        amino- 
myelin,   75 
structure   of,    229,    232 
swelling  of,  235-238 
Guianiol,    80 
Uerbardt's        reaction        for 

acetoacetic   acid,   1074 
Gigantism,    and   hypophysis, 

650 
Oiladin,      composition,      110, 
112,  129,  139,  144 
molecular   weight,    139 
preparation   of,   926 
definition,  114 
Globin,  composition,  139,  50D 
from     hemoglobin,    amino- 

aclds  in,  129 
molecular  weight,   139 
Globulin,    cotton    seed,    com- 
position,  110 
from   squash  seed,    compo- 
sition, 129 
precipitation    by    dialysis, 

S2.'i 
precipitation       by      salts, 

924 
definition,   112 
dissolution     by     salts,  227 
from   blood   plasma,   552 
from  tissues,  105,  519 
wheat,    110 
Glucal,   in   nucleic  acid,   169 
Gluconic   acid,    formula,   33 
Glucosamine,     in      cartilage, 
325 
in  chltin,  325 
osazone  from,  43 
in  ovalbumin,  315 
Glucosazone,    melting    point, 

43 
Glucose,  commercial.  50,  303 
determination,       Bang's 

method.    1110,    1112 
determination.       Bang's 
microehomifal      method, 
1114 
determination       Benedict's 

method,    1100 
determination,        Bertrand 
and  Munson  and  Walker 
method,  891 
determination,     Bertrand's 

method,  888 
determination      in      blood. 
Bang's         mlcrochemical 
method,   1114 
d-glucose  ;  see  also  Dextrose 
in  urine,    Benedict's  meth- 
od for,  lion 
in  urine,  detection,  1069 
in       urine.       fermentation 

test,  1070 
in    urine,    identification    of 
small     amounts.     Cole's 
method,  1070 
in    urine,    osazone    forma- 
tion, 1070 
nitrlle.  42 
Glueosldes,    classification    of, 
52 
hydrolysed  by  emulsin,  54 
hydrolysed  by  Invertin,  54 
hydrolysed  by  maltase,  54 
of  pyrlmldlne,  168 
Glucosone.   43  ■ 
Glucothlonic  acid,  312,  638 
Glutamic    acid,     amount    In 
various   proteins,    129 
conversion  to  proline,   124 
formula,   117 
lactam  form,  124 


Glutamic  acid,  reaction  with 

ninbydrin,  150 
Glntelins  definition,  112 
Giutenin,  composition,  110 
Glyceric  acid,  66 
Giycerldes,  63 
Glycerin ;    see  Glycerol 
Glycerol,   absorption   of,   452 
acrolein       test      for,      6U, 

907 
in    cephaiin,  574 
oxidation  of,   66 
Glycerose,  19,  66 
glyceryl  aldebyde,  66 
Glycine ;   see  Giycocoll 
Glycinin,  composition,  110 
Glycoeholeic  acid,  430 
Glycochoiic     acid,     formula, 
properties,     preparation, 
425 
preparation  of,  985 
re-excretion     after     inges- 
tion, 428 
Giycocoll,     amount     formed, 
744 
amount     in     various     pro- 
teins, 129 
conjugated  in  arine,  763 
detozicating      action      of, 

743 
ethyl  ester,  formula,  127 
formula,   116 

from     adenine     by     hydro- 
lysis,   166 
in  bile  salts,  424 
in    muscle,    612 
in    hippuric   acid,    743 
origin      from       NHj      and 

glyoxal,  704 
origin  in  body,  744 
pairing  nlth  acromatic  oxy 

acids.    743 
pairing  with  phenyl  acetic 

acid,    743 
relation  to  urea,  704 
Giycocyamine,      relation      to 

creatine,  706 
Glycogen,   19,  58 

affected  by  adrenaline,  G23 
amount    in    heart    muscle, 

602,  620 
amount    in    muscle,    after 

phlorbizin,  623 
amount  In  skeletal  muscle, 

602,  620 
amount    in     various    mus- 
cles, 621 
and  diabetes,  772 
chemistry  of,  774 
conversion   to  glucose.   777 
disappearance     on     death, 

020 
discovery  of,  772-774 
from  araino-acids.  777 
from  carbohydrate,  775 
from  fat,   776 
from  other  substances,  776 
from  protein,  774 
importance      in      anseroblc 

respiration,   42 
in    various    tissues,    774 
localization  in  muscle,  G20 
of  fasting  muscle,  620,  623 
origin    of,    774 
relation  to  anesthesia,  778 
relation    to   emotions,    778 
Glycogen,    relation     to    gly- 
oxalase,  785 
relation   to   pancreas,    785 
relation       to       splanchnic 

stimulation,  778 
relation      to     suora-renals, 

778 
resistant  to  alkali,   35 
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Glycol   aldehyde,    19,    31 
Ulyooleucine,  117,  582 
Glycol,    from    choline,    94 
Glycollpins,     deQnltion,     62, 
100 
In  brain,  570,  578 
preparation    of,    911 
sugar  group  In,   100 
Glycolysis   In    blood,    550 

relation  to  pancreas,  784 
Glyco-phospbolipins,    100 
Glyco-proteins,         definition, 
113 
mucin,  composition,  323 
Glycosuria,    alimentary,    758 
emotional,    758 
sugar   puncture,   772 
Glycosurias,  kinds  of,  758 
(jlycuronates.   In    urine,    762 
Glycuronic  acid,   distinguish- 
ed from  pentoses^  759 
from  mucin  and  cartilage, 

325 
in  urine,  758,  762 
origin,    759 
(;iyoxalase,    785 
Glyozal  carbonic  acid,  185 

formula,  31 
Glyoxylic     acid,     in     trypto- 
phane  test,    148,    917 
Gmclin-Roscnbach     test     for 

bile  in  urine,  1077 
Gmelin's    test    for    bile    pig- 
ments, 984 
Goitre,    relation     to     iodine, 

664 
Gold,   colloidal,   size   of   par- 
ticles,  215 
Goose  fat,  iodine  number,  71 
Grape   seed  oilj   iodine  num- 
ber,  70 
Grape    sugar ;    see    Dextrose 
Gray   matter  of  brain,   com- 
position, 583 
see  Brain 
Grigant's      colorlmetric      de- 
termination   of    choles- 
terol, 84 
Growth,    296 

importance    of    lipins    for, 

844 
importance     of    vltajnines 

in,  838,  844 
of  bones,  640 
specific  amino-acids   neces- 
sary  for,    822 
Guaiac    reaction    for    blood, 

988,  1077 
Guaiaconic  acid,  test  for  oc- 
cult  blood,    988 
Guanase,  165,  731 

distribution   of,   732 
Guanidine,  formula,  186 

,  propionic   acid,   185 
Guanine,    amount   in    nucleic 
acid,  169 
compounds    of,    165 
fovniula     and      piopprtios. 

165 
gout,    165 

occurrence   in    tissues,    165 
Griffin     in      nucleic      arid. 

164 
products  of  oxidation.   165 
transformation      to      xan- 
thine,  731 
(;uanosin(\   171 

dosaniiilasp.  732 
Gnnnylic  acirl.   170 
KPl    propprty   of.    173 
location  in  cell.,  173 
Gulrlhp'"     and     Waagp    law. 

252 
Gulosc,    29 


Gum,    animal,    from     chltln, 

326 
Gum    arable,   59 

colloidal    solution    of,    221 
Gum.     in     animal     amylase, 
3.30 
in   invertin,   330 
in   malt   diastase,   330 
Gums,    lU,   58-50 
Gun  cotton,   59 
Guodang  wax,   81 
Gunning's      iodoform       test, 

1073 
Gunzberg    reagent    for    free 

UCl,  367,  371,  974 
Gynesin,  in  urine,   747 

Hair,   dog,   composition,    144 
Ilammarsten's  bilirubin  reac- 
tion,   984 
Harding   and   Uuttan.   aceto- 
acetic      acid      detection, 
1074 
Harvey   ind    Bcnsley's   work 

on    IIOl  secretion,   373 
Hayem    and    Winter    meihod 

for    UCl,    970 
Ilayem's    solution    for    blood 

corpuscles,    'Ml 
Hay's    test   for   bile   salts    in 

urine,   1070 
Heart    muscle,    glycogen   in, 

603 
Heat   coagulation    of   amino- 
myelin,  077 
Heat,  animal,  269-27!) 
animal,    balance   uf,    282 
animal,   history   of  discov- 
ery of  cause.  2()1) 
animal  origin   of,   275 
animal,       product  ion       on 

various  diets,  282 
animal,  where  produced  in 

body,  274 
equivalents      of      various 

foods,    295 
liberated  in  swelling  proc- 
esses, 241 
Helkr's  protein  test.   1067 
Hemacytometer      of     Oliver. 

991 
Hemacytometer     of     Thoma- 
Zeiss,  990 
Hematic   acid,    formula,    415, 

410 
Ilpmatin,  formula  and  prop- 
erties. .100 
spectrum.    403 
Hematocrit  method,  992 
llematogen,    317 
Ilpmatoporphvrin,  acid,  1003 
alkaline,   1004 
formula     and     properties, 

415,   500,   507.  1003 
physiological  action,  422 
spectra.   -193.    507 
Hemibilirubin.  417 
Hemicellulose.  51,  59 
Hemln,  506,  507 
crystals.    1003 
Hemochromogen,  508 
practical  work   on.  1003 
spectrum,   493 
spectrum     and     formation. 
1003 
TTpmochromoproteins.   155 
Hemoc.vanin,    113 

composition.    144.    .500 
Hemoglobin,     carbonyl,     140 

chemistrv  of.  499 
Hemoglobin,    composition    of 
ox,  110.   139 
crystalline    form    of    vari- 
ous,  500 


Hemoglobin,      crystallization 
of,  997 
definition,   113 
derivatives,    spectra,   prac- 
tical   work,    1001 
determination    of    amount, 

922,  993 
determination,        Tallgvlst 

method,  992 
dissociation    of,    influence 

o^   salts,    484 
evolution  of,  491,  499 
in    muscle   and   lower   ani- 

mald,  492 
molecular  weight,  140 
nature  of  union  with  oxy- 
gen,  483 
relation  to  development  of 

nervous    system,    500 
spectra    of    various    com- 
pounds   of,    493,    505 
transformation  to  bile  pig- 
ments, 419 
union      with     anesthetics, 

495 
union  with  stroma  of  cor- 
puscles, 490 
Hemoglobinometer  of  Oliver, 

993 
Hemolysis ;     see    Laking    of 

blood 
Ilemopbilia,   517 
llemopyrrol,  415 
llpmp  seed,  amylase,  330 
llemp-seed    oil,    iodine    num- 
ber, 70 
Henderson   and    Palmer,   hy- 
drogen Ion  method,  1122 
Ilppatothrombln,   533 
Heptose,       formation       from 
hexose,  42 
in  urine,  30 
Herring    oil,   iodine    number, 
71 
sperm    heads    composition, 

178 

sperm,    protamine    in,    128 

llcrzig    and    Meyer    method 

for    methyl    groups.     99 

Ilptoro-cydic   amino-acids    in 

proteins,   118 
Heteroproteose,   361 
llexahydromethylene ;         see 

Inosite 
Hexone  bases,  131 
Hexoses,     decomposition     by 
acids,  35 
diffprputiation    from    pen- 

tflses,    35 
in    nucleic   acid,   169 
isomerism,   19-29 
osazones.   43 
oximes   42 

pyrimidine  glucosides,    168 
structural  formulas,  28,  29 
varieties  of,   19 
Hippocoprosterol.    87.    435 
Hippnric    acid.    741-746 
amount   in    urine   and    ori- 
gin. 743 
formula  and  properties,  742 
literature,  769 
method    of   isolation    from 

urine.    745.    1065 
quantitative         determina- 
tion. 74.5.  1099 
synthesis  in  kidney.  743 
Hirudin.  518 
Histamine.        formula.       394 

nee  Imidazylethyamine 
Histldine,  amount  In  various 
blood    proteins.    553 
amount     in     various     pro- 
teins. 128,  129 
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riistidine,     dicbloride,     crys- 
talline form,  119 
formula,  118 
in  carnosine,  610 
Histone,  of  birds'  corpuscles, 
179 
thymus,     amino-aclds     in, 
129 
Hlstones,  definition,  112 
Homogentisic  acid,  752,   813 

reaction  with  iron,  753 
Hoplsins-Cole  tryptophane  re- 
action,  148,  917 
Hopkins'    lactic    acid    reac- 
tion, 976 
work  on  growth,  822,  843 
Horbaczewski'B  work  on  uric 

acid,   730 
Hordein,     composition,     110, 

112,  129,   139 
Bordenine,  442 
Hormone,  derivation  of  word, 
348 
in  stomach,   348 
Horses'  foot  oil,  iodine  num- 
ber,   71 
T.     Hubl's     iodine     solution, 

909 
Bulls      of       milk      globules, 

310 
Bumic    acid,    from    hezoses, 

36 
Bumors,  cardinal  of  Bippoc- 

rates,  406 
Humus   formed  from   amlno- 

acids,   127 
Bunger,  cause  of,  342 
Bunter  and  Given's  work  on 
purine    nitrogen    distri- 
bution, 732 
Buppert-Cole     reaction      for 
bilirubin,  984 
Nakayama      reaction      for 
bile    pigments   in   urine, 
1077 
Bydantoic  acid,  741 
Bydantoine,    relation    to   al- 

lantolne,  741 
Hydrazones,   43 
Bydrobilirubin,   417 
Hydrochinon  acetic  acid,  752 

in  urine,  749 
Hydrogen   ions,   and  various 

indicators,  371 
Bydrocholesteroi,  85 
Bydrocbloric  add,  amount  in 
gastric   Juice,    357 
determination,   methods  In 

gastric  juice,  366 
free,  determined  by  Gflnz- 

berg  reagent,   367 
Id  sastric  juice,  practical, 

976 
in  gastric  juice,   variation 
in   disease,    366,   370 
in    stomach,    351 
in  stomach,  tbeofy  of  for- 
mation from  NH4CI,  374 
origin     In     stomach,     371- 
374 
Bydrocyanlc  acid,  relation  to 
purines,    165.    184 
relation     to     pyrlmidines, 

184 
strpncfth  and  conductivity, 

195 
from   xanthine,   167 
union      with      hemoglobin, 
495 
Hydrogel,    definition,    214 
Hydrcgenatlon      of      unsatu- 
rated fats,  71 
Hydrogen  Ions,  concentration 
of,    In    plasma,    469 


Hydrogen  ions,  concentration 
of,  in  bile,  407 
concentration  of,  in  blood, 

540,  545 
concentration    of,    in    pan- 
creatic   Juice,     390 ;     in 
intestinal    Juice,     387 
cencentratlon    of,    in    pro- 
toplasm,   47 
concentration  of,  in  saliva, 

322 

concentration,    of    various 

standard  solutions,   543- 

544,  1059,  1122 

determination     by     Gunz- 

berg,    reagent,    367,   368 

determination,     gas     chain 

method,   540,    1051 
determination,        indicator 

method,  542,   1122 
favorable        concentration 
for     salivary     digestion, 
331 
in  stomach   contents,   357, 

367 
of  pure  gastric  Juice,   hu- 
man, 346 
optimum   for   pepsin,    356, 

358 
optimum       for       steapsln, 
397 
Hydrogen     number    of    fats 

and  oils,   71 
Hydrogen    peroxide,    formed 
in   oxidations,   260 
formed   in    starch   synthe- 
sis,   47-48 
In   vital   oxidations,   762 
Hydrogen,        solubility        in 

serum,  475 
Hydrolysis,    by    pepsin,    364 
definition,  9 
FMsber's  method,   127 
of  polypeptides  by  trypsin, 

403 
of  polypeptides  by  various 

proteases,    404 
of    proteins,    116 
Hydrone,   191 
Hydrophll  colloids.  229 
Hydrosol,    definition,    214 
Hydroxy-amino  propionic 

acid,  114 
Hydroxybutyric  acid.  In  dia- 
betes, 781 
in  urine,   759,   760,   1116 
see    also    Oxybutyric    acid 
Hydroxyl      ions,      in     blood 
serum,  247 
in  pancreatic  Juice,  390 
In   water,   73 
Hydroxypentacosanic       acid, 

578 
Hyochollc  acid,  430 
Hyoglycoeholic    acid,    432 
Hypaphorine,   442 
Hyperglycemias.   779 
Hypertonic    solutions.    206 
Hypobromlte      determination 

of   urea.   1090 
Hypoglycemia     after     phlor- 

hlzln,  795 
Hypophysis,  643-653 
acromegaly,   645 
and  dwarfs,   645 
and   growth,   646 
and  sexual   organs,  646 
effects  of  feeding.  649 
extirpation  and  persistence 

of  thymus,  648 
extirpation,  effect  on  geni- 
tals, 649-850 
extirpation,    effect    on    ni- 
trogen   metabolism,    647 


Hypophysis,    extirpation    of, 
results,   647 

phylogeny,      history      and 
morphology,  644-645 

pituitrine,         composition, 
652  41. 

posterior    lobe,    action    of, 
651 

relation  to  adrenaline,  648 

structure   of,   643 
Hypotonicity  and  laking,  996 
Ilyptonic   solutions,    206 
Hypoxanthine,  azo  compound, 
167 

color    reaction,    167 

does    not   give    Weidel   re- 
action, 167 

formula      and      properties, 
167, 

from   adenine  by   adenase, 
166 

from  brain,  581 

from  inosinic  acid,  172 

in  muscle,  611 

in  urine,  721 

preparation      from      meat, 
959 
Hypoxanthine     picrate,     167 
Hypoxanthine   silver  nitrate, 
167 

transformation      to      xan- 
thine,  731 

Icterus,  407 

Icthulin,  113 

I  dose,    29 

Imbibition ;    see    Swelling 

Imidazole  synthesis  from 
ammonia  and  carbohy- 
drates, 185 

Imldazolyl  carbonic  acid, 
185 

Imidazolylacetic  acid,   747 

Imidazolylacrylic   acid,   747 

Imidazolyl-ethyl  amine ;  see 
Imidazyl-ethyl  amine 

Imidazyl-ethyl   amine,   441 
and  secretin,  394 
physiological    action,    442 

Imino   group,    definition,   137 
in    protein    molecule,    137, 
144 

Immunity  and  protective  en- 
zymes, 550 

Indican   in    urine,    detection, 
1066 
Jafffis  test  for,  1066 

Indican,  of  urine,  749 

op  urine,  amount  per  day, 
750 

Indicator  method  for  H  ions, 
542 

Indicators.  H  ion  concentra- 
tion   of,    color    change, 
371,    546 
table   of,   Salm's,    546 

Indigo   blue,    amount   in   hu- 
man  urine,   751 
formula.   750 

Indole  acetic  acid.  440 

Indole,    color    reaction.    150, 
987 
formation      from      trypto- 
phane, 441 
formula,    441 
preparation,    987 

Tndole-ethyl    amine,    442 

Indole  propionic  acid,  from 
tryptophane.  440 

Tndoxyl,   750 

Inductance,    69 

Infantilism  and  hypophysis, 
650 

Inogen,  625,  631 
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Inosine,    172,    ei2 

hydrolase,  732 
Inosinlc    acid,    171,    612 
Inosite,  fate  in  body,  613 
formula  in  brain,  582 
In   muscle,    612 
Inosite,  in  urine,   612 
Insect   wax,    iodine    number, 

71 
Intermediary         metabolism, 

method  of  study,  819 
Internal  pressure  of  liquids, 
23 
pressure  of  salt  solutions, 
198 
Internal    secretion,    of    mus- 
cle, 616 
oS   pancreas,    782 
pancreatic     and     isles     of 

Langerhans,    785 
see    Cryptorrbetic    tissues 
Interstitial      hepatitis      and 

urea,   699 
Intestinal    digestion,    387 
bacterial  decomposition  in, 

437 
character    of    contents    at 
end   of    small    intestine, 
438 
erepsin    in,    403 
gases  in,  440 
in  stomach,  381 
invertin   in,    388 
pepsin  in,  365 
practical    work,    983 
time   of    passage   of   food, 
438 
Intestinal  gases,  440 
Intestinal    mucosa,   ammonia 
in,   454 
content    of    chlorine.    372 
sensitivity   to   lack   of   O2, 
694 
Intestinal    putrefaction,    and 
arterial   sclerosis,   433 
bacteria,   438 
detection    by    indican'    of 

urine.    7.^0 
influence  of  bile,  413 
influence   on   skin,  444 
methods    of    reducing,    445 
susceptibility     to     disease, 

444 
of  tryptophane,   441 
practical  work,  987 
sulphur   compounds.   816 
Intestine,  excretion  of  mono- 
saccharides,  453 
small,  reaction  of  contents, 
438 
Inulin,   19,  49 

Inversion  coeflScient  of  vari- 
ous  acids,    196 
Inversion  of  cane  sugar,  55, 

886 
Invertin,   54,  55 
in  blood,  550 
in  duodenal  secretion,  388 
in  intestinal  mucosa,  388, 

983 
in  pancreas,  400 
Invert   sugar,   55-56 
Iodine  in  thyroid,  664 
Iodine  number,  definition,  70 
determination  of,  907 
of  cnorin,  96 
Iodine    numbers,    of    various 

fats  and  waxes,  70-71 
Iodine     reaction     of     cholic 

acid,  429 
Iodine    trichloride    solution, 

908 
Iodine   solution   of    v.    Hubl, 
909 


Iodine  solution  of  Wijs,  908 

Iodine-starch  reaction,  881 

Iodoform    test    for    acetone, 
1073 

Iodoform      test,      Gunning's, 
1073 

lodothyriu,    667 

Ionic  theory,  195 

Ionization,   of  carbobydrates, 
219 
of  colloids,  220 
of  glass,  219 
of  proteins,   153 

Ions,  definition,  193 

Iron  in  nucleus,  176 

Iron    reaction,    of    pyrocate- 
chol,  749 

Irreversible  gels,  230 

Irritability,    due    to    oxygen 
compound,    852 

Islets  of  Langerhans,  785 

Isoamyl  amine,  442 

Isobutyl-amlno-acetic       acid, 
117 

Isocholesterol,  81 
in   brain,  581 
in  wool  wax,   85 

Isocreatlnine,   609 

Isocyclic  amino  acids  in  pro- 
teins,   117 

Isodynamic    value    of    foods, 
296 

Isolectric  point  of   oxyhemo- 
globin,  503 

Iso-leucine,  formula,  117 

Iso-linolenic  acid,  65 

Isomaltose,   55 

Isomers,  definition,  19 

Isopropyl-amlno-acetic    acid, 
116 

Isopropyl  iodide,  575 

Tsosmotic  solutions,   206 

Isovaleric  acid,  64 

Jacobi's       method,        pepsin, 

quantitative,  967 
Jaffa's       creatine       reaction, 

1065 
Japan    wax,    iodine    number, 

71 
Jaundice ;  see  Icterus 
Jecorin,    100 

Ketose,   definition,   19 

from  an  aldose,  31-32,  44 
reaction,   881 
Eepbalin,    amino   ethyl   alco- 
hol  in,  575 
amino-oxy-butyric   acid   in, 

575 
auto-oxidation  of,  575 
bases  in,  574 
chloride,    574 
neurine  in,  574 
hydrolysis  of,  574 
preparation     from     brain, 

573 
properties,  574 
see  also  Cephalin 
serine  in,  575 
Kephalinie  acid,  573,  575 
Kephalyl      phosphoric     acid, 

574 
Kerasin,    100,    578 
Keratin,     composition,     112, 

129 
Ketostearic  acid,  72 
Kidneys,  creatine,  amount  in, 
709 
extirpation,   result  of,  694 

722 
morphology,  686 
perfusion    of,    695 
secretion ;   see  Urine 


Kidneys,    synthesis     of    hlp- 

purlc  acid  by,  743 
work  done  per  day,  689 
Kjeldahl  -  Gunning  -  Arnold 

method  for  nitrogen,  931 
Kjeldahl-Uunnlng,        method, 

composition     of     NaOH, 

NajS,   solution,   860 
Knapp  and  Sachsse  reaction 

tor  glucose,   876 
Koch      aSratlon      apparatus, 

1080 
Kossel-Neumann     method    of 

preparing    nucleic    acid, 

163 
[{lossel's    theory   of   proteins, 

133 
Koprosterol,    87 
Krinosin,  570,  580 
Kupfer  cells  of  liver,  420 
Kyrins,   136 

Laboratory  equipment,  858 

Laccase,  613 

Lactalbumln,        composition, 

139,  308 
Lactam   and   lactim   form   of 

uric  acid,  722 
Lactase.   56 

in  duodenal  secretion,  388 
in      pancreatic      secretion, 
400 
Lacteals,   451 
Lactic  acid,  19 
in   brain,    582 
in  muscle,  625 
in    stomach,    detection    of, 
076 
Lactose,  19 

action  of  alkali  on.  34 
adsorption      by      charcoal, 

1071 
amount  in  cow  and  human 

milk,  .306 
distinction  from  glucose  in 

urine,    1071   ' 
absorption  of,  453 
identification      in      urine, 

1072 
in  blood,   471 
in   urine,   758 
Munson  and  Walker  tables 

of  Cu  equivalent,  895 
mutarotatlon,   56 
osazone    melting   point,    43 
preparation  from  milk,  951 
properties  of,  56 
structural    formula,    57 
Lactosuria,   758 
Laking  of  blood,  497 

a  type  of  cell  stimulation, 

498 
by  anesthetics,   997 
practical  work  on,  996 
Lanolin,  80,  85 
Lanolin   alcohol,  81 
Lard.  63 

iodine  number,  71 
Lard  oil,  63 

Laurel  oil,  iodine  number,  71 
Laurie  acid,  in  butter,  64 
Lavoisier   and    animal    heat, 

4.  270 
Law  of  peptic  activity,  358- 

359 
Law    of    Schiitz    and    Boris- 
sow,  334 
Lecithin,    amount    in     milk. 

309 
Lecithin     CdClz,     properties, 

571 
Lecithin  chloride,  571 
Lecithin,  colloidal,  218 
derivation  of  word,  90 
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Lecithin,    discovery,    formula 
and  properties,  90-91 
gives     Pettenkofer's     reac- 
tion, 572 
hydrolysis,  01 
in  bile,  436 
in  brain,  570,  571-57.'! 
in  pepsin,  356 
possibly  a  polyphosphatlde, 

573 
preparation  of,   571 
properties,    97,    571-572 
separation     of    oleic    acid 
from,  572 
Lecitho-proteins,  113 
I^eecb     extract,     action     on 

blood,   518 
Legal's      acetone       reaction, 

1073 
Legumelin,   composition,    110 
Lcgumin,    composition.     110, 

129,  139 
Lcucemla      (Leucocythemia), 

464 
Leudnamide,      biuret      test, 

145 
Leucine,  amount  of,  in  vari- 
ous   proteins,    128,    129 
bacterial  decomposition  of, 

442 
formula,   117 
I,oucinlmide,   formula,   124 
Leucocytes,  Intravascular  in- 
jection,   effect    on    clot- 
ting, 528 
motility    of,    464 
■  number  in  blood,  464,  562 
relation  to   blood  clotting, 

526 
see  also  Blood,  corpuscles, 
while 
leucocythemia.  effect  on  uric 

acid  secretion,  730 
Leucoi:y(osls,    digestive,    454 
Leucothrombin,   535 
lyevulinic  acid,  formula,  35 
from  carbohydrates.  35,  885 
from   nucleic  acid,   164 
Levulose.  19,  49 

decomposition     by     alkali, 

30-34 
dissociation  of,  30 
properties.  40 
reduction    of.  41 
SellwanoCE's    reaction,    881 
Tjewisfienedict    method    for 

dextrose,   1023 
Llebermann-Burcbard  choles- 
terol reaction,  82,  914 
Llebermann,      protein      reac- 
tion,  149,  918 
I.,lfe.  definition,  3 

origin  of,   15 
Llgamentum    nuehffi,    compo- 
sition, 635 
Light,  sensitivity  to.  442 
Llgnoceric     acid,     64.     578, 

579 
Limonene.    79 
Llnkine:s  In  protein  molecule, 

1.35 
Lluolonic   acid,    iodine    num- 
ber, 71 
LIuoIenie  acid,  65 
Iso,  65 

auto-oxldatlon,  67 
from  kephalin,  71,  575 
l>i  nolle  acid.  65 
Idoine  number,  71 
Iso.  65 
LInolinIc  acid  ;  see  .Llnolenlc 

ncid 
Linseed   oil.   composition,   67 
iodine  number,   70 


Linseed  oil,  melting  point,  66 

respiration  of,  67 
Lipase,  in   blood,  550 

accelerated  by  bile,  411 

gastric,    3.50 

pancreatic,  395 

reversible  reaction  of.  255, 
452 
Lipins,    61-102 

acetyl  number,  74 

amino,   62 

amount  in  muscle,  602 

amount   in  tissues,  62 

classification,  61 

distribution    in    cells,    78 

glyco,  62 

in  bile,  436 

iodine  numbers,  70-71 

literature,   102 

of  brain  ;  see  Brain 

of     milk,     Importance     in 
diet,  309 

phospho,  62,  95,  96.  97 

properties    and    definition, 
61 

saponification,   72 

saponification  numbers,  73 

specific  gravities,  66 
Ijlpoids ;  see  Lipins 
Llpo-protelns,  113,  469 

amount   in   blood,  461 

see  also  Serum  globulin 
Litmus  as  indicator,   371 
IJver,    amount    of    Ammonia 
in,  702 

amount    of    creatinine    in, 
706 

arginase.    703 

corrosion    of,   effect  on   ni- 
trogen   excretion,    699 

destruction  of  red  corpus- 
cles In.  419 

detoxlcating  function,  699, 
702 

disease  of,  effect  on  urine, 
699 

Eck  fistula,  697 

extirpation  in  birds,  effect 
on  uric  add,  700 

extirpation     of,     in     birds 
419 

forms  urea,  696 

giyosenic  function,  773 

necrosis  of.  by  adrenaline, 
790 

necrosis     in      absence     of 
sugar,   700 

origin  of  bile  pigments,  418 

perfusion  and  urea  forma- 
tion, 696 

relation   to   fibrinogen   for- 
mation, 555 

relation    to    uric    acid    de- 
struction. 731 

removes      ammonia      from 
blood,    701 

rSie   in   sugar   metabolism, 
788 

transforms      creatine       to 
creatinine,   717 
Living   matter,    chemical    re- 
actions In,  8-11 

collodlal     constitution     of, 
11,  213 

combustions  in,  8 

composition,   12-14 

contains  Ions,   197 

difference   from    lifeless,   6 

distribution     of     pbospbo- 
liplns  In,  100 

energy  of,  6,  7,  276 

enzymes  In,  10 

fats  In,   78 

foam  structure  of,  213 


Living  matter,  general  prop- 
erties, 3-15 
organic   matter  in,   15 
organization  of,   11,   213 
origin   of,   15 

osmotic  pressure,  199    205 
phosphoric  acid  lu,  160 
pliysical  chemistry  of,  190- 

262 
possible    chemical    nature, 

256 
psyeliical  phenomena  of,  7 
reaction    of,    and    its   con- 
trol,  246-250 
result     of     destruction     of 

organization   of,   213 
role  of  nucleus,   159 
r51e   of   water   in,    190-192 
salts  in,   K!.    1!i:M!)7 
water,  amount  in,  13 
Liquid    crystals    of    iiliospiio- 

lipin.  97 
Lungs,    secretory    action    of, 
478 
water  secreted  per  day,  085 
Lupeose,    19,   52 
Lymph,  4.'>!> 
Lymphocytes,     influence    on 

clotting,  527 
[jyslne.    amount    in     various 
proteins,  128,  129 
formula    118 
Lyxose,  formula,  30 

Macallum's  method  for  chlo- 
rides  373 
Mace  butter,  04,   71 
Magnesium,  in  blood.  1037 
Magnesium  in  urine  757 
Magnet    resemblance    to    or- 
ganism, 266 
Maize    oil.    65 

iodine   number,   70 
Malic  acid.   33 
Malonamlde        relation        to 

biuret   test,   145 
Malonlc  acid.  33 
Malt   amylase.    ."',29 
Maltase.    in    duodenal    juice, 
38S 
glucosides  spilt   by,  54 
in   pancreas,   400 
in   saliva,    .334 
reversible  action  of,  255 
Malt   diastase ;   see   Amylase 
Malt    extract,    digestion    of 

starch  by.  327 
Maltose.  19.  30 
absorption,  453 
action    of    alkali    on,    34- 

.35 
from  starch,   327 
In  blood,  471 
properties  of,  57 
Mannitol,  41 
Mannoheptose,  10 
Mannose,  19 
hydrazone,   43 
structural    formula,   28 
Mass  action,  law  of,  252 
Mastication,    importance    in 

diuostion,    3.35 
McCoUum    and    Davis    work 

on   growth,  844 
Medullary  sheaths  of  nerves, 
composition     ani     func- 
tion, 567,  587 
Meigs'     method       for       milk 

analysis,   051 
Melanin   nitrogen   In   various 

proteins,  144 
Mellblose.   19.  54.  56 
Mellssyl  alcohol,  81 
Melitose,    19,   58 
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Melizitose,    19l 
Memory,     an    auto-catalysls, 
68 
in  linseed  oil,  68 
physical  basis  of,  69,    590 
Mendel   and    Osborne's   woi'k 

on  growth,  823,  844 
Menbadeo    oil,    Iodine    num- 
ber,  70 
Menthol,  79 

extreilon   of,   762 
iVIerca plans,    in    feces,    442, 

820 
Mercuric    acetate    precipita- 
tion of  amino-acids,  121 
Mesitylcne,  fate  in  body,  763 
Mesitylenic  acid,  763 
Mesityluric  acid,  763 
Meso-tartaric  acid,  22 
Mesoxalic   acid,    formula,    66 
Mesoxalylurea ;    see    Alloxan 
Metabolic     co-ordination     by 

blood.   510 
Metabolism,    balance    of    en- 
ergy  and   matter,   293 
carbohydrate,      glyoxalase, 

785 
carbohydrate,        historical, 

771 
carbohydrate,       pancreatic 

diabetef!,  781 
carbohydrate,        phlorhizin 

d  abetes,  778 
carbohydrate,    sugar   punc- 
ture, 772 
experiment  in  calorimeter, 

291 
in   fasting  833, 
of  body  as  whole,  771-851 
of  brain,  591,  594 
of    carbohydrates,    771-798 
of  milk  glands,  312 
of   muscle,   615,   623 
of  nerve  fibres,  588 
of    nerve    fibers    and    rela- 
tion   to    rate    of    trans- 
mission, 588 
of  proteins,  799-832 
of    substances    not    foods, 

761 
sulphur,  816 
under    various    conditions, 

833-857 
vitamines,  837 
Metaphosphoric    acid   In    nu- 
cleic  acid,   170 
Metbemoglobin,  503 

practical  work,  1001 
Methoxyfurfural,    32,    37 
Methvlation,  in  animals,  718- 
719 
of  pyridine,  tellurium,  etc., 
718 
Methylene    alinine,    121 
Methylene  blue,  reduction  by 

glucose.  876 
Methyl-ethyl     maleic     imide, 

41G 
Methyl   furfural   reaction  for 

cholosterol.  83 
Methyl     groups,     by     Herzig 
and    Meyer    method,    99 
Methyl       guanidine       acetic 

acid  ;  nee  Creatine 
Methyl  guanidine,   and  para- 
thyroidectomy, 656 
ingestion      no     effect      on 

creatine,  717 
in  muscle,  609 
in  parathyroidectomy,  656 
in  urine.  656,  746 
Methyl  hydantoic.  arid,  from 

creatine,   707 
Methyl-n-noDyl    ketone,    79 


Methyl  orange,  as  indicator, 

371 
Methyl-phenyl   hydrazine,   44 
Methyl    pyridine   chloride   in 

urine,   747 
Methyl   violet,   as   indicator, 

371 
Methoxyfurfural     from    hex- 

oses,  885 
Mett's   quantitative   determi- 
nation of  pepsin,  968 
Mett's    tubes,    for   measuring 
amylolytic   activity,   331 
Mett's   tubes   for   pepsin   ac- 
tivity, 359 
Microcbemical  determination, 
ammonia,   1093 
glucose     in     blood,     1021, 

1028,  1112,  1114 
urea,  B'olin,   1088 
uric  acid,  1098 
uric  acid  in  blood,  1030 
Microchemical     method,     for 
chlorides,  373 
for    protoplasmic    acidity, 

247 
urea,  by  urease,  1014, 1086, 

1087 
nitrogen,   1010,   1081 
Microchemical,  Prussian  blue 

reaction  for  acid,  373 
Miescher,    discovery    ofl    nu- 

clein,  160 
Migraine    and    food    poison- 
ing, 444 
Milk,   as   a   food   for   young, 
306 
ash    compared    with    body 

ash,  310 
asses',  314 
bacteria  in,  310 
casein,  SOS 
citric  acid  in,  310 
clotting   in    stomach,    849, 

376-380 
colostrum,  307 
coagulation       by       rennin, 
practical    work,    949-954 
coloring  matter  of,  310 
composition  of,  306 
enzymes  in,  313 
fat     by      Meigs'     method, 

951 
goats',  314 

hulls  of  globules,  310 
human  and  cows',  306 
inorganic    substances,    310 
laetalbumin.  309 
lipins   of,   309 
orotic  acid  in,  310 
proteins  of,  308 
purine  nitrogen  in,  310 
souring  of,  313 
unknown  organic  constitu- 
ents,   310 
various     kinds     of,     com- 
pared, 313 
Milk     glands,      composition, 
311 
metabolism.  312 
relation    to    copora    lutae, 

812 
relation  to  growth,  844 
Millon's    reaction,    146,    147, 

916 
Millon's    reagent,    directions 

for  making,  147 
Mingin,  in  urine,  747 
Mitcbondria     contain      pbos- 

pholiplns.  102,  585 
Molecular    form,    importance 

of.  20-22 
Molecular  weight  of  proteins, 
138-142 


Molecular     weight,     by     os- 
motic pressure,  140 
from  sulphur  content,   139 
Molisch    carbohydrate    reac- 
tion,   151.   877 
Molybdate-pnosphate  mixture 
of   Folin   and   Wu,   1022 
Mono-amino  dicarboxylic 

acids  in  proteins,  117 
Mono-amino     diphospbatides, 

96 
Mono-amino     monoearboxylic 
acids    in    proteins,    116 
Mono-amino       monophospba- 

tides,   573,   576 
Mononucleotides,  164,  171 
Monosaccharides,  acids 

formed  by  oxidation,  38 
Monosaccharides,      classifica- 
tion,  19 
decomposition  by  acids,  85- 

37 
decomposition  by  alkalies, 

30-34,  874 
dissociation,  30 
isomerism,   19-30 
oxidation  of,  88-40 
oximes,   42-43 
structural     formulas,     28, 

29,  30 
synthesis  in   plants,   44-46 
union  with  HCN,  42 
reduction  of  Barfoed's,   40 
reduction   of   Fehling's  so- 
lution,  38,  872 
synthesis     by     ultra-violet 
light,  45 
Moore's     carbohydrate    reac- 
tion,  871 
Moore's  test  for  sugars,  30-34 
Movements    by    surface    ten- 
sion, 209 
Mucic    acid,   from   galactose. 

41,  880 
Mucilages,  19 

Mucin,  composition  and  prep- 
aration, 326 
chemistry  of,  323 
in  bile,  437 
preparation    from     saliva, 

962 
reaction      with    'dlmethyl- 
aminobenzaldehyde,    326 
relation  to  cbitin,  325 
submaxillary,      110,     322, 

325 
tendon.  110,  322,  325 
Mucoid,  composition,  110,  324 
in    connective    tissue,    636 
preparation    from    tendon. 

326,  636 
relation  to  cartilage,  324 
sulphur   in,   325 
Muconic  acid,   from  benzene, 

815 
Mucosa  of  stomach,  ammonia 
in,  702 
chlorine  in.   372 
Murexide    reaction.    724 
for  uric  acid.  724.  1062 
given  by  cytosinc,  168 
Muscarine,  formula,  92 
Muscle,  acidity  of,  626 
amlno-acld  content  of  vari- 
ous  muscles.   608 
amount  of  lipins  in.  603 
autolytic  enzymes,   618 
carbohydrates    vs.    fat    as 

source  of  energy,  291 
carnic   acid.   613 
carnitine,  610 
carnosine,  610 
changes    on   activity,    620- 
622 
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Muscle,  chemistry  of,  600-633 
cblorine  in,  372 
clotting  of,  605 
creatine,  609,  708 
double   refraction,   607 
energy  metabolism  of,  620 
extractives,  608-613 
formative  metabolism,  616 
general  composition,  603 
glycocdll,  612 
glycogen   In.   620-622 
glycolysis,  622 
hypoxantbine    and    muscle 

work,    611 
ignotine,   6-10 
inorganic    constituents    of, 

614 
inosine,    612 
inosinic  acid,  612 
inosite,  612 

internal  secretion  of,  615 
lactic  acid,  role  of,  625 
lipins  of,  614 
literature,  632 
maintenance  of  neutrality, 

625 
mechanism   of  contraction, 

627 
metabolism,    creatine    and 

creatinine,    In,    719 
methylatlon  in,  718 
methyl  guanidine,  610 
myogen,   605 
myogen  fibrin,  605 
myoproteid,  606 
myosin,  604 
myostromin,    607 
mytmte,  613 
novaln,    611 
nucleoproteins    in    stroma, 

606 
oblitin,  611 
of  scallop,  amino-acids  in, 

129 
oxygen    consumption,     489 
phosphoearnic  acid,  613 
pbospbolipios,  606 
physical  consistence,  602 
proteins       extracted       by 

-NHjCI,   604 
proteins  of.  603-607 
purines.   610 
purine'nitrogen,  611 
rapidity     of     contraction, 

627 
rigor  of,  628 

smooth,  inorganic  constitu- 
ents, 615 
stroma    proteins,    606 
structure,   600 
succinic  acid  In,  614 
taurine  in,  611 
urea  in,  612 
xylose  In.  613 
Muscle  plasma,  604 
Muscle  stroma,  606 
Mustard,  active  principle  of, 

53 
oil,    53 
Muta  rotation,  49,  50 

of    levulose,    49 
Mutton,   tallow,   Iodine  num- 
ber, 71 
Myelin,     brain,     preparation 

and  properties,  576 
hrain,  571 
forms,  97,  574 
sheaths ;     see     Medullary 

sheaths 
Myogen  flbrin,  soluble,  605 
Myogen,      preparation      and 

properties,    604 
Myosan.   113 
Myosin    flbrin,   605 


Myosin     flbrin,     preparation 

and  properties,  604 
Myostromin,  607 
Myrcene,  79 
Myricyl    alcohol,    81 
Myristic  acid,  64 
Myronic  acid,  53 
iVlyrosin,  53 
Mytilite,  613 
Myxcedema,  659 

Naphthalene,  excretion,  761 
methylated  in  body,  717 
Naphthol-benzylamine,  44 
Naphthoresorcln,  Tollen's  re- 
action     tor      glycuronic 
acid,   1075 
Naphthoresorcln,  Tollen's  re- 
action for  pentoses,  880 
Narcosis,    effect    on    respira- 
tion, 594 
Nerve    cells,    consistence    of 
protoplasm    of,   585 
mitochondria  in,  585 
Nerve   fibers,    carbon  dioxide 
production,  593 
metabolism,  586,  593 
oxygen    consumption,    594 
Nervous  system  ;  see  Brain 
Neat's-foot   oil,    iodine    num- 
ber, 71 
Nesslerizing,   J013,   1083 
Nessler's  reagent,  1010,  1033, 

1084 
Neuberg  and  Bauschwerger's 
cholesterol    reaction,    83 
Neumann    method    for    pre- 
paring nucleic  acid,  163 
Neurine,   from   cepbalin,   574 
from  lecithin,  91.  572 
from   sphingomyelin,   578 
Neuroplastin,  584 
Neutral    fats,    crystallization 

of,  904 
Neutral   red,  as  Indicator  of 
protoplasmic       reaction, 
246 
Nickel   in  hydrogenized  fats, 

71 
Nicotinic    acid    in    beri-beri 

vitamine,  843 
NInhydrin    protein    reaction, 

150,  919 
Nissl  substance,  585 
Nitric  oxide  hemochromogen, 
508 
hemoglobin,  494 
Nitrlle   reaction  for  thyroid, 

663 
NItriles.    fate    in    body    of, 

764 
Nitrogen,   distribution   of,  in 
protein  molecule,  143 
in      urine,      microchemical 
quantitative  method, 

1081 
method,  of  detecting  In  or- 
ganic matter,  109 
non-protein.  In  blood,  1010, 

1023 
quantitative         determina- 
tion    of,     by     Kjeldahl- 
Gunnlng,    931 
equilibrium,   802 
Nitrogen    excretion,    not    In- 
creased      in       muscular 
work,   620 
by  skin,  686 
by   nrlne,   691 
distribution.      In      normal 
urine.   691 
Nitrogen     gas,     amount     In 
blood,   474 
table,    941 


Nitrogen    income    and   ontgo 

of  body,  292 
Nitroprusslde     reaction,     for 

acetone,  1073 
for  creatinine,  1065 
of  cysteine,  135,  151 
Nitrous     oxide     hemoglobin, 

494 
Nonylic  acid,  67 
Novaln,    610 
Nuclear  division ;  see  Caryo- 

klnesis 
Nuclear    membrane,    consist- 
ence, 158 
results  of  rupture,  180 
Nuclear  sap,  180 
changes  produced  in  cyto- 
plasm  by,   180 
relation     to     caryokinesis, 

180 
Nucleases,  731 
Nucleases,      distribution      in 

various  organs,  732 
Nuclease,  in  pancreatic  juice, 

405 
Nucleic  acid,  adenine  in,  166 
amount   in   thymus   gland, 

163- 
carbobydrate     radicle     of, 

169 
composition,  162-167 
decomposition  by  enzymes, 

732 
decomposition,  diagram  of, 

733 
decomposition  in  body,  731 
discovery  by  Altmann,  161 
distinction    from    pbospho- 

protelns,  174 
empirical  formula,  164 
ease      of      hydrolysis      of 

purines,   163 
formation  and  destruction 

of,   182 
from   brain,   585 
function   of,    1 75 
from  human  placenta,  164 
from  pancreas,   171 
guanylic    acid,    170.    171, 

173 
identity    In    different    nu- 
clei,   174-176 
in  chromatin,   162 
Inosinic  acid,  171 
levulinlc  acid,   from,   165 
location  in  cell,  173 
method      of      preparation, 

163 
physical       and       chemical 

properties,  163 
power  of  forming  gels,  158, 

163 
preparation  of,  from  yeast, 

893 
products   of   decomposition 

of,  164,  170 
purine  bases  in.  165-166 
pyrlmldlne  bases  In,  168 
quantitative  decomposition. 

169 
staining  properties  of,  176 
structural     formula.     170- 

171 
synthesis      of,    in    nuclei, 

182- 
thymus  nucleic   acid,    170, 

172 
trltlconuclelc  acid.  169 
xanthine      and      hypoxan- 

thlnp  from,  16fi 
.yeast  nucleic  acid,  169 
Nucleln,  113 

catabollsm,      enzymes     In, 

732 


INDEX 


1143 


Nacleln,       composition       of, 
161 

diet,    effect   on   purine   ex- 
cretion, 726 

digestion  by  pancreas,  405 

discovery  of,  160 

distinction       from       para- 
nuclein,  174 

from  milk  giands,   312 

from  salivary  glands,   336 

of  muscle  stroma,  C06 

metabolism ;     see     Purine 
metabolism 

separation  of,  method,  161 
Nueleoproteins,         definition, 

113 
Nucleoproteln ;   see   Nuclein 
Nucleo-histone,     composition, 

110,  113 
NIcleo-protamine,       Herring, 

composition,  110 
Nucleosides,  170 
Nucleotides,  164 
Nucleus,    absence    of    potas- 
sium in,   176 

anaerobic     respiration    of, 
182 

basic   constituents   of,   176 

chromatin  composition, 

162 

composition  of,  157-186 

contains  no  pbospboliplns, 
100,  162 

enzymes  in,  180-182 

from      birds      blood      cor- 
puscles, 179 

from   spermatozoa,  162 

function  of,  159 

histone  in,   179 

iron  in,  176 

method    of    obtaining    for 
chemical  analysis,  160 

morphology  of,   157 

nuclein   in,    161 

of  starfish  egg,  180 

physical  structure,   158 

rOle  in  muscle  contraction, 
627 

role  in  synthesis,  160 
Nutrition,  balance  of  energy 

and  matter  in,  292 
Ny  lander's   test   tor   glucose, 
876,   1070 

Obermayer's  indican  reaction, 

437 
Oblitin,   611 
Octodecyl   alcohol,   81 
(Edema  and  swelling,  239 
Oil  films,  thickness  of,  209 
Oil  of  bay,   79 
of  cardamom,   78 
of  cedar,   78 
of   cloves,   62 
of  peppermint,  78 
of     turpentine,     excretion, 

758 
of   wintergreen,    78 
Oils,  acetyl  number,  74 
drying,   61,   67 
essential,  62,  78-80 
fatty,  61,  62-66 
formed       from       carbohy- 
drates, 76-78 
infiuence     on     surface    ten- 
sion,  209 
iodine    numbers    of    vari- 
ous,   70-71 
■    location   in   cells,   78 
methods    of    identification, 

69-71 
ozonldes  of,  72 
physical   properties   of,   65 
rancidity   of,    67 


Oils,   Eeicbert-Meissl  number 
of,  74 
saponification    number    of, 

73,  909 
saponlficatiota  of,  72 
semi-drying,    61,    67 
specific  gravities  of,  66 
synthesis  of,  76-78 
tomperature    of    decompo- 
sition, 66 
Oily    substance,    from    brain, 

567 
Oleic    acid,    formula,    63,    67 
iodine  number,  71 
ozonide   of,   71 
properties  of,  65 
Oloin,  formula,  63 
melting    point,    70 
ozonide,  71 
Oleomargarine,    64 
nutritive  value,  64 
saponification  number,  74 
Oleo  oil,  64 
Olive  oil,  iodine  number,   70 

specific  gravity,  66 
Oliver's      hemoglobinometer, 
993 
hemacytometer        method, 
991 
Omasum,   338 
Orcln    reaction   for  pentoses, 

880 
Organism,    like    magnet,    266 
Ornithuric  acid,  742 
Orotic   acid,    in    milk,    310 
Orthonitro  toluene,  excretion 

of,   762 
Osazones,  43-44 

practical     directions      for, 
882 
Osmometer    of    Hiifner    and 

Gansser,     141 
Osmotic    pressure,    and    gas 
pressure,   200,  203 
Hartley's      freezing     point 

apparatus,  201 
calculation    from    freezing 

point,    201 
cause  of,  203 
definition,    199 
hematocrit  method,   206 
method     for      determining 
molecular    weight,     140- 
141 
method  of  determining,  of 

cells,  205 
of   blood,  547 
of  colloids,  243 
of    colloids,    method,    140, 

243 
of     hemoglobin      solution, 

142 
of   mammalian   corpuscles, 

206 
of   salt   solutions,    199-206 
of  sea  water,  201 
of  urine,  690 
of  various  sugar  solutions, 

200 
Pfefter's  osmometer,   198 
relation    to    concentration, 

200 
relation  to  freezing  point, 

200 
relation  to  number  of  par- 
ticles,   244 
relation     to     temperature, 

200,    203 
relation    to    vapor    pres- 
sure, 203 
r51e    in    vital    phenomena, 

199 
semipermeable   membranes, 
199 


Osmotic    pressure,    table    of, 
and   freezing   point,   201 
Osones,   38 

Osseo-albuminoid,   639 
Osseo-mucold,  639 
Ovalbumin,    amlno-acids    in, 
129 
amount  in  eggs,  815 
composition,    139 
Ovaries ;    see    Sexual    glands 
Ovoglobulin,  315 
Ovomucin,   315 
Ovomucoid,   315,  316 
Ovovitellin,  composition,  139 
properties   and   amount   in 
eggs,  316 
Oxalates,   infiuence   on    blood 

clotting,  520 
Oxalic    acid,    from    carbohy- 
drates,  33 
strength,  conductivity, 

etc.,  195 
Oxamide,   formula,  860 
Ox    bile,   425 
Oxidase,    in    saliva,    335 
Oxidase     reaction,     with     p- 

phenylendiamlne,    335 
Oxidases,    various    kinds    in 

cells,  68 
Oxidation,  in  body,  762,  850 
Oxidation    of    cells,    reduced 

by  acid,   248 
Oxidation,    physical     chemis- 
try of,  256-261 
Oximes,   42 
Oxonium  salts,  36 
Ox  meat,  composition,  603 

608 
Oxyacetone,  formula,  31 
Oxyamino    butyric    acid,    in 

phospholipins,    100 
Oxybutyrlc  acid,  75 

detection  in  urine,  1074 
Oxycholesterol,   83 
in  vernix  caseosa.  85 
reaction,   Lifschiitz,   83 
Oxycrotonic  acid,  75 
Oxydiamine  pyrimidine.  184 
Oxyethyl  amine  in   cepbaiin, 

100,    573 
Oxygen,     amount     in     blood, 
473 
consumption,      by      brain, 

594 
consumption,      by      nerve 

fibers,  594 
consumption,     by     various 

tissues,    489,    490 
consumption    oP    men    at 
rest,  digesting,  etc.,  273 
292 
consumption      of      muscle, 

336 
consumption,    of    salivary 

glands,   336 
electrical     phenomena     of, 

257-258 
extra    valences    on.    191 
meaning  of  word,  270 
oxidizing  power   of,   258 
solubility   in    serum,   475 
Oxyhemoglobin,       absorption 
bands,   503 
composition,  139,  144,  504 
crystalline    form    tif.    -lOl 
crystals       of,       properties, 

.')02 
dissociation,     influence    of 
salts,       acid,       alkalies, 
CO2  on,   484-487 
dissociation    of,    biological 

Importance,   489 
dissociation     of,     influence 
of   various   factors,    488 
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Oxyhemoglobin,        Isoelectric 
point,  503 
method     of     crystallizing, 

500 
molecular  weight,  139.  140, 

485 
nature  of,  483 
nitrogen  in,  by  Van  Slyke, 

144 
properties  o(,  503 
quantitative         determina- 
tion, 503 
■spectrum,   493,  505,   999 
temperature    coefficient    of 
reduction,    483 
Oxyphydratrople  acid,  53 
Oxylic  acid,  310 
Oxymandellc   acid,    in    urine, 

752 
Oxyntic     cells     of     stomach, 

353 
Oxyphenyl    acetic   acid,    749, 

752 
Oxyphenyl-ethyl    amine,    for- 

muJa,    676,    7')9 
Oxyphenyl  glycolie  acid,  752 
Oxyphenyl  propionic  acid,  in 

urine,  752 
Oxyproteic    acid,     in     urine, 

746 
Oxyquinolines,    excretion    of, 

762 
Oxystcaric  acid,  72 
Oxytrlmethyl  -  butyrobetalne, 

92 
Ozonides    of    oleic    add    and 
olive  oil,  71,  72 

Painting,    chemistry    of,    67 
resemblance  to  metabolism, 

67-68 
Palmltin,   63 

melting  point,  70 
Palmitic    add,    62,    64 
Palm  kernel     oil,      Relchert- 

MeissI  number,   74 
saponiticatlon    number,    71 
Palm   oil.   Iodine  number,  71 
saponification    number,    74 
Pancreas,     amount     of     am- 
monia in,  702 
anitlglyoxalase  In,   785 
control  of  secretion  of,  391 
digestive    function,   discov- 
ery of,  394 
Internal     secretion  of,  7S2 
literature  on,  449 
morphology  of,   390 
relation     to     carbohydrate 

metabolism,  781 
Pancreatic  juice,  389-406 
action     on     carbohydrates, 

398 
action  on  nuclelns,  406 
action  on  proteins,  400 
amylopsin,  398,  979 
composition      of      human, 

389 
digestive    action    on    fats, 

394,  978 
freezing    point   of,    389 
general      properties,      389- 

390 
hydroxyl  Ions   In,   390 
Influence  of   bile   on,   411, 

981 
loss  of  power  on  dialysis, 

399 
method    of    obtaining    for 

examination  (BoldyreCf), 

406 
nuclease  in,  405 
practical    work    on,    977- 

983 


Pancreatic  juice,  relation  to 
intCiitinal  juice,  401 
secretion   of,    391 
summary    of    actions,    406 
I'aiacasein,  -376 
I'aracresol,      from      tyrosine, 

•141 
I'aramyelin,  576 
I'aramjelin     cadmium     chlo- 
ride,   576 
I'aramyelin   from   brain,   570 
i'ara-oxyphenyl    acetic    acid, 

441 
l'arathyroidect6my,    655 
phosphorus     excretion     In, 
755 
Parathyroids,  chemistry.  654 

relation    to    teeth,    656 
Parathyroid   tetany,  655 
influence    of    alkalies,    cal- 
cium, etc.,  on,  655 
influence     of     bone    injury 

on,  65? 
methyl-guanidine  In,  056 
Parietal    cells    of     stomach, 
alkaline,  .373 
secretion,  354 
Pasteur,  discovery  of  molec 

ular  form.  20 
Pathological  constitutents  of 

urine,  757 
Paunch  ;  «ee  IJumen 
Peach-kernel  oil.  Iodine  num- 
ber,   70 
Pellagra,    844 
Pcntacosanlc       acid,       from 

sphingomyelin,  578 
Pontametbylencdiamine,     442 

in  urine,  747 
Pentose,  from  .veast.   169 
Pentose     reaction,     practical 

directions  for,  879 
Pentoses,   from   nucleic  acid, 
104.    109 
In  urine,  759 
Isomerism,    29 
kinds  of,  19 
occurrence,  30 
structural  formulas,  30 
Pentosldes,   171,   172 
Pentosuria.   758 
Pepper,   53 

Pepsin,      artificial      polypep- 
tides   not    digested    by, 
362 
character    of    Unkings    at- 
tacked by.  362 
conditions  of  action.  357 
determination   of,  .lacoby's 

method,  967 
determination     of,     Mett's 

method,  968 
discovery  and   name,  349 
fate       of,      in      Intestine, 

365 
hydrolysis   of  proteins  by, 

361 
In  embryonic  development, 

356 
In   urine,    365 
law  of   action,   358 
method   of   obtaining,    355 
nature  of.  354,  355 
optimum   H   ion,   357,   367 
relation  to  rennin,  377 
salmln    not    digested    by, 
362  I 

sensitivity  to  alkalies,  3.52  ; 
sensitivity  to  CO,.  352        | 
unites  with  substrate,  3.57 
varies  In  different  animals,  I 
3.56 
Pepsinogen.  351 
destroyed  by   COi,   352       ' 


Pepsinogen,    difference    from 
pepsin,  352-353 
practical    work    on,    965 
Peptic  digestion  of  proteins, 
360 
energy    of    transformation, 
365 
I'eptides,    delinition,    114 
formula   of,   132 
in    urine,   746 
I'cptone  blood,  517 
IVptonc,  definition,  114 

in    gastric    digestion,    361 
Peptone  plasma,  517 
Peptone,  properties,   897 
Witte's,   digestion  by    pep- 
sin, 364 
I'ercin,    amino-acids    in,    128 
i'crfusion    met  hod.  095 
Permeability   of  cells,   101 
Perspiration,      amount      per 
day,  686 
niirogen   in,   per   day,   294 
urea  in.  694 
I'citenkofer's     reaction,     bile 
salts,  424,  985 
by  amido  myelin,  577 
by  cephalin,  574 
l)y    lecithin,    572 
by  myelin,  576 
Pliaseolin,   composit'on,    110 
Phenol,  in  urine,  748 

origin    from    tyrosine,    749 
Phenolpbthalein,      as      indi- 
cator, 371 
Phenyl  acetaldehyde,  fate  in 

body,  763.  814 
Phenyi-a  lactic  acid,   fate  in 

body.  814 
Phenyl     amino    acetic     acid, 

fate  in  body,  814 
Phenylalanine,      amount      in 
various    proteins,    129 
formula,'  117 
Phenyl  /3 -alanine,      fate      In 

body,  814 
Pbenylcinnamic  acid,  fate  in 

body.  763,  814 
Phenyl     ethyl    alcohol,    fate 

In  body,  763,  814 
Phenyl   ethyl    amine,    442 
Phenyl    glucosazone,    proper- 
ties, 43 
PhenyOiydi-azine,      condensa- 
tion   with    sugars,    882 
Phenyl  bydroxypropionie 

acid,  fate  in   body.  763 
814 
Phenyl    osazones,    properties, 

43 
Phenyl  pyruvic  add,  fate  in 

body.  814 
Phenyl  serine,  fate  in  body, 

76.^  814 
Phloretin,  53 

Phlorhlzln,     composition     of, 
53 
derivation  of  word,  795 
giucosuria,   758,  776,   795 
method    of    administering, 
776    . 
Phloroglucln     reaction,     Tol- 

len's,  879 
Photosyntliesls,  44 
Phosphates,    total    in    urine, 
determination   of,   1109 
Phosphatides ;    see    Phospho- 

Uplns 
Phosphocarnic  acid,  618 
Phosphollpln ;        see        also 
lieclthin,  Cephalin, 

Myelin,       Pharamyeleln, 
Sphingomyelin 
FhoaphoUpins,  62,  88 
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Pbospholipins,  absent  In  nu- 
cleic of  sperm,  162 
bases  in,  100 

classification     of,     62,     89 
definition,   88 
functions  of,  98,  99 
hemolysis  by,   99 
hjflrolysls,  03-94,  99 
tn   bile,  435 

in    blood    platelets,    467 
in  butter,   64 
in    fibrin    and    fibrinogen, 

525 
in  milk,  amount  and  kind, 

309 
in  muscles,  614 
in  natural  oils,  64 
method    of    extraction,    89 
physical       and       chemical 

properties,  97 
preparation        of,        from 

brain,  912 
separation       from       brain 

method,    568,    912 
solubilities.   88 
staining  reactions,   101 
Fhosphonuclease,    731 
Phosphoproteins,      definition, 
113 
hydrolysis     of     phosphoric 
acid    from,     by     alkali, 
174 
in  bile,   437 

location    in    cell    of,    156, 
174 
Phosphoric    acid,    control    of 
cell  activity,  249 
determination     Pembertoh- 

Neumann,  933 
in  enzymes,  330 
in  gums,  59 

in  living  matter,  160,  183 
in   nucleic  acid,.  164 
in  starch,  58 
inversion      coefficient,      of, 

195 
organic,    test   for,   913 
rOle     in     HCl     formation, 
375 
Phosphorus    excretion,    after 
parathyroidectomy,     755 
dependence  on  diet,  756 
variation       with      disease, 
etc.,  755 
Phosphorus,     importance     in 
brain,    595 
in   feces,   755 
in  urine,  amount,  758 
poisoning,       secretion      of 
amino-acids  in,  742,  746 
Phrenosin,  570,  578 
Phrenosinic    acid;    see   Cere- 

bronic  acid 
Phrenosterol,  570 
Phyeocyan,    48,    113,    155 
Phycoerythrin,  48,   113,   155, 

156 
Phyllocyan,  423 
Phylloerythrin,    418 
Phylloporphyrin,  423 
Phyllopyrrol,  formula,  415 
Physetoleic   acid,   65 
Physical    chemistry    of    pro- 
toplasm, 190-262 
of  oxidation,  256 
Phytin.  formula,  613 
Phytosterol,  formula,  87 

from  soil,  82 
Picramic    acid,    rorrauia,    41 
Picrate    method    of     prepar- 
ing      creatinine       from 
urine,   1095 
Picric  acid,  formula,  41 
reagent,  Esbach's  1069 


Pigmonts,    of   bile :   see.  Bile 

filgmenis 
nary,    7Gri 
Pike  purch  piolamine,  amlno- 

aclds,    12S 
Pineal     gland,     influence    on 
growth,   sexual    develop- 
ment,  etc.,   679 
Plnene,.79 

I'iperazine,  formula,  124 
nuclei,  in  proteins,  124 
Pisan  alcohol,  81 
Pituitrine,     composition     of, 

652 
Plant    proteins,    composition, 

table,   110 
Plasmolysis,    method    of    de- 
termining  osmotic   pres- 
sure, 205 
I^latelets       of      blood ;       see 

Blood    platelets 
Plattner's   bile,   424,    985 
Poison,    definition    of,    301 
Polariscope,     description     of, 

26-28 
Polynucleotides,        definition, 

164 
Polysaccharides,   action  of 
acids  on,   37-38 
classification   of,   19 
colloidal,   19,  58 
digestion  of,  326,  440,  398 
formation  of,  58 
not    hydrolysed    by    alkali, 

887 
properties  of,  58 
Populin,  53 

Potassium,       absent        from 
nucleus,   176 
distribution  of.  In  various 

cells,  14 
distribution      by      surface 
tension  in  Acineta,   242 
In  blood.   1040 
in    lecithin,    572 
in  myelin,  574 
Potatoes,  amylase  In,   329 

composition   of,  305 
Pneumonia,       influence       on 
chloride   excretion,   756 
Polyfistula   dog,    of    London, 

455 
Polyneuritis,  of  birds,  841 
Polypeptide,  formula,  graphic 

of,  132 
Polypeptides,    artiflclal,     not 
digested  by  pepsin,  136, 
362 
definition,    114 
digested      by       pancreatic 
Juice,  404 
Posterior    lobe    of    hypophy- 
sis, 651 
Practical  work  and  methods, 

858-1124 
Precipitating      reactions      of 

proteins,  152 
Precipitation,   of  colloids   by 

salts,  223-228 
Pregnancy,    diagnosis   of,   by 

enzymes,  550 
Primary  protein   derivatives, 

113 
Protamines,  definition  of,  112 
Proline,    amount    In    various 
proteins,    129 
formula,  118 
no      reaction     with      nin- 

hydrin,  150 
origin  from  glutamic  acid, 
124 
Prosthetic    group,     definition 
of.  113 
of  mucoid,  324 


Protagon.    569,    5S0 
ProtalbamoSB ;       see       Pro- 

toproteose 
Protamine     nucleate,      from 

herring  sperm,  178 
I'rotacaine,     reversible     syn-         ^.- 
thesis     of,     by     trypsin,       /f 
255  ^ 

Protamines,    amino-acids    in^ 
various,  128  .^ 

composition     and     proper- 
ties, 177 

definition,  112 

origin   of  name,   177 

method  of  extraction  from 
sperm,    177 

tripeptide     structure       of, 
136 
Proteans,   113 
Protease,  361 

in  blood,  538,  550 

in       blood      plates,      538, 
550 
Protein,    amount  needed   per 
day,  800 

Bence-Jones,    757 

catabolism   of,  807 
Protein    ingestion,    increased 
heat       production       by, 
806 
Protein    metabolism,  799-831 

amount   of  protein  needed 
per  day,  800 

catabolism,  807 

catabolism       of      tyrosine, 
812 

heat  production  by,  806 

bomogentisic  acid,  812 

is  minimum  protein  desir- 
able?    804 

kind  of  protein  Important, 
803 

literature  of,  825 

low  protein,   Fletcher,  800 

nitrogen   minimum,   804 

course     of     oxidation     of 
amino-acids,  809 

oxidation         of        benzene 
nucleus,  815 

protein    sparing   by   carbo- 
hydrates and  fat,  802 
834 

sulphur  metabolism,  816 

synthesis    of    amino-acids, 
822 
Protein     sparing     action     of 
carbohydrates   and   fats, 
802,  834 
Proteins,  104-189 

absorption  of,  453-455 

acid  combining  powers  of, 
137 

Adamkiewicz    reaction    of, 
148 

amino-acids  found  in,  114- 
118 

amounts  of  amino-acids  in 
various,  128,  129 

basic,  in  nucleus,  162 

biuret    reaction    of,    145 

chromo,   113 

classification,        American, 
112 

classification,  English,  114 

colloidal   nature  of,   110 

color  reactions  of,  144-151, 
915 

color   reactions    with   vari- 
ous aldeh.vdcs.  l.'iO 

composition,    109-110,    144 

composition.         determina- 
tion  of.    pratkal,   915 

con.iugated,  11.'^ 

crystalline,   106,   143 
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Proteins,  decomposition  prod- 
ucts of,  114-118 

deflnition,    111 

(terlved,   113 

alstrlbution      of     nitrogen 
In,    143 

electrical   charge  on  mole- 
cules of,    153 

formaldehyde  reaction 

(Acree),   149 

heat  coagulation    of,  921 

Hopkins-Cole    reaction    of, 
148 

in   protoplasm,   105 

in   seeds,   107 

In  urine,  757 

lecltho,    113 

Liebermann's    reaction    of, 
140 

lipo,   113 

living  and  dead,  104 

meaning  of  word,  104 

method  oii  extraction,  105- 
108 

Millon's  reaction  of,  146 

molecular   weight  of,    138- 
142 

Molisch    reaction  of,    151 

ninhydrin  reaction,  150 

nucleo,  113,  161,  166-183 

number  of  amino-acids   In 
molecule,    142 

number  of  free  amino  and 
carboxyl  groups  in,   137 

of  hlood,   469,   551,   561 

of  brain,   584 

of  brazil  nut,  107 

of  cytoplasm  and  nucleus, 
155,  162 

of  mills,  308 

of  muscle,  603 

of  smooth  muscle,  608 

origin    of,    186 

oxygen  compounds  of,  492 

pbospho,  113 

precipitation    reaction    of, 
152 

properties  of,  110-111 

putrefaction  of,  440 

racemization        by     alkali, 
125-126 

separation     by     fractional 
precipitation,  109 

simple,   112 

solubilities,  112,   113 

storage    of,    by   body,    805 

storage   of.   In   cells,    106- 
107 

structure  of,  130-132 

sulphur,  amount  of  In,  139 

sulphur,    detection    of    in, 
151 

synthesis  of,  133,  183 

triketohydrlndene  reac- 

tion, 150 

united  with  llplns,  469 

xantho     protelc     reaction, 
147 
Proteoses,    by    peptic    diges- 
tion,    361 
Proteolytic      enzymes ;      see 
Proteases,       E  r  e  p  s  I  n. 
Trypsin,  Pepsin 
Proteoses,   deflnition  of,   113 

deutero,    361,    929 

hetero,  361,  928 

primary,   361,   928 

secondary,    361,    929 

thio,  929 
Prothrombin.    527,    532,    533 
Protones,   136 
'  Protoplasm  ;  are  Living  mat- 
ter 

B  sel,   214,   233 


Protoplasm,  and  blood  plasm, 
^6 
an   emulsion,   234 
conception      of      chemical 

structure,    256 
control  oil  reaction  of,  246 
enucleate,  powers  of,  159 
osmotic  pressure  of,  205 
physical  chemistry  of,  190- 

262 
structure    of,   158,   234 
surface   films    In,    210 
chemistry  of,  157,  255-256 
Protoproteose,  361 
Prussian   blue  and   secretion 

of  add,   373 
Pseudoglobulln,  552 
Psychic    qualities    of    brain, 

basis  of,  597 
Psychism    of    molecules,   267 
Psychosln,  579 
Psylla  alcohol,  87 
Psylla  wax,  81 
Psyllostearyl  alcohol,   81 
Ptomaines,  441 

In  urine,  747 
Ptyalln,      amount      variable 
with  diet,  334 
composition,  329 
conditions  of  activity,  331, 

964 
dllference  from  amylopsin, 

399 
derivation   of  word,  328 
favorable      hydrogen      ion 

for,  331,  964 
inhibited    by    products    of 

digestion,  333 
law  of  velocity  of  action, 

333 
practical  work  on,  963 
time     of     appearance     in 

ontogeny,   334 
various  kinds  of,  334 
Purine    bases,    adenine,    166 
amount    excreted  In    vari- 
ous animals,  736 
chemistry    of,    165-168 
from  nucleic  acid,   164 
guanine,   chemistry,    165 
bypoxanthlne,   167 
of  muscle,  610 
possible      destruction       in 

body,   727 
products    of    oxidation    of. 

165 
guanltatlve  determina- 

tion,  1103 
reaction  with  cupric  salts 

and  blsulpbite,  167 
relative  amounts  In  differ- 
ent tissues,  174 
synthesis  of,  In  cells,  182, 

737 
xanthine,  167 
Purine  catabolism,  731 
Purine  coefljclent,  736 
Purine   metabolism   of   body, 

721-741 
Purine  nitrogen.  In  urinp.  736 

in  various  tissues,   736 
Purine  nuclease,  732 
Purine,     structural    formula 

of,  165 
Purpuric   acid,   possible   for- 
mula, 725 
Putrefaction,  intestinal,  437, 
749 
intestinal,   bacteria   In   in- 
testine. 438 
Intestinal  influpnce  of  bile 

on,  413 
intpstlnnl.  nt   tryptophane, 
441,    750 


Putresclne ;  see  Tetramethyl- 
enedlamlne 
in  urine,  746 
Pylorus  mucosa,  secretion  of 
HCI,    373 
stomach,   amount   of   chlo- 
rine  in,   372 
Pyridine,   methylation  of.  In 

body,   718 
Pyrimldine    bases,     cytosine, 
168 
In    nucleic   acid,    164,    168 
origin   of,    in    cells,    183 
thymine,    168 
uracil,    168 
Pyrimldine    glucosides,  .168 
Pyrocatechol,    In    urine    for- 
mula, 749 
iron  reaction  of,  749 
PyrroIIdon    carboxylic     acid. 

124 
Pyrrol   nuclei   in   hematopor- 

phyrln,  508 
Pyruvic    acid,    by    oxidation 

of  carbohydrates,  33 
Pyruvic    acid,    r81e    In    pro- 
tein synthesis,  186 
Pyruvic   aldehyde    from    car- 
bohydrates, 186 

Quantitative    determination, 
acetone      and      diacetic 
add,  Folln-Hart,  1118 
acetone,  diacetic  acid  and 
hydroxybutyrlc  acid. 

1115 
acetone,  Folin,   1115 
acidity  of  urine,  1122 
adrenaline,  1124 
allantoine,   urease   method, 

1100 
allantoine,         WIechowski, 

1101 
amino-adds,  after  removal 

1104 
amino-acids,   formal    meth- 
od, 1104 
amino  nitrogen.  Van  Slyke 

method,  935 
amino      nitrogen,      micro- 
chemical.      Van      Slyke, 
940 
ammonia,      Folln      macro- 
chemical,   1092 
ammonia       microchemical, 

1093 
calcium,  1039,  1108 
chlorides,    Vollhard,    1107 
conjugate    sulphates,    1106 
creatinine,       Polln,     1093, 

1017,  1026 
creatine,       Folln-Benedict, 

1017 
ethereal        sulphates        of 

urine,  Folln,  1096 
glucose,    Benedict,    110!) 
glucose,  Bertrand,  888 
glucose,       Bertrand       and 
Munson      and      Walker, 
891 
glucose  by  Bang.  1110 
glucose,  microchemical, 

Bang,  1112 
glucose,  Bang  mlcrocheml' 

cal  In  blood,  1114  , 
hippuric  acid,  1099 
hydrogen     Ions    In     urine, 

1122 
inorganic    and     total     snl 
phates.     volumetric 
method.  1106 
milk    fat.    Meigs'.    951 
of    nitro'jpn    Kjeldahl-Gan- 
uing,  931 
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Quantitative      determination, 

of  nitrogen,  microcliemi- 

cal,   1010,    1023,   1081 
urea,     Benedict's     metliod, 

1084 
of     urea,     by      ureometer, 

1090 
of        urea,        liypobromite 

method,    1090 
of      urea,      mlcrocliemieal, 

Folin,  1088 
of    urea,     urease     method, 

1086,  1087 
urea,    urease,    microchemi- 

cal,   1088,   1032.   1014 
phosphates      by      uranium 

acetate,  1109 
phosphoric  acid,  Neumann- 

Pemberton,  933 
saccliarose   in   urine,    1121 
purines    in    urine,    1103 
total    sulphates    of    urine, 

Foiin,    1105 
total     sulphur     of     urine, 

Benedict,    1106 
uric      acid,      Fdlin-Shaffer, 

1097 
uric    acid,    microcbemical, 

1098,    1019,    1030 
Quantitative  methods,  blood, 

1007-1059 
urine,    1078-1124 
Quince-oil  acid,  65 

Racemic  acid,  20,  22 
Racemized  casein  not  digest- 
ed,  403 
Raffinose,   action   of  invertin 
and  emulsin  on,  732 
nee    Melitose 
Rape  oil,  65 
iodine   number,  70 
saponification  number,  73 
Rapic  acid,  65 
Rattlesnake  fat,  iodine  num- 
ber,   71 
Reaction  of  protoplasm,  245- 

250 
Reductions  in  body,  764 

in   living  matter,  9 
Reductonovain,    747 
Refraction,  double,  of  myosin, 

607 
Regnault  and  Reiset,  279 
Rehfuss  tube,  972 
Reichert-Meissl    number,    74 
Rennin,  law  of  action,    379 
in     stomach,      349,      376- 

382 
practical     work     on,     960- 
971 
Rennin  time  law,  970 
Resorcin,     reaction    for    ke- 

toses,  881 
Respiration,     a     combustion, 
274 
anserobic,    relation   to   car- 
bohydrates,  41 
apparatus       of       Regnault 

and  Reiset,  279 
blood  gases,   473 
Respiration     calorimeter     of 
Rubner,  281 
Rosa  -  Atwater  -  Benedict, 
283 
Respiration,    consumption    of 
oxygen    by    various    tis- 
sues, 489 
exchange    In    the    tissues, 

489 
mechanism     of    in    lungs, 

478 
of  blood,  491 
of   brain,   586 


Respiration,  of  brain,  effects 
of  anesthetics  on,  594 
of  cell,  relation  to  nucleus, 

180 
of  nerve  fibers,  593 
of   tissues,   850 
physical  chemistry  of  oxi- 
dation, 256-261 
possible    role    of    oxidases 
in  respiratory  exchange, 
483 
reduced  by  acid,  247 
Respiratory    quotient,    278 
variation    with    th«    diet, 
280 
Reticulum    (Stomach),    338 
Keversible      action      of      en- 
zymes, 255 
Reversible  gels,  230 
Uhamnose,  formula,   17 

inglucosides,   53 
Rhizocbolic  acid,  from  cholic, 

430 
Ribonic    acid,    formula,   33 
Ribose,    19' 
in  muscle,  612 
in   nucleic  acid,   169,   171 
structural  formula,  SO 
Rice,     relation     to    beri-berl, 

839 
Ricinoleic    acid,    65,    72 
Rigor  mortis  of  muscle,  675 
Robert's  amylopsin  quantita- 
tive  method,    979 
Rosenheim   and    Drummond's 
volumetric  sulphate 

method,    1106 
Rosolic    acid     as     Indicator, 

371 
Rotation   of   polarized    light, 

25 
Rothera's     acetone     reaction, 

1073 
Rubner,   conservation   of   en- 
ergy law,  2S1 
Rubner  calorimeter,  281 
Rumen,  338 

Saccharic  acid,  from  nucleic 
acid,  169 
formula,   33 
Sacchrose,   19,  55 
absorption  of,  452 
in       urine,       quantitative, 

1121 
inversion    of   in  ,  intestine, 

388 
inversion    of    in    stomach, 

350 
properties  and  formula.  55 
quantitative        determina- 
tion in   urine,   1121 
synthesis  from  glucose  by 
alkali,    34 
Salicin.  53 
Salicylic      aldehyde    reaction 

for  acetone,  1074 
Sallgenin,    53 
Saliva,  320-336 
ash  in,  322 
chemistry    of    mucin,    323- 

325 
composition   of   mixed   hu- 
man, 322 
digestion  of  starch  by,  326 
digestive    action    of,    326- 

336 
enzymes    in,    other    than 

ptyalin,  334 
excretory     substances     in, 

335 
functions  of,   323 
H     ion     concentration    in, 
322 


Saliva,  Importance  of,  337 
physiology  of  secretion  of, 

320-322 
practical  work  on,  962-964 
ptyalin   in,   327-333 
reaction  of,  322 
sulphocyanate  in,   335 
Salivary    digestion,    326-330 

in  stomach,  382 
Salivary  glands,  composition 

and  metabolism,  335 
Salkowski,    cholesterol    reac- 
tion, 82,  911 
Salmin,  amino-acids  in,   128, 
129 
elementary  analysis,  177 
formula,  178 
tripeptide    structure,    136 
Salts,     action     on     dissocia- 
tion   of    oxyhemoglobin, 
488 
action    on    salivary  .diges- 
tion, 332  ' 
influence    of    solution    ten- 
sion    on      precipitating 
power  of,  228 
influence  of  valence  of,  on 

colloids,  224 
in    living   matter,    13 
inorganic,  of  brain,  583 
precipitation     of     colloids 

by,   224-228 
of    bile;    see   Bile   salts 
relation  to  blood   clotting, 
520 
Salt  solutions,  electrical  con- 
ductivity of,   193 
nature    of,    193 
anomalous  freezing  points, 

194 
internal    pressure    of,    198 
ionization  of,  194 
Salvelin,  amino-acids  in,  128 
Santalol.  80 
Sapogenin,   54 
Saponification,    of    fats,    72, 

73,  906 
Saponiflcation      number,     de- 
termination   of,    909 
fats  and  oils,  72-73 
Saponin,  taking  by,  997 
Sarcode,  4 

Sarco-lactic    acid,    626 
Sarcosine,    442 

relation  to  creatine,  707 
Sardine    oil,    iodine    number. 

71 
Scallop   muscle,    composition, 

608 
Scatole,    isolation    and    color 
reaction,  987 
from    tryptophane,    441 
Scatoxyl   sulphate,    751 
Schiff     cholesterol     reaction, 

83,  914 
Schiff's      reaction      for      uric 

acid,   1063 
Sclero     proteins,     definition, 

114 
Schiitz  and  Borissow,  law  of 
enzyme       action,       334, 
338 
Scombrin,      amino-acids      in, 

128 
Scurvy,   848 
Scymnol,   427 
Secretin,  391 

composition    and    prepara- 
tion, 394 
Secretion  a  syneresis,  234 
Selective  adsorption,  by  gela- 
tin, 239 
Seliwanoff's  reaction,  8Sl 
Semi-drying  oils,  67 
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SemipermeaDie  membranes, 
199 

Senility  and  Intestinal  pu- 
trefaction,  443 

Seralbumin ;  see  Serum  al- 
bumin 

Serglobulln ;  see  Serum 
globulin 

Serine,     amount    In    various 
proteins,  128,  120 
formula,   117 
in    pbospboliplns,    100 

Serum    albumin,    amount    In 
plasma,  551 
composition,  110,  139,  553 
orip^n   of,  553 
preparation  of,  "24 

Serum  flbrinogen,  469 

Serum    globulin,    amount    in 
plasma.  551 
preparation,    023 
properties,  552 

Sesame  oil,  iodine  number, 
70 

Sexual  diererence  In  metabo- 
lism,  712 

Sexual  glands,  internal  secre- 
tion, 678 

Schaffer  and  Marriott  meth- 
od, hydroxybutyric  acid 
and  acetone  In  urine, 
1119 

Sham   feeding,  343 

Shark-liver  oil,  iodine  num- 
ber. 71 

Siegfried  carbamino  reaction, 
121 

Silk.  India  tussa,  amlno-aclds 
In,  129 
Italian,      amino-acids.     In, 

129 
.Tapanese,    amino-acids    In, 
129 

Simple  proteins,  classifica- 
tion of,  112 

Sinalbln.    53 

Sinapinic  add,   53 

SInapin  sulphate,  53 

Sinlgrin,    53 

Sitosterol,  87 

Skin,     nitrogen    secreted    by, 
682 
water  secreted  by,  686 

Skunk,  n-butyl  mereaptan  In, 
820 

Smooth   muscle,   proteins  In, 
607 
Soap,   cleansing  action   of. 

222 
colloidal  nature,  222 

Soap   Alms,  thickness,  215 

Soaps,    72 
emulsifying  action  on  fats, 

222 
In  bile,  432 

Influence    on    surface    ten- 
sion, 209 

Sodium   in  blood,   1040 

Soja  bean,  iodine  number, 
70 

Soluble  starch,  328 

Solution  tension.  Influence 
on   precipitation,  228 

r.orblte,  41 

Sorbose,   19,   29 

Sflrenson  method,  amino- 
acids  in  urine,  1104 

SHrensen    titration,    of    pep- 
tic  hydrolysis,    363 
practical,  982 

Soy  bean,   urease,   1014 

Spallanzanl.  349 

Specific  heat  of  water  and 
Importance    in    life,    193 


Specific  rotatory  power,  25 
Spectra   of   blood  and   othei' 

pigments,  493 
Spectra  of  hemoglobin  deriv- 
atives, 493,  1003 
Spectrophotometer,  503 
Spectrum  of  oxyhemoglobin, 

505 
Spelgler's     reagent     for     al- 

bumose  in  urine,  1069 
Spermatozoa,    composition   of 
heads,   161,  162,  177 
free  from  nuclei,  160 
method  of  analysis,   161 
protamines  from,  128,  177 
Spermaceti,  62,  71,  80,  81 
Sperm     heads,     composition, 
178 
free      from      phosphollpin, 

100 
method  of  separating  from 
tails,   161 
Sperm  oil,  62,  80 

iodine  number,  71 
Sphjngol,  577 
Sphingomyelin,  570,  577 

lignocerlc  acid  from,   578 
Sphingomyellnic   acid,    577 
Sphingosin,  577.  579 
Spblngostearic  acid,  577 
Spongosterol,  87 
Stachydrine,   48,   442,   70S 
Stachyose,    19,    52 
Stains,     basic     and     nucleic 

acid,    176 
Stalagmometer     of      Traube, 

207,  208 
Starch,    19 

chemistry  of,  58 
digestion  by  pancreas,  398 
digestion    by    saliva,    326- 

336 
digestion  in  stomach,  335 
soluble,   58,   328 
Steapsin,   action  of   bile  on, 
396 
adsorption     of     by     filter, 

397 
coenzyme,    397 
conditions    of    action    of, 

395 
effect  of  bile  on,  981 
manner   of   action,   398 
optimum  hydrogen  Ion  con- 
centration, 327 
Stearic    add,    62,    63,    64 
Stearin,  63,   64,   66 
Stercobllln,   417 
Stercorin,     87,     434,     435 

influence    of    diet    on,    435 
Stereoisomers,  22 
Sterols,   62,    81 

table  of,  melting  points,  87 
Stlgmasterol,  87 
Stomach,  acidity  of  contents, 
366.  370 
appetite    secretion,    343 
bile  in,  382 

contents,    theory    of    titra- 
tion of  acidity,  370 
control    of    secretion,    gas- 
trin.   348 
digestion    In,    338-386 
digestion  of  carbohydrates 

in,  350 
digestion      of      fats      In, 

350 
digestion    of    proteins    In, 

351 
digestion,    practical    work. 

965-976 
fasting,    acidity   of,    367 
free   HCI  In.  367 
human,  general  physiology 


of,     Alexis     St.    Martin, 
339 
Stomach,  in  constipation,  341 
infiueuce  of  ardent  spirits 

on,  341 
intestinal       digestion      in, 

382 
lactic  acid  in,  975 
morphology  of,  338 
mucosa,    chlorine    In,    372 
nerves  of,  .345 
optimum  acidity,  367 
I'awlow   pouch,  MR,   344 
phenomena  of  secretion  in, 

340 

relation  of  amount  of  food 

and    amount     of     juice. 

345 

salivary    digestion   in.   382 

secretion  after  mechanical 

stimulation,  341 
secretion   of    HCI    in,   371- 

374 
see  also  Gastric  juice 
summary    of    digestion    in, 

382 
time  of  digestion.  340 
Sturine,  amino-acids  in,    128 
elementary      analysis      of, 
177 
St.vreoiene   glucosides,   53 
Stibmaxillary    gland,    oxygen 

consumption  of,  489 
Succinic    add,     from    brain, 
582 
in   muscle,   614 
Succinimide,  and  biuret  test, 

145 
Sucrose ;  see  Saccharose 
Sugar,  in  blood,  amount,  471 
Sugar  metabolism,   771 

literature.  797 
Sugar  puncture,   772 
Sugar    tolerance,    after    Eck 

fistula,  789 
Sugars,    excretion    In    intes- 
tine,  389 
Sulphates,  ethereal.  In  nrlne. 
754 
In   urine,   754 
of     urlnp.     determination, 
1105-1106 
Sulphatldes ;  see  Sulpbolipins 
Sulphocyanate  in  saliva.  335 
Sulphocyanate     solution, 
standardization    of,    908 
Sulpholiptns.    62,    570,    580 
Sulphur,    amount  in   various 
biles,   427 
amount    in     various     pro- 
teins,  139 
amount     of.     In     mucoids, 

324 
condition   of,   in   oxyhemo- 
globin.  504 
detection    of,    in    proteins, 

109,    151 
excretion      under    various 

conditions,  754 
Income  and  outgo  of  body. 

753 
In    urine,    753 
neutral,   of  urine.   754 
compounds      in      proteins, 
136 
Sulphuretted    hydrogen,    ac- 
tion   on    ptyalln    diges- 
tion, 332 
union      with      hemoglobin, 
495 
Sulpburic   acid,    conductivity 
and      Inverting      power, 
196 
In  mucin  and  mucoids,  325 
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Sunflower  oil,  Iodine  num- 
ber, 70 
Suppuration,  action  of,  on 
fibrin  content  of  blood, 
556 
Supra-renal  capsules,  adrena- 
line  in,    670 

amount  of  Upln  In,  62 

anatomy     and      histology, 
667 

chromafflne    tissue,    66S 

embryology,    669 

functions  of,   669 

oxygen      consumption      of, 
490 

relation  to  blood  pressure, 
670 

relation   to    emotions,    675 

relation    to    glycogen    and 
sugar     metabolism,     T7S 

results  of  extirpating,  C69 

Surface     film,     accumulation 

of  substance  in,  209,  210 

of  fat,  65 
Surface  Alms,  contractile  ac- 
Uon  of,  233 

in  gels,  232 
Surface    tension,    206-213 

adsorption,    241 

capillary    method     of     de- 
termining, 207 

drop   method   of   determin- 
ing, 207 

Influence  of  fats  and  soaps 
on,  209 

in  muscle  contraction,  630 

of    water    and    salt    solu- 
tions, 208 

relation  to  gels,  232 

relation  to  precipitation  of 
colloids,  226-227 

role  in  determining  distri- 
bution     of      cell      sub- 
stances, 242 
Suspensolds,    deSnItion,    217 
Sweet  oil,  specific  gravity  of, 

66 
Swelling,    and    muscle    con- 
traction, 628 

by  capillarity,  236 

by     molecular     imbibition, 
236 

by  osmosis,  236 

heat  set  free  by,  236,  241 

influence    of    salt    on,    238 

laws  of,  236 

nature  of  process,  239 

of  cellulose,  241 

of  fibrin  in  acid,   235 

processes     in     protoplasm, 
213,    234 

rate  of,   237 

various  Isinds  of,  236 
Synalbumose,  929 
Syneresis,    and   secretion   by 
protoplasm,  235 

of  gels,   233 
Synthesis,     dehydration,     in 
living  matter,  9,  10,  256 

in  fats,  76-78 
Syntliesis,     relation     to     nu- 
cleus,   160 
Syntonln,    360 

Tagatose,  fromula,  28 

Tallow,    63,    71 

Tallqvist    method    for   hemo- 
globin.   992 

Talose.    structural    formula, 
28 

Taraxasterol,   87 

Tariric   acid,    65 

stereoisomerism  in,   21,  22 

Tartaric  add,  22 


Tartronic  add,  33 
from  glyerol,  66 
from  uric  acid,  724 
Taurine,   426 
in  brain,  580 
in  metabolism,  818 
in  muscle,  611 
Taurocarbamic  add,  821 
Taurocholeic   acid,    431 
determination   of,  426 
properties      and      prepara- 
tions, 426 
Tautomeric      rearrangements 

of  xanthine,  167 
Teeth,  composition  of,  641 
Telchman  reaction  for  hemln, 

1003 
Teiehman's   crystals,    1003 
Tellurium,      metliylation     of, 

in    body,    718 
Temperature,    eocffldent,    ex- 
planation of,   253 
of    reduction    of    oxyhemo- 
globin,   483 
of  vital,  reactions,  253 
Tendo    Achillis,    composition 

of,  635 
Tendomucoid,  639 
decomposition        products, 
324 
Terpenes,  78,  79,  80 
excretion    of,    as    glycuro- 
nates,  758 
Terpin,  79 

Testes    of    flsh,    method    of 
separating     spermatozoa 
from,  161 
Testis,    amount    of    creatine 

in,    709 
Test  meal  of  Ewald,  342 
Tetramethylenediamine,     442 

in  urine,  747 
Tetra  nucleotide.  172 
Tetra  nucleotidase,   171,  406 
Tetrasaccharldes.    19 
Tetramethyl    putresdne,    442 
Tetroses,    19 
Thioalbumose,  929 
Thio-amino      propionic    acid, 

117 
Thioethyl  amine,  442 
Tliiopyruvic  acid,   819 
Thiosulpbate  solution,  stand- 
ard, making  of,  908 
Thoma-Zeiss     hemacytometer 

990 
Thoracic  duct,  452 
Thrombin,     does     not    cause 
intravascular       clotting, 
532 
(fibrin  ferment),  origin  in 

blood  plates,  527,  532 
not  a  ferment.  527 
preparation  of.  532 
Thrombogen ;    see    Prothrom- 
bin 
Tbromboplastic       substances, 

516 
Thrombokinase,   534 
Th.ymlc   acid.    164 
Thymine,   amount  in  nucleic 
add.   169 
formula,    composition    and 

properties,    168 
origin  in  nucleic  add,  164 
Thymol,  excretion,  762 
Thymus      gland,      physiology 

of,   679 
Thymus  nucleic  add,  decom- 
position  of,   169 
structure  of.  172,  173 
Thvnnin.  amino-adrts  in.  104 
Thyreoglobulin.  664 
Thyroids,  657-666 


Thyroids,  active  principle  of, 
666 
Basedow's  disease,  659 
colloid,    665 

exophthalmic    goitre,     659 
extracts,      action     of,     on 

metabolism,  667 
extracts,    action    on    blood 

pressure,  661 
function,      cretinism,    658 

659 
influence    of    Ingestion    on 

creatine  excretion,   710 
iodine  in,  664 
iodothyrin,  667 
morphology,       embryology 
and   histology,   657,   658 
myxcedema,  659 
nitrlle  reaction  for,  66.3 
results    of    extirpation    of, 

660 
thyreglobulin,   664,  665 
Thudichum,  on  the  brain,  568 
Tigiic  acid,  65 
Tissue  extracts,  influence  on 

blood  clotting,  518 
TBpfer  reagent  for  free  HCl, 

974 
Tolleus'    glycuronic   add    re- 
action,   1075 
Tollens-Neuberg      glycuronic 

acid  reaction,  1075 
Tollens'    .phloroglucin     reac- 
tion, 879 
Tolulc  add,  in   urine,  763 
Tolurie  acid,  762 
Toluylendlamine,    action     on 

bile  secretion.  419 
Toxicity    and    solution     ten- 
sion, 228 
Trehalose,  composition,  19,  54 
Trichloracetic      acid.     Inver- 
sion coetBcient,  195 
Trlketohydrindene      hydrate, 
formula  of,  and  protein 
reaction,   150,   919 
Trlmethyl        amine,        from 
ledthin,  93 
in   blood,    93 

in  cerebro-splnal  fluid,  586 
in  urine,  93,  747 
Trimethyl-amlno  acetic  acid, 
92 
butyric  acid,   442 
Trlmethyl  oxybutyro  betalne, 
610 
tryptophane   betalne,    442 
Trlnucleoslde,  175 
Trioses.  19 
Tripeptide,   134 

in  protamine,  136 
Tritlconucleic  add,  169 
Triolein  ;  see  Olein 
Trioxypyrimidine.   185 
Trisaccharldes,  classification. 

19 
Trlstearln ;  see  Stearin 
Tropaeolin    as   indicator.   371 
Trlpalmitin ;    see    Palmitin, 
Trypsin,  401 

action    of   bile  on.    402 
digestion  of  artificial  poly- 
peptides. 403 
law  of  rate  of  action,  405 
optimum      alkalinity     for, 

402 
products  of   tryptlc   diges- 
tion, 402 
preparation   of,    free   from 
lipase     and     amylopsin, 
981 
Trypsinogen,  401 

activation     by    Ca     salts, 
403 
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Tripsinogen,     activation    by 

enterckinase,  401 

practical  work  on,  977-980 

Tryptic     digestion,     bromine 

reaction   of,    149 

of    artificial    polypeptides, 

403 
optimum      alkalinity     for, 
980 
Tryptophane,       amount      in 
various      proteins,      128 
129 
it  necessary  constituent  of 

food,  823 
color     reactions     of,     148, 

149,   917 
color    reaction    with     bro- 
mine, 149 
color      reaction     with      p- 
dlmethyl-amino-benzaldeit 
hyde,  149 
decomposition  by  bacteria, 

441 
derivation    of     word,    400 
formula,   118 

in    tryptic    digestion,    400 
putrefaction  of,  441,  750 
Tung  oil,  65 
Turpentine  oil   of,  6,    79 

oil    of,    autoozldation.    68 
Tyndall   phenomenon   of   col- 
loidal   solutions,  217 
Tyrosine,  amount  in  various 
proteins,  128,  129 
crystals.  119 
decomposition  by  bacteria, 

440 
formula,  117 

oxidation  and  fate  in  body, 
814 

TTffelmann's  lactic  acid  reac- 
tion, 976 
Ulcer  of  stomach,  acidity  in, 

370 
Ultra  microscope,  216 
Ultra  microscopic  picture  of 

gels,  231,  232 
Ultra    violet    light,     physio- 
logical   action    of,    46 
synthetic  action  of,  46 
Uracil,    chemistry    and    for- 
mula,  168 
origin   of,    164 
Uramil,  184 

Uraminobenzolc    acid,    764 
Uranium  acetate  method  for 

phosphates,    1109 
Urea    after    liver    corrosion, 
699 
after  liver  disease,  699 
ammonia    in     portal     and 

hepatic  blood,  701 
amount  In  blood  after  kid- 
ney extirpation,  694 
amount   secreted  per  day, 

693 
chemistry  of,  691 
commensurate     with     uric 

acid  in  birds,  700 
conversion    to    biuret    and 

eyanuric  acid,  702 
determination      by     hypo- 

bromite,   1090 
determination,    microchem- 
,    lea],  Folin,  1088 
determination.        urease 

method,  1086 
excretion    after    ingestion 
of  ammonia  and  amlno- 
acids,  703 
excretion    in    perspiration, 

694 
excretion  in   saliva,  694 


Urea,  excretion  reduced  after 

benzoic  add,  704 
excretion  varies  with  diet, 

693 
formation  from  ammonium 

carbamate,  704 
from    cyanamide,    704 
in   blood  before  and  after 

perfusion,  696 
in  blood  after  adding  am- 
monium   carbonate,    696 
In   muscle,  613 
in   urine,  691 
in  urine  after  Eck  fistula, 

698 
literature,  766 
nitrate,  692.  1061 
nitrogen  in  blood,  509 
origin    from   arginine,    703 
origin  of.  In  mammals,  693 
origin,  summary,  703 
other   sources  of,   701 
oxidation    of,    692,    703 
physiological      action      of, 

704 
percursors  of,  701 
preparation     from      urine, 

1060 
quantitative  determination 

of,    1085 
quantitative        determina- 
tion, Benedict's  method, 

1085 
quantitative         determina- 
tion, Folin  method,  1088 
union  with  salts,  693 
Urease,  in  soy  bean,  693 
method      of      determining 

urea,  1084 
Ureometer,   Doremus.   1091 
Urethane,  formula,  122 
Uric    acid,    allantoine    from, 

734 
a.    small    part    of    Ingested 

purine,  727 
amount  in  urine,  691,  721, 

738 
chemistry  of.  722 
Cole's     method     of    detec- 
tion.  1064 
crystalline  form.  723,  1078 
destroyed  by  alkali,  723 
destruction   of,  by  various 

organs,  724-725 
detection    of,     in    liquids, 

1064 
diagram    of   catabollsm   of 

nucleic  acid.   733 
endogenous      and     exogen- 
ous. 726,  729 
enzymes       concerned       in 

formation.  732 
excretion,  birds,  after  liver 

extirpation,  700 
excretion    by    birds,    after 

Ingestion  of  amino-acids, 

702 
excretion  on  various  diets. 

726 
formation       from       spleen 

pulp,  730 
formation    from    xanthine, 

732 
formation     in     birds     and 

reptiles,   700 
in     blood,      mlcrochemlcal 

determination.  1019. 1030 
lactam   and   lactlm   forms, 

722 
literature,  766 
methyl     glyoxalldine     salt, 

723 
murexlde  reaction,  724 
murcxide   test  for.   1062 


Uric  acid,    not  destroyed  by 
human    tissues    ( ?)    734 

origin  in  nuclelns,  72|4 

oxidation  of,  734 

piperazine  salt  of,  723 

possible  origin  from  non- 
pnrine  bodies,   737 

precipitation  reaction,  1 063 

preparation  from  urine, 
1060 

quantitative  determina- 
tion, by  microcbemical 
method,  1019,  1030. 
1097 

quantitative  determina- 
tton,  Folln-Shaffer  meth- 
od, 1097 

relation  to  leucocytosis. 
730 

reducing   actions,    1062 

Schiff's  reaction,  1062 

standard  solution,  sulphite 
reagent,   Folin's,   1019 

standard  solution  of,  Fo- 
lin,  1019 

synthesis  from  dialuric 
acid  in  liver,  740 

synthesis  from  uramtl  and 
urea,  185 

synthesis  In  birds  and  rep- 
tiles, 737 

synthesis  in  dog's  and 
bird's  livers.  738-739 

time  of  -excretion  in  rela- 
tion  to  eating.   728 

uricolysis,  734 

variation  with  age,  730 

variation  with  disease,  72!' 
Uricase,  734 

effect    of    fasting    on,    738 
Uricolysis,   734 
Uricolytie  index,  736 
Urine,    685 

acetoacetic  acid,  determi- 
nation,   1116 

acetoacetic  and  hydroxy- 
butyrlc  acid,  determina- 
tion of.  1119 

acetone,  determination, 

1116 

acetone  In.  759.  1076.  1116 

acidity  of.   688,   689 

acidity,  variation  in  dis- 
ease, 689 

albumin,  in.  detection.  1067 

allantoine  in.  740.   1100 

amino-aclds  in.  determina- 
tion,   1104 

ammonia  in,  689,  746 

amount  per  day,  292.  687 

amount  secreted  and  rela- 
tion to  urea.  705 

aromatic  oxy  acids  in, 
746 

basic    substances    in,     746 

cadaverine  in,   747 

calcium  and  magnesium 
in.  757 

carbon  In,  per  day.  292 

chlorides,    756 

composition  in  high  and 
low    protein,    754 

creatine  and  creatinine. 
705-721 

detection  of  glucose  in. 
1069 

determination  of  H  ions, 
1123 

differentiation  of  glucose 
and    lactose    in,    1072 

distribution  of  purine  ni 
trogen  In  different  mam- 
malia.  736 

energy  in,  292 
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Urine,    energy    expended    In 
secretion  of,  690 
ethyl    sulphide   In,    816 
excretion  of  various  drugs 

in,  766 
freezing  point,  690 
general    composition,    691 
glucose     in,      quantitative 
determination    by    vari- 
ous  methods,    1109-1113 
glycuronic    acid    in,     759, 

1075 
gynesin   in,   747 
hippuric   acid    in,    741-746 
hydrogen  ions  in,  689 
imidazol-acetic      acid      in, 

747 
indlcan  in,  749 
indoxyl    in,    748 
inoslte  in,   611 
methylated     excretory 

products  in,  718 
methyl   guanidine    in,    747 
methyl     pyridine    chloride 

in,  747 
mingin  in,  747 
nitrogen   in,   per  day,   292 
nitrogenous       constituents 

in,  691 
nitrogenous  substances 

present  in  small 
amounts  in,  746 
novain  in,  747 
ornithine  conjugates,  763 
osmotic  pressure  of,  690 
oxybutyric  acid  in,  1119 
oxymandelie  acid  in,  747 
pathological      constituents 

of,  757,  1067 
paraoxyphenyl       propionic 

acid  in,   748 
pentoses       in,       detection, 

1075 
pepsin  in,  365 
plienol    in,    748 
phenyl  acetic  acid  in,  748 
phosphorus  in,  755 
Urine  pigments   in,   765 
practical    work    on,    1060- 

1123 
protein  in,  757,  1067 
ptomaines  in,  747 
ptrescine  in,    747 
purine     bodies      in,     721- 

738,  1103 
qualitative        examination 

of.   1067 
reaction,  688,   1122 
reductonovain   In,   747 
result    of    Eck    fistula    on, 

697 
saccharose    in,    determina- 
tion,   1121 
sactoxyl  in,  748 
specific  gravity,  688 
substances  paired  with  gly- 
cine,   763 
sugars  in,  758,  1069,   1109 
sulphuric   acid  conjugates, 

763,  1106 
sulphur   in,    753-754,    1105 
trimethyl  amine  in,  747 
uramido  conjugates,  764 
urea,  chemistry  of,  691 
uric  acid,   721 
urobilin    in.    417 
vitiatin  in,  747 
Urobilin,  417,  765 

absorption   spectrum,  418 
detection,    1076 


Urobilin,   gives   Ehrlich's   re- 
action, 418 
Urobilinogen,  417 
Urocanlc  acid,  747 
Urochrome,  765 
Uroferrlc  acid,   746 
Urorosein,  751 
Urotoxic  coefficient,   747 
Uroxanlc  acid,  735 

Valeric   acid,    Iso,    64 

Valine,    amount    in    val^lous 
proteins,   128,   129 
formula,  116 

Van  Slyke  method  for  amino 
nitrogen,  137,  935 

Van  Slyke  method  for  carbon 
dioxide,  1042-1048 

Velocity,    of    chemical    reac- 
tions, 251 
of  reaction  of  first  order, 

252    ' 
of  salivary  digestion,  rela- 
tion to  concentration  of 
ptyalin,    333 

Venous  blood,  gases  of,  489, 
490 

Vertebrate  skeleton,  relation 
of  composition  of,  to  in- 
vertebrate,   324-325 

VicHin,    composition,   110 

Vicin,    168 

Vidin,   100 

Villi,  451 

Vignin,  composition,  110 

Vital  .phenomena,  rOle  of 
phosphoric  acid  in,   160 

Vitamines,   838 
literature,  853 

Vitellin,  113,   129 

Vitiatin,  in  urine,  747 

Vitreous  humor,  composition, 
637 

Viscosimeter  of  Burton- 
Opitz,  511 

Viscosity  of  blood,  510 
eflEect  of  diet  on,  513 
effect  of  gases  on,  513 
effect   of    temperature   on, 

512 
plasma,  512 
relation  to  fibrinogen,  513 

Vivi-difEusion    of    blood,    lit- 
erature,  561 
method,   469 

Volemose,   30 

Vollhard's  chloride  method, 
1107 

Von  Mering,  discovery  of 
pancreatic  diabetes,  781 

Walnut    oil,    iodine    number, 

70 
Water,    ahsorption    by    gels, 

234 
amount  excreted 'in  urine, 

686 
amount  in  various  tissues, 

13 
amount   excreted   in  feces, 

686 
amount    needed    per    day, 

301 
as  a  food,  301 
cohesive    pressure   of,    198 
composition    of,    190,    191 
dielectric   constant,    192 
excretion    in    perspiration 

and     respiration,      293, 

686 


Water,     in    brain,    variation 
with  age,  D68 
Ionizing  power,   193 
molecular    association     of, 

190 
power   of   accelerating    re- 
actions,   193 
powers   of   solution,    192 
properties  of,   190,  192 
r51e  in  vital  reactions,  190 
specific    heat,    192 
specific  inductive  capacity, 
192 
Waxes,  62.  80 

iodine    numbers^   71 
Weidel's         reaction ;         see 

Murexide  reaction 
Weyl's     nitroprusslde     reac- 
tion      for        creatinine, 
1065 
Whale  oil,  iodine  number,  71 
Whey  albnmose,   376 
White  connective  tissue,  634 
White  matter  of  brain,  com- 
position, 583 
White   matter   of  brain,  spe- 
cific gravity,   584 
White  substance  from  brain, 

569 
Wieehowski,    allantoine     de- 
termination,  1101 
Wljs   iodine    solution,    909 
Wooldridge,  biography  of,  535 
Wooldridge's    view    of    clot- 
ting. 535 
of    difference    between    fi- 
brin and  fibrinogen,  525 
Wool   wax,   SO,    81 
iodine  number,  71 

Xanthine   bases ;   see  Purine 

bases 
Xanthine     decomposition    on 

dry  heating,  167 
Xanthine,      discovery,     prop- 
erties     and      chemistry, 
167 
enol  form.   167 
from  guanine  by  guanase, 

165 
from  nucleic  acid,  166 
in  urine,  721 
origin   in    nuclein.    161 
Xanthine   hydrolase,   732 
Xanthine    oxidase,    731 

distribution  in  tissues,  730 
Xanthophyll   in  butter,   64 
Xanthoproteic     reaction     of 

proteins,  147.  !>]6 
Xiphin,   amino-acids   in,    128 
Xylene,  fate  in  body,  763 
Xylose.    19,   29 
in  muscle,   613 

Yeast   nucleic   acid,   175 

Yellow  atrophy  of  liver,  ef- 
fect on  nitrogen  excre- 
tion,  699 

Yellow  connective  tissue, 
composition,    635 

Yolk  of  eggs,  composition. 
316 

Zein,   composition,    112,   129, 

1.39 
Zymase.   61.    625 
Zymogen,    conversion    to   en- 
zyme by  acid,   332,  352 
in  stomach,   354 
nature  of,  in  amylase,  331 
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Adrenaline,         determination 

of,    Folln,    Cannon    and 

Denis,  124 
Ailiali  reserve  of  blood,  1042 
Amino-acid     nitrogen.      Van 

Slylce  microcbemicai 

method,  940 
Amino-nitrogen       determined. 

by    Van    Slyke    metbod, 

935 

Bile,  983-986 

cbolesterol  in  biie,  987 

Hammarsten's  test  for 
biiiriibin,    984 

Gmelin's  test  for  bile  pig- 
ments, 984 

Hay's  test  for  biie  salts, 
986 

Buppert-Coie  test  for  bili- 
rubin, 984 

Pettenlsofer's  test  for  bile 
salts,    985 

pbyslcal    properties,   985 

powers   of  solution,  984 

preparation  of  bile  salts, 
Plattner's    bile,    985 

preparation  of  glycocholic 
acid,  985 

reactions  to  detect  pig- 
ments, 984 

salts   precipitate   proteins, 
986 
Blood,   990-1059 

acid    bematin,    1003 

alliali   reserve,   1042 

analysis  of,  lOOT 

calcium   in,   1039 

cblorides  in,   1036 

clotting,  fibrinogen,  salt 
plasma,  etc.,  1004 

crystallizing  liemoglobin, 
997 

determination  of  hemo- 
globin by  Tallqvist 
method,  992 

glucose  in,  determination, 
microcbemicai  of  Bang, 
1114 

glucose  In.  1021,  1029 

nematokrit  method  for  cor- 
puscles, 992 

hematoporphyrin,  acid  and 
alkaline,  1003 

bemin  crystals,  Teich- 
man's  crystals,  1003 

hemochromogen,  1003 

hemoglobin  by  Dare's 
hemogloblnomoter,      993 

hemoglobin  by  Newcomer's 
method,   993 

hemoglobin,  by  Oliver's 
hemoglobinomcter,     003 

laking  of,   996 

laklng  by  hypotonlclty,  an- 
esthetics, bile  salts, 
saponins  and  dilute  al- 
kalies,   998-997 

magnesium  in,  1038 

methemoglobin,    1001 


Blood,  non-protein  nitrogen 
in,   1007,   1023 

Oliver's  hemacytometer, 
991 

potassium  in,  1040 

sodium  in,   1040 

spectra  of  various  deriva- 
tives of  hemoglobin  and 
compounds,    998 

spectroscope,  direct  vision, 
998 

spectrum  carbonyi  hemo- 
globin. 505,   1000 

spectrum  of  oxy  and  re- 
duced hemogolbin,  505, 
1000 

Stoke's  solution,  composi- 
tion,  1000 

Thoma-Zeiss  determina- 
tion of  blood  corpuscles, 
990 

uric  acid  in,  microoiiomical 
determination,  1019, 

1030 
Bone,  practical  work  on,  960 

Carbohydrates,  action  of 
acids  on  pentoses,  884 

action  of  strong  acid  on 
dlsaccharides,    886 

action  of  strong  acids  on 
monosaccharides,    884 

increase  of  reducing  power 
by  alkali  treatment,  871, 
874 

Benedict's  solution  for 
quantitative  determina- 
tion  of,    1109 

cane  sugar,  starch,  and 
gum  not  hydrolysed  by 
alkali,   887 

caramel  and  humus  form- 
ed by  alkali,  871 

decomposition  of.  by  alka- 
lies, 871 

detection  of  galactose, 
muclc  acid,   881 

detection  of  pentoses  by 
phloroglucin,  Tollens, 
879-880 

detection  of  starch  by 
Iodine,  881 

dlsaccharides.  action  of 
add  on,  886 

experiments  on,  870-903 

Fehllng's  solution.   .S72 

fermentation  by  yeast,  886 

formation  of  alcohol  and 
COs  from,  by  yeast,  886 

methoxyfurfural.  forma- 
tion  from   bexoses,   885 

formation  of  methoxyfur- 
fural, IPTulinic  acid, 
and  humic  acid  from 
hexoses,   885 

formation  of  methoxyfur- 
fural from  leviilose. 
885 

furfural  reactions  for  de- 
tecting pentoses,  bexoses 

1162 


and    glycuronates,     879, 

880 
Carbohydrates,    bexoses,    ac- 
tion of  acids  on.  884 
ketosc     reaction,     Seliwan- 

off's,    881 
lactose,    preparation    from 

cow's  milk,  951 
methods  of  Identifying  and 

detecting,  877 
Molisch    reaction.    877 
Moore's    test    for,    871 
naphthoresorcin      reaction 

to    distinguish    pentoses 

and    glycuronates,    8S0, 

1075 
orcin     reaction     for     pen- 
toses, 880 
osazones,    formation    from 

hydrazine,    882 
pentoses,     action    of    acid 

on,  885 
pentoses,  formation  of  fur- 
fural.  885 
polysaccharides,    action    of 

strong  acid  on.  887 
saccharose,     inversion     of, 

886 
starch  iodine  reaction,  8S1 
reaction  with  resorcin.  882 
reducing    actions   of,    870 
reduction       of      Barfoedfs 

solution,    875 
reduction  of  bismuth  salts 

by,  Botlger's  Nylander's 

and   Allman's    reactions, 

876 
reduction    of    cuprlc   salts. 

870 
reduction  of  mercury  salts. 

876 
reduction      of      methylene 

hlue.  876 
reduction     of     picric     and 

pbosphotungstic        acid. 

873-874 
reduction    of    sliver    salts 

by.  876 
Seliwanoff's    reaction,    881 

literature,   882 
starch     and     gum    arable, 

hydrolysis   by  acid.   887 
Tollen's   reaction,   879 
Coagulation   of   blood,    1004 
Creatine,  from  meat.  958 

Dakin    separation    of    amino 

acids.  944 
Direction    for  work,   861 

Equipment,  student  and  gen- 
eral, of  laboratory,  858 

Fats ;  ner  I.ipins 
Feces,     prnctical     work     on, 
n87-9S9 
occult  blood  In.  988 

Gastric   contents,   method   ot 
obtaining,  972 
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Gastric  digestion,   965-976 

acidity  of  gastric  juice, 
973 

active  principle  stored  in 
mucosa,    065 

coagulation  of  milk  by 
rennin,    009 

comparison  of  action  of 
pig's  and  calve's  stom- 
ach   mucosas,    971 

determination  of  total 
acidity,  free  HCl, 
amount  of  chlorine,  971- 
975 

existence  of  pepsinogen, 
965 

lactic  acid,  detection  by 
Hoplclns'   method,   976 

lactic  acid  In,  detection  by 
UfCelmann's  method,  976 

optimum  acidity  for  pep- 
tic action,  966 

preparation  of  artificial 
gastric  juice,  967 

quantitative  determination 
of  pepsin,  967 

pepsin,  quantity  determin- 
ed by  Jacoby's  method, 
967 

pepsin,  quantity  deter- 
mined by  Mett's  method, 
968 

reaction  of  mucous  mem- 
brane, 965 

rennin  activated  by  HCl, 
969 

time  law  of  peptic  diges- 
tion, 969 

time  law  of  rennin  action, 
970 
Glucose,      determination     by 
Bang's        hydroxylamlne 
method,  1110 

determination  by  Bertrand 
method.    888 

determination  by  Bertrand 
and  Munson  and  Wall^er 
method,  891 

determination  by  micro- 
chemical  method.  Bang, 
1112 

determination  in  blood 
microchemical  method. 
Bang,  1112 

microchemical,  Folin-Wu, 
1021 

determination  by  Bene- 
dict, 1109 

by  Lewis-Benedict,  1023 
Glutaminlc     .acid,      prepara- 
tion, 946 

Hydrogen     ions,     method    of 
determining,    1049 

Intestinal  digestion,  977-988 

Intestine,  enterbltlnase,   980 

erepsln  in  mucosa.    Soren- 

sen    titration.   982 
Intestinal  putrefaction 

products,  987 
invertin  in  mucosa,  983 
tests   for    indole  and   sca- 
tole.  987 

Llplns.  904-914 

absorptions    of    Iodine    by 

unsaturated  fatty  acids, 

907 
acrolein   test  for  glycerol, 

907 
chlesterol,   preparation   of, 

913 
cholesterol   reactions,    914 


Llplns,  cleansing  action  of 
soaps,  910 

determination  of  saponifi- 
cation   numaer,    909 

emulslflcation  of  fat  "uy 
soaps,    905 

free  acid  in  oils,  90.5 

glycerol  in  aeutral  fat, 
907 

hydrolysis  of  glycollpln, 
912 

iodine   number,   determina- 
tion of,  907 
Llebermann-Burchard        cho- 
lesterol reaction,  914 

neutral     fats,     crystalliza- 
tion of,  904 
Llplns,   neutral   oils,   surface 
tension    of,    905 

phospholipins,  preparation 
of,  912 

preparation  of  glycolipin, 
cercbrin  from  brain, 
911 

Salkowski  cholesterol  re- 
action, 914 

saponification    of    fat,    006 

separation  of  soap  by 
salting    out,    900 

showing  hov  to  identify  a 
neutral  fat,  907 

solubility  of  fats  and  oils, 
904 

surface  teaslon  of  waler 
low,.'red  by,  905 

tests  for  glycerol,  fatty 
acids  and  phosphoric 
acid  in  Dbospliolipin, 
912 

thiosulpbate  solution, 

standardization    of,    908 

Meat,     practical     work      on, 

957-960 
Milk,    fat,    determination   by 
Meit^'s    method,   953 
fat,  by  Babcock,  952 
freezing   point  of,   955 
Milk,    lactose    in    by    Folln, 
952 
practical    work,    949-954 

Nitrogen,     amino,     by     Van 

Slyke        method,        935, 

940 
ammonia,    methods,    1093 
Ejeldahl  -  Gunningl-  Arnold 

method,  931 
Nessler       method,       1083, 

1007 
microchemical  method, 

1083 
urea,    methods,    1084-1092 

Pancreas,  amylolytlc  actlv- 
Uy,  977-979 

amylolytlc  and  lipolytic 
hydrolysis  depend  on  the 
presencfe  of  salts, 
978 

determination  of  optimum 
alkallnlt.v  for  tryptic  di- 
gestion, 980 

effect  of  acids  and  alkalies 
on  amylase.  979 

lipolytic    activity,    978 

preparation  of  tryptic 
solution  free  from  li- 
pase, 981 

proteolytic  action,  977, 
980 

Robert's  method  for  amy- 
lase   determination.    979 

staapsin    is    destroyed    by 


heat    and    Influence    of 

bile,  981 
Potato,    practical     work    on, 

960,-961 
Proteins,  915-948 

albuminoids,      preparation 

and  properties,  930 
biuret  reaction,  915 
color     reactions     of,     915- 

920 
detection  of  organic  phos- 
phorus, 912 
determination   of   nitrogen 

in,    by    Kjeldahl-Arnold- 

Gunning,  931 
determination      of      phos- 
phorus  in    nucleic   add. 

by    Neumann-Pemberton 

method,  933 
deutero-proteoses,   929 
dimethyl  -  amino  -  benzaldc- 

byde  reaction,  918 
Ebrlicb's    reaction,    diazo, 

919 
elementary  composition  of, 

915 
formaldehyde    reaction 

Acree,  918 
formation    of    biuret   from 

urea,  916 
gelatin,  930 
globulin,    precipitation    by 

dialysis,  923 
globulin,    precipitation    by 

salts,  924 
heat    coagulation    of.    921 
hydrolysis-       by       Dakin's 

method,  944 
Liebermann's  reaction, 

918 
methods .  of    detecting    in 

solution,  915 
Millon  reaction,  916 
Mollscb    reaction,    919 
ninhydrin    reaction,    919 
peptone    preparation.   929 
precipitation     by     alkaloid 

reagents,  921 
precipitation       by       heavy 

metals,  921 
preparation  and  properties 

of   albumoses,   928 
preparation  of  casein,  949 
preparation  of  edestin.  925 
preparation      of     ezcelsln, 

926 
preparation      of      gliadin, 

926 
preparation    of   nucleo-pro- 

tein    and    nucleic    acid, 

927 
preparation    of    secondary- 
derived    proteins,    928 
preparation    of    serum    al- 
bumin      and       globulin, 

924 
preparation       of       trypto- 
phane, 941 
Hopkins-Cole  reaction,  917 
reduced    sulphur    reaction, 

919 
tryptophane  reactions,  917 
xanthoproteic  reaction, 

916 

Reagents,     desk     and     side 
shelf,    858,-859 

Saliva.  962-964 

excretion   of  salts   in,   964 
digestive  action.   962 
formation  of  dextrins  from 

starch.  963 
mucin  in,  962 
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Saliva,  ptyalin,  conditions  of 
activity,  964 

ptyalin  killed  by  heat,  963 

reaction,  962 
SellwanoE's    reaction,    881 

Urine,  1060-1123 

acetoaeetlc  acid,  detection 
by  Gerhardt's  ferric 
chloride  test,  1074 

acetoaeetlc  acid,  detection 
by  Harding  and  Euttan, 
1074 

acetoaeetlc  acid,  detection 
by  salicylaldehyde  re- 
action, 1074 

acetone,     acetoaeetlc     acid 
and  hydroxybutyrlc  acid, 
determination  by  Shaffer 
and  Marriott,   1119 

acetone  and  diacetic  acid. 
Folln-Hart  method,  1118 

acetone  determination  by 
Folin  method,  1115, 1117 

acetone,  detection,  Legal 's 
nitroprusside  reaction 
1073 

acetone,  detection,  by  Ro- 
thera's  nitroprusside  re- 
action, 1073 

acetone  iodoform  test, 
Gunning's,    1073 

acidity.  Folin's  method, 
1122 

albumin  in,  detection  of, 
1067 

albumin,    quantitative    de- 
termination of,  Esbach's 
method,  1068 
Urine,  albumin,  ferrocyanide 
test,  1068 

albumoses,  detection  of, 
1069 

allantoine  determination, 
Wiechowslsl  method, 

1101 

allantoine,  determination 
by  urease  method. 
1100 

amlno-acids  In,  determina- 
tion by  formal  titration, 
'      1104 

amlno-acids  in,  formol 
titration  after  removal 
of  ammonia.    1104 

ammonia,     Folin     method, 

macroehemical,  1092-3 

ammonia.  microchemical 
determination,  Folin 

and  Macallnm.  1093 

blood  in,  detection  of,  by 
guaiae  reaction,  1077 

blood  in,  detection  of;  by 
Telchmann  hemln  reac- 
tion,   1077 

Bence-Jones  protein,  detec- 
tion of,  1069 

bile  pigments,  detection  by 
Huppert-Cole  method, 
1076 

bile     pigments,     detection 
by       Huppert-Nakayama 
.  method,    1077 

bile  salts,  detection  of,  by 
Hay's  method,  1076 

bile  salts,  detection  by 
Pettenkofer's  method, 
1076 

calcium,  determination, 
1108 


Urine,  chlorides,  determina- 
tion by  Vollhard,  1107 

creatine,  determination  by 
Folin-Benedict  method, 
1096 

creatinine  determination, 
Folin  colorlmetric 

method,    1094 

creatinine,  nitroprusside 
reaction,  Weyl,  1065 

creatinine,  picramic  acid 
reaction,    JafEfi,    1065 

creatinine,  preparation  of, 
from  urine  by  zinc- 
chloride,  1064,  1095 

creatinine,  preparation  by 
picrate  method,  1096 

excretion  by  a  high  and 
low   protein    diet,    1078 

Esbach's  picric  acid  re- 
ajjent,   1069 

Folin  aSration  apparatus, 
1081-1082 

glucose  by  Benedict's 
method,  1070,   1110 

glucose,  by  Folin  and 
Peck,  1110 

glucose,  detection  of, 
Benedict's,  Fehling's 

fermentation  and  osa- 
zone  tests,  1070 

glucose,  quantitative  de- 
termination, Folin  meth- 
od, 1110 

glycuronic  acid,  detection 
by  Tollens-Neuberg 

method,   1075 

glycuronic  acid,  detection 
by  Tollens'  method, 
1075 

Heller's  albumin  test,  1067 

hlppurlc  acid,  determina- 
tion, Folin  and  Flan- 
ders, 1099 

hlppurlc  acid,  preparation 
from   cow's   urine,    1065 

Indlcan,  detection  of,  Jaf- 
fa's test,  1066 

Indlcan.  Obermayer  ferric- 
chloride    method,    1066 

hydrogen  ion  determina- 
tion. Indicator  method, 
1122 

identification  of  small 
amounts  of  glucose  and 
lactose,    1071-1073 

Eoch  and  Folin  aSratlon 
apparatus,    1086 

lactose  in,  identification, 
1072 

method  of  distinguishing 
lactose  and  glucose  in 
urine,  1072 

Nassler  reagent,  1018, 1033, 
1084 

Nessterizing  method,    1083 

nitrogen,  total  by  Kjel- 
dahl  -  Gunning  -  Arnold 
method,    1070 

nitrogen,  total,  Folin  and 
Farmer,  microchemical 
method,  1081 

oxybutyric  acid,  detection 
by  Black's  method,  1074 

pathological  constituents, 
detection  of,   1067 

pentoses,  detection  of, 
1075 

phosphates,  uranium  ace- 
tate method,  1109 


Urine,  purines,  determinatioo 
by  Salkowski-Arnsteln, 
1103 

qualitative  examination, 
1067 

quantitative  determination 
of  its  constituents, 
1078-1124 

reaction  and  specific  grav- 
ity,  1079 

saccharose  in,  determina- 
tion, 1121 

specific  gravity,  determina- 
tion of,  1079 

sulphates,  conjugated  sul- 
phates, 1106 

sulphates,  ethereal  and  in- 
organic, by  volumetric 
method,   1106 

sulphates,  inorganic,    1105 

sulphur,  total  by  Bene- 
dict-Denis method,  1106 

sulphates,  total  determina- 
tion, Folin  method. 
1105 

tests,  qualitative,  for  chlo- 
rides, phosphates  and 
sulphates,    1060 

urea,  Benedict's  method, 
copper  baths  for,   1085 

urea,  determination  by 
urease  method,  1085 

urea,  determination  by 
Benedict   method,    1085 

urea,  Folin,  temperature 
indicator,    1089 

urea,  Folin  microchemical 
method,  1088 

urea,  hypobromite  method, 
1090 

urea,  preparation  of,  by 
nitrate,   1060 

urea,  quantitative,  by 
Folin    method,  1088 

urea,  urease  microchemical 
method,   1087 

uric  acid,  detection  of, 
in  urine  and  other 
fluids.  Cole's  method, 
1064 

uric  acid,  determination  by 
Folln-Shaffer  method, 
1097 

uric  acid,  determination, 
microchemical,  Folln- 
Wu  method.  1098 

uric  acid,  Folin's  phos- 
photungstate  reagent, 
1020 

uric  acid,  Folin,  reaction, 
1063      ■ 

uric  acid,  precipitation  by 
ammonlacal  silver  solu- 
tion,  1063 

uric  acid,  precipitation  re- 
actions, 1063 

uric  acid,  preparation  of, 
1081 

uric  acid,  quantitative  de- 
termination, micro- 
chemlcal,  Folin-Macal- 
lum,  1098 

uric  acid,  reactions  for 
identifying,  murextde 
test,  1062 

uric  acid,  reducing  reac- 
tions,  1063 

uric  acid,  Schltf's  reaction, 
1063 

urobilin,  detection,  1076 


